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General Arrangement

Appendix H-1.1
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Appendix H-1.2  Air Brake Arrangement
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Appendix H-1.3  Stencil Arrangement
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Appendix H-1.4

Hand Brake Arrangement

17 16 | 15 | 14 13 | 12 | 11 | 10 | 4 | 8 7 | S | 4 | 3 | 2 |
1TEM | ND.
no | ER DESCRIPTION MATL
-4 1/8'— 1-27 | 1 | 7900 HANDBRAKE EN, K
K 1-32 | 4 |1 3/32 X 3 1/2 BRAKE PIN F-5009
-6 7787 1-33 | 4 |5/16 X 2 1/2 LOCKTITE COTTER | 3700011
—] 1-37 | 1 | SHEAVE EN 1749]—
NOT SHOWN [1-38 | 1 | DRawInG D-1003-20
SECTION AT LEVER 1-39 | 1 |1 3/32 X 6 BRAKE PIN Foazz] |
J 1-40 | 1 |CLEVIS EN 458
1-41 | 1 |RIVET EN 240
2-7 | 4 |3/4-10 NC NYL INS LOCKNUT
2-8 | 4 |3/4-10 NC X 2 HEX NUT waes |
I
3-45 | 1 | DRAVING 1160-19
_ 3-46 | 1 | DRAVING 1160-19 |
3-47 | 1 | DRAWING 1160-15
3-48 | 1 | DRAWING 1160-19
H 3-45 | 1 | DRAWING 1160-21 H
3-54 | 1 | DRAWING us0-22
G G
< kK>
E f——3'-2 5/16" 3'-3* | E
1'-6 1/4*
N —— S L L
D =—=-| = == D
— 174 |
] 174 | |
3-54
c| &-4 e C
lT4'—7 7/8 ———=
B ' B
1240 Iﬁ-:v TATE| 57 BESCRIPTION
1-41 RAIL KASGRO CORP
— SE A re—r |
121 RUNDLE RD. NEW CASTIE, PA
A TOLERANGES UNLESS NOTED HAND BRAKE ARRANGEMENT | A
OTHERWISE FOR PIECE DETAILS R BZT3
FRACTIONS + 1/16 INCH i _
ANGLES + 1/P DEGREE R CHO _NH 1 7/16 1160-4
3 TSSUED T0_| DATE_JaPPD.
17 16 | 15 [ 14 3 [ 12 I un | 1w | ¢ | 8 7 Il 5 [ 4 3 | 2 |
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Appendix H-1.5  Draft Sill Details

Ne— R [

17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | 0 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1
TEM ND.
No. | PER DESCRIPTION MAT'L
| CAR
K i 8'—7 5/16” REF 1-1 | 2 | 156-B EOC UNT 11865 K
.@ 1=2 2 Y—47 COUFLER PIN 11865
I A 10 5/16" REF 1-3 | 4 | ¥F—15-y YoKE 5482
— ‘ 1 (3-26) B-END | 14 | 2 | DRAFT FIN SUPPORT q7oL185700 |—
| 1-s | 2 | BoT 7/8-8 x 8° 5701241204
g / 1-8 | 2 | 7/8-8 LOCKNUT 15376 J
J - ‘ / 1=7 | 2 | 7/8 HARDENED WASHER 19586
! | i , / 1-8 | 4 | FRONT DRAFTSTOP g462
—] ‘ ! / a _ 1-8 | 2 | TOP WEAR PLT ssa |
=== ; § ; F 1-10] 2 | 43" EF CPLR TOP AND BOTTOM SHELF
| ! be—m——a
/ 1=11| 2 | CARRIER PLATE 17775
_____‘7_ __’f ____i_1r_5g~ 2-1 | 28 | 7/8-8 NC HUCK BOLT
| 2-2 | 28 | 7/8-9 NC COLLAR
|
|

\ B \ 3-19| 2 | DRAWING 1180-12
| | —18 3-20| 2 | DRAWING 1160-12

H A-END ‘ A _.J 4 1/8" |3-21] 2 | DRAWNG 1160-12 H
@ T I __E 3-22| 2 | DRAWING 1160-12

—] 3/8 ' 3-23 |
= —r 3-24| 2 | DRAWING 1160-13
i\ r_| ™~ <) 3-25| 4 | DRAWING 1160-13

G 4'—g" 3-26| 1 | DRAWING 1180-14 G
" 5 3—21 3-27| 1 DRAWING 1160-14
— -4 7 5/16 5/16 3-30( 2 | DRAWING 1180-13

=886 4 DRAWING 1180=X000(

15/16" DIA (14) MATCH DRILL VIEW B-B 3-87| 8 | DRAWING 1160-13

<3 3-26( 1 | DRAWING 1160-14 >
3-27| 1 | DRAWING 1160-14
1/4 3-78| 1 | DRAWING 1160-14
3-79| 1 | DRAWING 1160-14

i 1 T — .
il 1 1
il 1 1
e PN iz 1, S D
D . L_1 | H | - 7 I : S * l
/ | t {
3'-9" (reF) 1/4B
C
C SECTION A-—-A
100%
B B
REV.| DATE| BY DESCRIFTION
RAIL KASGRO CORP
- sHaNeNs — % I.I-‘rc —
DRAFT SILL ARRANGEMENT
A TOLERANCES UNLESS NOTED A
OTHERWISE FOR PIECE DETALS T
m"s ii1;{1|:?£::‘:§: — f;(fn:w 7/16 1180-5
17 | 1w | 155 | 14 | 13 | 12 [ 11 [ 10 T ¢ 1T 8 | 7 1 6 | 5 | 4 L
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Appendix H-1.6

Bolster Assembly and Details

17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | O | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1
meM | NG.
NO. EE& DESCRIPTION MAT'L
K 5/16 3—1] 4 [PLT 5/8" X 20" X ¥—9 7/16" A-572 | K
SEE NOTATION AT DETAIL [3—2] & |[PLT 1/2" X 14 3/4" X 4'=1 1/4"| A—572
3-3| 4 |BaR 8" X 1/2° X 1'=0 7/8° A-572
— 3-4| 4 |BAR 6" X 3/8” X 16" A-36 |—
I / 0 H I /@> 4 7/16"—~ 8" »
! ’ : H— 174 1’0 15/16"
1 T -
| I | TRUE LENGTH TO HOLES|
J | i I T Py T
| ot ' T I I !
1-8"  1'-0 7/8" | @ ! ! ! ! 8" ! :
[ Eogf ' | . [
[ '[‘;'IAAT%';) DRILL 13/16 Lo J/\ I (4) ASSLYS REQ'D o l i 13/16" DIA (2) , N
| Lt ; 2 NO_CUTOUTS -8 i [ =5 1/27
N1 I 1 BOTH CUTOUTS T | N jon '
. L 1 ' 1 SLOT ONLY 4" | 1/2" RAD (4) !
3 9/16 \ i . :
| ! |
5/16 + /\ i -
41 1/4" REF ] N 3 RAD (2) H
H 21/16 . 1'—5 3/16" 4 7/8"
— 3-8 3/16” |
8 1/4" REF O ®\,n O 7/8" ON CTR LINE
It . »
. » -~ 1'—9 7/8 :
o Ji 1"_2 3/4" REF / 3345 11/18" G
if (3-4
— 1/4 \‘ 2 / ' i -
(G=1) BOLSTER ASSEMBLY . 3/8 X 45—/ 1 1/4 RAD (2) 71/8
31/4 . P
<3 20 11,16 S/ \_ ~
1/2" ON CTR LINE ® 20N 14 1/2"\/ 5/8" X 45
4—6”—-
13/16" DIA (2) 1 1/47 (: ) BOLSTER FLANGE .
E v
e
N £-1 1/4" 1/2 X 45" (4) —
2 9/16" —] 2 5 7/16" / ’—1 -0 7/8 ~‘
D § ) ‘,, 1-8" 1'-5 1/2" D
7 /8" pr 83 3/4”@_ 3 f
—] - O 1 7/8" RAD I 8" [
by 2 11/1'6 J/ -2 374" |
C ' NG ud X C
_| \—1 1/4” RAD SIDE BEARING SPACER (G=3> SIDE BEARING STIFFENER —
B ! ._g 7/8“ ! ._3 ! 3/1 6“ REV.| DATE | BY DESCRIPTION B
BOLSTER WEB 5 1/16" RAIL KASGRO CORP
] (G=2)BR BOTH CUTOUTS 51 PUNDIE W KEW ASTIE, FA —
G=2>8L NO CUTOUS BOLSTER ASSEMBLY
A TOLERANCES  UNLESS NOTED AND DETAILS A
@ AR NO CUTOUTS OTHERWISE FOR F'IECI; DETAILS TR T
FRACTIONS + 1/18 INCH =
@ AL SLOT ONLY, NO 3 3/4" DIA ANGLES + 1/2 DEGREE AT T T :;'L(ED_NH /18 11606
17 I 16 | 15 [ 14 [ 13 | 12 | 11 1 10 [ ¢ [ & [ 7 1 6 | 5 [ 4 3 o2 1 1
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Appendix H-1.7  Steel Details
17 | 16 | 15 | 14 | 13 | 12 11 | 10 O | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1
oM Pk DESCRIPTION MAT'L
14 » - cm
‘ -1'—0 3/4" -~ 3-5]|10 | BAR 6" X 3/4" x 4'—2 1/2" A-572 | K
‘ . 3—6| 10 [PLT 1/2" X 23 3/8° x 41 1/4" | A—572
; /_ 1/2 X 45 (2) 3—7| 5 [BAR 8" x 3/4" x 1'-0 7/8" A-572
— 8" T , 3-8| 5 |PLT 1/2" x 23 3/8" X 1'-0 7/8"| A—572 |—
{ 2 3/4" 3—9| 4 [PLT 1/2" X 12 3/4" X 1"-2 3/4"| A—572
3—10[ 11 [wB X 18 X 4'—1 1/4" A—36 J
J 3/8" X 45— 12 3/4" 3—43] 3 [wra x 155 x #-1 1/4" A—36
\ [3—44]| 1 |Wr s x 155 X 3-8 3/8" A—36
— 41 1/4" 3—80| 1 |wB X 18 X 4'-1 1/47 A—36 |—
/1 /2 X 45 (2)
| |
J
BOLSTER DIAPHRAM 6" T
B R VAL ! 2 3/ [
1/4
H - =11 3/8” le1'-0 7/8"-+] H
) /1 /2 X 45 (2) B
c - = °
—] (3=5) CROSS BEARER ASSEMBLY / -
1'=11 3/8"
< 1/4 >
3'-9 3/8" 343 /
4'=1 1/4" 3-4
£ e @) 3/ NS 3
] [ (=7 CROSS BEARER ASSEMBLY |
D D
END CROSS TIE
C C
s 1n
S P-E ——| I——5 1/4" REF
B r i B
4‘1'16" REV.| DATE | BY DESCRIFTION
p— / l. .'.. —
A /3n DIA CROSS TIE TOLERANCES UNLESS NOTED STEEL DETAILS A
@ NO HOLE OTHERWISE FOR PIECE DETAILS ) T77E
FRACTIONS + 1/18 INCH Gk NH | 7716 1160-7
(3—80) WITH HOLE ANGLES £ 1/2 DEGREE {0 TR W I
17 I 16 [ 15 | 14 1 13 1 12 m I 10 I ¢ 1 8 1 7 1T 6 [ 5 1 4 3 2 1 1
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Appendix H-1.8  Steel Details
17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | O | 8 | 7 | 5 | 4 3 | 2 | 1
DERCRITION L
1/2° X 45 (2)  [wazsx7e e 38 | k
K Ea’ ref Wr3 X e Xe-10 32 A—38
WT3xX8X+<—4 a! A=38
— ] .;. MUST MEET 20 FT LBE AT T CHARFY AT 1" X 30" X 28'=7 1/%" A-572 |—
_r Wr3Xexz-az7Ae A=38
J 7-9 3/4 &2 J
- &-10 3/8" &id
— s 3/ & —
: 2°-8 7/16" @
STRINGER
H 28’7 1/2™ H
a 20" / 70" B
G / \ — G
i i
- ! 3/4" DIA DRAN HOLE 13 | —
A E A /— / (2) E
4 0 o . - | P
— H + ! -
PR |
§ k /E_ - j
D / D
+
_ 1 1/2 ] f—10—0"— NOTE: DG NOT TO SCALE.  USE DRAWNNG OUTSIDE. BORDERUINES B
c
¢ 1" * - 11L 7
— 1 -
B\w (=13 CENTER SIL BOTTOM FLANGE
B | | | B
L4
Rall. KASGRO Col
= e wossm o |
A TS e o 0 A
— st — mm@ iz
17 | 16 I 15 | 14 I 13 | 12 | 1 | 10 | 8 7 [ o | 4 3 | 2 [ 1
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Appendix H-1.9  Steel Details
17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | O | 8 7 | 6 | 5 | 4 | 3 | 2 | 1
iy [ DESCRIPTION MAT'L
« | CAR
K 3—31 1 [P 1" x 11 1118" x 15-9 178" A=572 K
J
J "1/4" (2
| " , |
I s
7/16" (2)
| SECTION A—A [
H 2'-3 5/16" -7 5/16"————— H
1
6" RAD (2) s =
+ 5" G
G
; = 4 + P ,
1 * 1,,RAD ¥ f A11/1e" DA (2)—/ Y
J—*— 2" RAD— i
< ¥ k>
A A 3-104"
N 15'—8" B
E
E I 11'-3"
' |
* |
D 7?" )\7 D
1" {
— f R 12" RAD (2) |
\/2 e +
C ~ 1? /2 ON & (G=3D SIDE SILL BOTTOM FLANGE C
(2
] — 110" 2'—e}3" | [
B B
REV.| DATE | BY DESCRIPTION
RAIL KASGRO CORP
| B n B
TOLERANGES UNLESS NOTED STEEL DETAILS A
A OTHERWISE FOR PIECE DETAILS SRe 30 Zil
ol 4R e— e e s e
17 I 16 [ 15 | 14 | 13 | 12 | 11 | 10 | € [ 8 7 I 6 Il 5 | 4 3 2 I
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Appendix H-1.10  Steel Details
17 | 16 | 15 14 | 13 | 12 | 11 10 | O | 8 7 | 6 | 5 | 4 | 3 | 2 | 1
I:;%:' gAEE DESCRIPTION MAT'L
3—16] 2 [PLT 1" X 7" X 28'-7 1/2 A=572 K
K 3—17] 2 [PLT 1" X 7" X 15'-9 1/8" A=572
3—11] 1 |PLT1" X 7" X 15'-9 1/8" A=572
J 28'-7 1/2 J
A A / /
e i
1y T
: /o A A B
17 1 J_ V /
H (3=19) SIDE SILL BOTTOM FLANGE 7/ 16 @ "
SECTION A—A
-0 7/16"——|-72'—11 e
G * G
+ 11/16 DIA (2)

] 7'" | EE // &
< ‘ r 1 + / z f M il K>
A A Le" RAD (2) 1-4" |‘-

15'—g" 2]
E
E ‘ 11°=3"
* 1
°| I )\ D
1” [
— I R 12" RAD (2) [
\/2 _04% +
C 161 SIDE SILL BOTTOM FLANGE c
31/2 ON ¢
() G=1D  THUS
—] 1" 10%" -6 | G-1D  OPPPOSITE B
B B
REV.| DATE | EY DESCRIPTION
RATL. KASGRO CORP
- -
TOLERANGES  UNLESS  NOTED STEEL DETALLS A
A OTHERWISE FOR PIECE DETAILS SR 70 Zil
AF:QBL.IE-I:NS t+1/12/1:E‘I;NR(E:: ORDER NO. ISSUED TO DATE :EL(ED:NH - 1160710
17 | 16 [ 15 14 | 13 1 12 1 11 0 | ¢ 1 8 7 | 6 5 1 4 3 1 2 1 7
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Appendix H-1.11  Steel Details
17 16 | 15 | 14 13 | 12 | 11 | 10 | O | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1
r'z%u Fh"gﬁ DESCRIPTION MAT'L
+ | CAR
K 3—18] 2 [PLT 1" X 24" X ¢'-7 3/16" A-572] K
2 1/8"—= | MUST MEET CHARPY VEE—-NOTCH REQUIREMENTS
J / (4) 5 9;16 ’
1/2" RAD (4
_
2'_o” 1'—0 7/8" Z\Fes"
| |
5 9{16" 5 9{16"
! fq !
] A A ’-1/4 @ B
=10 7/8"-=l=11 9/16" =]
G G
_i_
i V// / B
7/1 6" (2)
< 9’5" SECTION A—A ~
TYP (2)
] 6 3/8” ON __oor—1 5'—0" REF |
CIR' (2) )—‘
, » E
E 2 _9115 -
17—1d”
D % D
i 18" RAD (2)
1"
_ f 4‘ |
—g” +
C C
CENTER SILL BOTTOM FLANGE B
B REV.] DATE | BY DESCRIPTION
RAIL KASGRO CORP
] T lm NEW CASTLE, . B
TOLERANCES UNLESS NOTED STEEL DETAILS A
A OTHERWISE FOR PIECE DETAILS ) 5776
AF:?;BL.IE-I;)NS t+1/12/1:E‘;I;(E:: ORDER NO. ISSUED TO DATE :;l;’(':D:NH o 1eo-m
17 16 | 15 | 14 13 | 12 | 11 [ 10 | © | 8 7 G [ 5 | 4 3 2 K
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Appendix H-1.12  Steel Details
17 | 16 | 15 | 14 | 13 | 12 11 | 10 | 0 | 8 | 7 ] & | | 4 | 3 | 2 | 1
iy % DESCRIPTION MATL
—3 3/4"— —3"— 319| 2 | BAR 3 X 3/8" X 15 1/8° el K
K 20| 2 | BX™ x 3 3/4" %X 1-8 1/18° A-38
{ I r9/1s. 21| 2 | S86X3X%X1/2% 1°-6 5/8° A=500
— ’_l/’r" 322| 2 | BAR 3" ¥ 3° X 2°-5 37187 A-36 |—
e e I I 11/15':I T
J - J
L
— I | -
L
I | I
.
L
: | 1'-6 5/8" - 1'-8 1/1¢ 1-5 1/8"
H I I 3 H
o 2
|| ¢
G | I o G
| ]
—] | -
| 11/16°
" | } 4
7 I f 9/16'—I
COUPLER CARRIER SHIM COUPLER CARRIER SHIM
E T z
.5 13/16" 3 = D
D g” —-—1 f2" TP 1
R2'-6" 3
C \——/ | c
1 11/168"
] 2'-5 3/16" -
B @ COUPLER CARRIER @ STRIKER BAR = — — B
~__RAIL KASGRO CORP _ |
1 mamnsm. wvomme o |
STEEL DETAILS A
A OTHERMSE FOR PETE DETALS
ANGLES :I:i1}2/ I:E;RI.EEH X3 EEW TQB 1160—12
17 I 1 [ 15 | 14 | 13 | 12 11 I 10 I 0 T 8 | 7 | 86 | I 4 3 1 2 1 1
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Appendix H-1.13  Steel Details
17 | 16 | 15 14 | 13 | 12 | 11 10 O | 8 | 7 6 | 5 4 | 3 | 2 | 1
[TEM gﬁg DESCRIPTION MAT'L
3-24| 2 | PLT 1/2° X 18 1,/16" X 7'-9 3/8"| A-572
K 7'_98,' 3-25 4 BAR 5 8/16" X 1° X &'-11 1/2" A—572 K
0 s 3-30| 2 | BAR 2 5/8" X 3/8" X 1"-2 7/8" | A-572
] ! _1% 3-66| 4 | BAR 1 1/2" X 3/4" X 1'-2* A-572 | —
3—-87 8 EAR 8" X 1 1/2" X 1'-0 1/16" A—572
73
J Y e J
— +/ —
| A
1/2" RAD
1'_0? 1‘_6115“ 1/2° X 48
—] 1/47 X 45 _\ —
NS ONLY
H 2‘96.' I H
| 1'-0rg" -
G=3» DRAFT SILL SPACER
¢ W e ¥ G
| I I O [ S |
N . DRAFT STOP ~
—] %-__ e ] g. L —
E e ) 2
&'-113 GUIDE
_ | 1:_2%. .
12"
i A1 T i
C 4 | l G SPACER C
I
a 1-2§" -
TP
o el 1n B
B * 1%‘ % REV.] DATE | BY DESCRIPTION
1” T RAIL KASGRQ CORP
I e = ¥ ——— |
STEEL DETAIILS A
A G- DRAFT SILL FLANGE TRHERWISE FOR PIECE DEVALS S
FRACTIONS +i1/12/ 1 e CHK._NH_| 7718 1160—13
— ORDER NO. ISSUED TO DATE ] APP'D:
17 [ 16 | 15 14 1 13 1 12 [ 1 10 o I 8 1 7 6 | 5 4 3 12 1 1
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Appendix H-1.14  Steel Details
17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | o | 8 | 7 5 | 5 4 | 3 | 2 | 1
NO. EEE DESCRIPTION MAT'L III%M I'!'V‘ER DESCRIPTION MAT'L
3-78 1 PLT 1/2" X 28 1/4° X 18'—4 5/18"| A—633 3-26 1 PLT 1/2° X 28 1/4" X 164 5/16"| A—833 K
K 16'— 451]_%-- 3-78 | 1 [PLT 1/2" % 28 1/4" % 16'—4 5/16"| A-633 3-27| 1 [pLT 172" % 28 1/4" X 16'-4 5/16"| A—633
] CTR LINE BOLSTER REF 7 7/16" 5" B
7:_6%" podes 2’_31_36" 2'_7%" 2 13/16" . \J
J { , | 5 1/4
5%.. . 6%” |__ I l
— - RS | — T 1 | I |
K 3 12 3/4" 3 . 4" ! BEND UP
SLOT A SLoT B ! 8 = e 79.3 -8 7/16"
- e - | |
R ' } Pt M
R1'—6" 6 1/2" == 5/8" X 3/8" 3 . S
ht— 1" — 1" —m 3 X1 (3) o
- > — —38 7/8”
H - Fl_AT PA—l_I—ERN % 1'-3 5/16" / H
" % m l=—4 9 16”
N 16 + (G—2) SHOWN WITH SLOT A |
303"
4 (G—28) BEVEL AND BEND OPPOSITE WITH SLOT B
G 4B 3-8]" G=78 SHOWN NO SLOTS G
_ G=79 BEVEL AND BEND OPPOSITE NO SLOTS .
2 7/8"
< A K>
1 -
1/2" INSIDE RAD (2)/
" | 51/2" B
1'-3 7/16 RE,/__
E
E 16’—0?"
| D
|
D CTR BOLSTER REF -
_ SLOT A sSLOT B | = |
2'—4%" [ T, o) [
C C
| DRAFT SILL WEB |
Q=22 SHOWN WITH SLOT A 5
B
(G-28) BEVEL AND BEND OPPOSITE WITH SLOT B RV DATE | B DESCRIETION
RAIL KASGRO CORP
] (G—78 SHOWN NO SLOTS Somens e |
ulmg. mcns'né,m
(=79 BEVEL AND BEND OPPOSITE NO SLOTS STEEL DETALLS
A TOLERANCES UNLESS NOTED A
OTHERWISE FOR PIECE DETAILS ) 7l
FRACTIONS + 1/18 INCH i
ANGLES + 1/2 DEGREE ORDER NO. ISSUED TO DATE 2:'"P(':D:NH — 1160-14
17 I 16 | 15 | 14 1 13 [ 12 T 11 1 10 | & 1 8 | 7 6 | 5 [ 4 3 2 1
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Appendix H-1.15  Steel Details

17 | 16 | 15 | 14 | 13 | 12 11 | 10 | O | 8 7 6 | 5 | 4 | 3 | 2 | 1
r'z%u Fh'll-% DESCRIPTION MAT'L
* | CAR
APPROXMATE SIZE | 3-28 | 1 | PLT 1/2" X 28 1/4" X 30'~4 3/8"| a-572 | i
K APPROXIMATE SIZE [ 3-28 | 2 | PLT 1/2" X 28 1/4" X 30'-4 3/8"| A-572
3-23| 1 | PLT 1/2" X 16" X 30'=4 3/8" A-572
J J
] 29'_5%" |
'——1'—11" 117=14g”
— N 3" DIA 3-23 ONLY |
2'—4 1/4"
| i T
H ) -
T 1
] CENTER SILL WEB 2} : —
G289 AS NOTED 9'-10y"
G G2) AS NOTED 3-28 ONLY G
< >
— 29'_5%" [
E A A T -
_ f i1t L
1 A A
D D
SIDE SILL WEB
c 1/2" CAMBER CUT INTO ALL WEBS C
" I
1/8” TYP *”*1 /4
# , '
— B
B * J REV.] DATE | BY DESCRIPTION
1 / 27 RAIL KASGRO CORP
| |
181 mg BD. NEW CAS'HA, PA
SECTION A-A TOLERANGES  UNLESS  NOTED STEEL DETAILS A
A OTHERWISE FOR PIECE DETAILS TR 10 7l
17 | 16 | 15 | 14 | 13 | 12 11 | 10 | Q@ | 8 7 6 [ 5 | 4 3 [ 2 I

Page H.1-16

February 2, 2018 |



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

Appendix H-1.16  Deck Plate
17 | 16 | 14 | 12 | 11 | 10 O | 8 7 | 6 | 5 | 4 | 3 | 2 | 1
[TEM Bk DESCRIPTION MAT'L
- | CAR
K 3-32| 1 PLT 3/4" X 128" X 80'—0" A-572 K
J J
_ -0 —
_3"
211 1/1 6" —] 5'_5 3/4:: 8ECEA||;L§L|E) CUTOUT TYPICAL
H . H
-—36 5/16 5'—4
— ¢5" (2) |
108"  9'—6 1/4" — - - - - - - - - -o—- -
G B6"RAD 2” RAD G
" 3" RAD 10 3/4"
] /7 ¥ e 6" RAD—\XY 6 5/16" |
< f | * * k>
6 7/8"
B P ~—3'—10 3/4” B
5'—7 3/4"~
E E
D
D 3/47-
C (3-32 DECK PLATE C
CORTRAGT KABORG. ENANEERING FOR SPLIOE. PREF.
B B
REV.] DATE | EY DESCRIPTION
RAIL KASGRO CORP
] T . KEW CASTIE, o
DECK PLATE
TOLERANCES UNLESS NOTED A
A OTHERWISE FOR PIECE DETAILS ) il
mns ti1 /1"’/1;5!;:(;: — —— — :;Ig’:D:NH 7/16 1160-16
17 | 16 | 14 | 12 I 11 1 10 ¢ I 8 7 | 6 5 | 4 3 2 K
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Appendix H-1.17  Steel Details
17 | 16 | 15 | 14 | 13 12 | 11 | 10 O | 8 | 7 | 6 | 5 | 4 3 | 2 | 1
oM Pk DESCRIPTION MAT'L
- | CAR
K 3—33| 1 |PLT 3/8" X 14 11/18" X 3-8 3/8" | A—572
3-8 3/5" " . 3—34] 3 | PLT 3/8" X 14 11/168" 4'-D 3/18™ | A—572
3/47 X 45" (4) 3—35] 3 [BaR 6" x 1727 % 35 A—572
— 3 5/16"—= 2'—0" . 3-36) 1 |BAR €7 X 1/2" X 30 1/4 A-572
rz 3—37| B |BAR 7" X 3/B" X 0'-8 3/16” A=36
J t & & 3—38| 22 | BAR 77 X 3/8" X 0"—10" A-36
) 3'—0 1/4" 3—36 3—41| 4 |BAR 4" X 1/2° X 3—5 3/4" A—36
8 3/16 11/16" DIA (2)—/
_| l 1'=2 11/18"
35" 3-3
* /
6"
— §
4 1/16"— [~—5"
H A
(=33 END SIL wEB 1/1e
| END SILL FLANGE
G
] 4-0 3/16" 3/47 X 45 (4)
3 5/16"—= 2'-0" / 7" 77—
. " . 1/2" X 45 (2
- r ! /1/2 X 45 / / (2)
® *
8 3/16" . S/ { i
— 11/16" DIA (2) T
1'-2 11/18" 1"] 1 8 3/18"
10"
E
] 3 1/4"— S 1"*‘ N 3"-" —-—
END SILL WEB
D
GUSSET G-3D GuUsSET
] | 1'—" | ] e 4"
C 3"—‘ 1" —0" —=| ‘ -—I 2"
B o Dﬂ e r'n \—11 16" DIA (2
/ ( ) REV.| DATE | BY DESCRIPTION
—A, L RAIL KASGRO CORP
pu— f 1n .-.. KW GasTIz, -.'. (]
1/2" RAD (4) TOLERANCES UNLESS NOTED STEEL DETALS
A SILL STEP OTHERWISE FOR PIECE DETAILS R 7T
FRACTIONS + 1/16 INCH i
ANGLES £ 1/2 DEGREE T R W3 e 1160-17
17 1 16 | 15 [ 14 [ 13 12 | 11 [ 10 ¢ [ s 1 7 1 6 | 5 | 4 3 2 1 1
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Appendix H-1.18  Steel Details
17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | o | 8 7 | 6 | 5 | 4 | 3 | 2 |
oM Pk DESCRIPTION MAT'L
- | CAR
3—-39 1 PLT 1/2° X 16" X 15'-3 11/187 A—-572 K
K 3-40| 3 |PLT 1/2° X 16" X 15'=3 3/8" A-572
15'-3%"
J % rz" 2'-0" —2 1/16’; J
] + _f_+\ * 8 1/4" —
1—4" R1'-0" C !
\/-\ 11/16" DIA (2)
_| R1'—1" |
+
H — 1’5" ——{e——2'—6 13/16"——I H
_| SIDE SILL WEB |
G G
1/8" ON CTR LIN
] AT 9.3 (2) |
3-10 11/16"
1'—11 3/4" \ "
< r rs 7/8 .
. \ " N\
| } f f |
9'—5" 1/2” INSIDE RADIUS (2)
E E
— 15'-38" REF B
rz” -—1’—4"——l —2 1/16"
D + f \ * B 1/4" D
] 1-47 R1'—0" \_ [
\/\ 11/16" DIA (2)
C R1'—-1" C
+
— 15" —=f——2'-6 13/16"——| —
B
B @ S| DE Sl I—I— WEB REV.| DATE | BY DESCRIPTION
RAIL KASGRO CORP
— |
lﬂlml_l. N'I'GAEI'I_S,PA
STEEL DETAILS
TOLERANCES UNLESS NOTED A
A OTHERWISE FOR PIECE DETAILS T =76
AF:?;CI.]E-I;) " ii‘|/1 2/1§Eé:g: ORDER NO. ISSUED_TO DATE 2;:;0 = 018 1160-18
17 [ 16 | 155 | 14 | 13 | 12 [ 11 1 10 [ ¢ 1 8 7 | 6 [ 5 [ 4 3 o2 1 1
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Appendix H-1.19  Hand Brake Details
17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | o6 | 8 7 | 6 | 5 | 4 | 3 | 2 | 1
[TEM gfg DESCRIPTION MAT'L
1=34 3 JAW FOR 3/4" ROD 1028 K
K | 7'—11 13/16" 1=-351 1 EYE FOR 3/4" ROD 2556
— 4"‘( 7'=6 9/16” 3-45| 1 | 3/4" DA 7-6 9/158" A-36  |—
3—46 1 3/4" DA X 8'-3" A-36
3—47 1 w8 X 18 X 3'-5" A-36 J
\.J 3—48 1 PLT 3/4" X 7" % 3-5 15/18" A-572
BRAKE ROD
e 33 7/16"
H I s qqm | i
-1 2'-2 3/16"—=
47 (2) §-3" | ‘
R1 1/4" R1 1/4"
G | \( / G
4%,,_‘3
N @ R3 1/2" 1 1/8" DIA DRILL (3 B
(1-39) (1-34) ROTATE DOWN 35° / ©
< >
| BRAKE ROD _: u
3/4"
CHECK ORIENTATION OF e
E JAWS PRIOR TO FINAL WELDING
B HAND BRAKE LEVER |
D D
3-5" 5 1/4" REF
2 5/8"—‘ —
C C
T _ -
8 1/8" REF 1/2" RAD
- t NIt |
B REV.] CATE | BY DESCRIFTION
B STIFFENER RAIL KASGRO CORP B
HAND BRAKE DETAILS
TOLERANCES UNLESS NOTED A
A OTHERWISE FOR PIECE DETAILS T T77E
AF:?;CJE'I;)NS ti1 /12/1;-: (I;:(E:: — T g;lg’:mnn 7/16 1160-19
17 1 16 | 15 | 14 | 13 1 12 [ 11 T 10 T ¢ | 8 7 | 8 5 1 4 3 12 1
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Appendix H-1.20  Brake Badge Plate
17 16 | 15 | 14 | 13 | 12 | 11 | 10 | O | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1
I:;%_‘ g% DESCRIPTION MAT'L
K 1-38| 1 | 18 GA X §" X 1'—1 1/4" SEE NOTE| ¢
J J
1"—1 1/4”
— 5/8" 11_0n B
" 5/16” LETTERS
i r1/4 ’/_ . i
H 4 T HAND BRAKE LEVERS
| s Ve sed  ELCON NATIONAL 7900 =
G i [ 13 1/4” 18 7/8" @ G
5 ' 13 3/16 N
B 26 3/16" 57/8 5 7/8" \ B
.5/8" DIa (2)
< ™~ 3/16" LETTERS <
a L 4 PISTON TRAVEL 47 MAX ) B
ym
£ 3/8" LETTERS F
D D
NOTES: 1. MATERIAL TO BE STAINLESS STEEL
| 2. LETTERS , NUMBERS, AND DIAGRAM ON |
STAINLESS STEE TO BE ETCHED IN BLACK
3. VENDOR TO PROVIDE SAMPLE OF LAYOUT
C FOR APPROVAL BEFORE FABRICATION. C
4, DO NOT SCALE DRAWING.
B B
REV.| DATE | BY DESCRIFTION
RAIL KASGRO CORP
] a1 BONDIE B0 __WEW casTIZ, ¢ —
BRAKE BADGE PLATE
TOLERANCES UNLESS NOTED A
A OTHERWISE FOR PIECE DETAILS ) e
mNS it1 /1 2/1;3:!;2: — @K?SJRE:O szT;g :gg':D:NH /16 1160-20
17 % | 15 [ 14 | 13 | 12 | 11 1 w0 I ¢ 1 8 | 7 1 8 I 5 | 4 3 K
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Appendix H-1.21

Hand Brake Steel Details

17 | 16 | 15 | 14 | 13 | 12 | 11 10 | O | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1
1'_0 1/4_” I:;%M EAI% DESCRIPTION MAT'L
1 1/2"—= -— 3-49| 1 |BAR 3 1/2" X 1/2" X 1'-0 1/4" | A-36
K 3—50 1 PLT 1/2' Xe 5/15' X 1'-0 1/4' A—36
J!_ 3-51 1 PLT 1/2" X 8 3/16" X 1"-0 1/4" A—-36
— | 3-52| 1 |BAR 5 1/2° X 172" X 0°~7 1/2" | A-36
Ty | 3-53| 1 |BaR 5 1/2° X 172" X 0'=7 1/2° | a=36
1/2"—] le—4 1/4"—=] (+) I
J |
__________ ————
] -3 1/47 =] i
TYP
e i
~ fe—————————1"—0 1 /4" ————————
H
— 1”
‘KE“ e
— ~%_ —
- B ] 7 1/2"——
° iy T : = ) 9 3/16"
— P
1/4 - -~ )
2 1/8" + n
< @{ 1 3/32" PIN MUST PASS l ‘
THRU HOLES AFTER WELD @ |
] 1 3/18" 1 7/8" R2”
LEVER BRACKET
E <,
] BRACKET SIDE PLATE
D 7 1/2"
— 1 1/2"_— et —
C
5 1/2" 4
B 2 13/1 6" 2 9/16" REV.] DATE | BY DESCRIFTION
RAIL KASGRO CORP
| LEVER BRACKET PLATE T ——
181 BUNDLE ED. NEW CASTLE, PA
A (:::) ( :{:) \—1 1/8" DRILL TOLERANGES UNLESS  NOTED HAND BRAKE STEEL DETAILS
OTHERWISE FOR PIECE DETAILS DRET0 Zil
FRACTIONS + 1/16 INCH i
ANGLES + 1/2 DEGREE T S50 SATE :;'L(ID:NH 716 1160-21
17 | 16 [ 15 | 14 | 13 | 12 | 11 w | ¢ 1 8 1 7 1 6 1 5 [ 4 3 | 2 | 1
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Appendix H-1.22

Hand Brake Details

17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | O | 8 7 | 6 | 5 | 4 | 3 | 2 | 1
IL%M ggg DESCRIPTICN MAT'L
1 1/8" DIA THRU 4 5/8" 3-54 | 1 | BAR 4 1/2" X 1/4" X 06" 38 | K
K AFrER WELD 3—-55 1 PLT 3/8" X 15 13/16' X 1'-2 13/18" A-36
T 3-56 1 PLT 1/2" X 14 13/16" x 2'-3 5/87 A-38
_ @ /4 + 4 15/186" 3-57 | 1 | PLT 3/8" x 5 5/16" x 1'-3 11/16" A-36 |—
\ /4 3-58 | 1 | BAR 4 1/2" X 1/2° X 0'—11 1/4" | A-36
» 3-59 1 4" DA X 1 1/4' THK A-36
J . > R r° rer J
L T \7‘ // 1'-3 13/16” @ 6
_| 2 7/8" ’ | |
& +
] 5 3/4"«] - [
12 13/16"—=
9 3/4" H
H m ¥
I 37/8" (3=55 HANDBRAKE PLATE
] Il @ [
9 5/16" Il T
7] I G
G 3TN I 7 13/16"
o \ ” 1
\ Y/ [ , ” L
—] ) L o | 2'-3 5/8
5 1/2 I . 116" 7 13/16" e
< / / >
}
) ” 3 8"
— L3 y 359 /4 -
G=5% 7 13/186" ®
11" 2" RAD "
CENTER ON WEBS 3/16 10 13418
E 1'-2 13/186” 7/8" RAD— 7 13/16"
HANDBRAKE BRACKET - (2) \ B
5 3/4" e
D —= ’—4 1/2 D
| __5-:4‘ 4 15/16" [
—1"=3 11/16"— 13/16" DIA (2) °
C » u
7 7/8"—=||=—3/8 " i
. HANDBRAKE PLATE
] /2 |
| " 13/16" DIA (2)
3 5 5/16” 3 o I B
1 T S L . REV| DATE] BY DESCRIPTION
Y —i=—3/8 RAIL KASGRO CORP
— S | B RT 13/16" Ty T S
HANDBRAKE GUSSET HAND BRAKE DETAILS A
A TOLERANCES UNLESS NOTED
(3=5D HANDBRAKE PLATE O FOR PECE T bRe % | 7718
ANGLES +1/2 DEGREE - I M ::;:D:JO 7/18 1160-22
17 I 1 1 15 1 14 [ 13 [ 12 [ 11 [ 10 [ 0 | 8 7 | 6 | 5 1 4 3 1 2
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Appendix H-1.23

Air Brake Steel Details

17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | O | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1
meM | NO.
le— 5" REF — NO. EEE DESCRIPTION MAT'L
eab N 3-60| 1 |BAR 8" X 1/2" X 0'—11 1/4"| A-36
K @ ? P11 1/16"(2) 3-61| 1 |BAR 8" X 3/8" X 0'—10 1/2"| A-36 K
[ 382 1 |ANGLE 5 X 5 X 3/8 X 0'—8" | a-38
— | 363 1 |ANGLE 2 X 2 X 3/8 X 0'-5" | A~-36 |—
C\J( | i~ 1/16" 3-78] 2 [ANelE 2 X 2 X 174 X 1—2 1/8" A-38
/ m’/" ’
B 8" o : B
g | 3/4" DIA
1M1 1/4" 9” 4 I /
I 5"
| q_),i r 3/4”
5 7/18" 3 13/16" ¥
H JAA L H
1L/
- 1.1/4”
| 11/8" | [
[—— 6 5/8" ——
/ BR PIPE TEE BRKT G
G 5" REF
_ 3/4" x 45 |
< >
1"—24"
] RESERVOIR SUPPT BRKT |
£ 1'-03"
8 B
E E
] 10 1/2 " ) , /o [
: 3/16 ‘; |
D 9/16" DIA (2) —/ D
. VALVE SUPT B
C [ 1 C
1/2" 1
_ o |
B
B REV.| DATE | BY DESCRIPTION
RESERVOIR SUPPT BRKT e O
| 181 BUNDIS B0 NEW GASTLE, PA [
AIR BRAKE STEEL DETAILS A
A OTHERWISE FOR FIEGE DETALS T
m * ii1/1 1{1:?1-::::@: [ ORDER_NO.| |SSUED_TO DATE ggg':n:NH 2118 1160-23
17 I 16 | 15 | 14 | 13 1 12 [ 11 [ 10 T ¢ | 8 | 7 1 6 | 5 [ 4 3 1 2 1
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Appendix H-1.24  Air Brake Steel Details

17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | O | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1
meM | NO.
NO. PER DESCRIPTION MAT'L
CAR

K 6 4n 3—64 1 ANGLE 4 X 8 X 1/4" X 0'—8" A-38 K

” 3-85| 2 |BAR 3 X 3/8" X 10 3/4" A-36

i 13/4 . . 388 1 |1/2" DA X 123 3/8" A-38
— 21/8 3 <3 ™ 369 1 |BAR 1 374" x 172" X 01 374" | a3 |—

5 —
18" DIA 1
J 7/ N 2 5/16" (N J
\‘e & i 3/8" RAD
] i 8" 4 7/8" —
2‘" 7/1 6:1
8 3/8"
\ 1 N /
™~—1/8" RAD (4) 1
— 2 1/2" —
11/2" = |3 | L
— -_1/4”

H I H
— 3/87 ] == 1 3/16" == [=5/8" —

. RETAINING VALVE SUPPORT 5
RELEASE ROD BRACKET

9'—4 1/16"

2'—5 1/2" REF 11 3/8" 2—6 1/4" 11 3/8" 2'-5 1/2"

;n '+'
: = ®
D @k 1 .  REF D
1/2" INSIDE RADIUS (TYF’) 8 51/16
C
C —] a1 3/4"
— 3/8" DIA\ —
)
. LN e RELEASE ROD _
| ¥ REV.| DATE | BY DESCRIPTION
o K] RAIL KASGRO CORP
— ~—7/8" o oo . e asma e |
AlIR BRAKE STEEL DETAILS
A RELEASE ROD BRKT T NS dore A
FRACTIONS + 1/18 INCH gmf :ﬁ"‘ ;ﬂ: 1160—24
ANGLES + 1/2 DEGREE [ ORDER O] ISSUED_TO DATE|APP'D
17 | 16 | 15 | 14 | 13 | 12 [ 11 [ 190 [ ¢ [ 8 | 7 1 66 | 5 | 4 3 |1 2 1 1
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Appendix H-1.25  Pipe Details
17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1
meM | NO.
NO. PER DESCRIPTION MAT'L
3-2 1/8" CAR
4=1 1 | 3/4 scH 8O PIPE X 3'-10 §/16" A-53 K
K 10 13/1 6" ON 4-2 1 | 3/8 SCH BO PIPE X 210 3/8" A-53
¢ @ 103.1° 4-3 1 | 3/4 SCH BO FIPE X 4'-3 15/16" A-53
— TRUE LENGTH 1-42 | 4 | 3/4 SOCKET WELD FITTING 56256 |—
TRUE ANGLE 25 5/18" 1-43 | 4 | 3/4 GASKET 93841
TRUE LENGTH o l—9/16” J
\.J 1—44 2 3/8 SOCKET WELD FITTING 565252
1=-45 2 3/8 GASKET 93838
1'-c3" L,
41;6,, :': g 7/16" ON CTR LINE
- v
] * |
5 1/2" 90.00° _ H
H (== 18.3 i
1 7/8" ON CTR z
— LN (TRUE ANGLE i —
AND LENGTH)
G - - G
2 7/8"
] TL=48.25" Bg — |~—9/16" TYP [
N AUXILIARY PIPE = -
| + . -
’\ 4" on CTR 6" CTR LINE RAD (2)
To
SRS E
E T // A\ — 0, /
— &% 3" RAD (2) j 31 /B"J L\ [
l | | 2'—4 11/16"
5 o= I TRUE LENGTH 5 3/4 D
7@ . 50T
@@ -8 1/2" 8/16" ON CTR LINE
3'—4 13/16™
C C
EMERGENCY PIPE
=
B
B 1’—E4—&" REV.] DATE | BY DESCRIPTION
RAIL KASGRO CORP
— ) O O sEeNeNe) —
181 mg RD. NEW (:As‘ﬂé, PA
REI'AINING VALVE PIPE PIPE DETAILS
A TOLERANCES UNLESS NOTED A
OTHERWISE FOR PIECE DETAILS TR 10 il
FRACTIONS + 1/18 INCH =
ANGLES t_1/2/ DEGREE I oRDER Wo.] ISSUED_TO DATE .3;'550:"” - 1160-25
17 | 16 [ 15 | 14 [ 13 [ 12 | 11 | 10 | I8 | 7 | 6 | 5 [ 4 3 | 2 |
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Appendix H-1.26  Pipe Details

17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | O | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1

[TEM gﬁg DESCRIPTION MAT'L
K 4-5 | 1 |1 1/4 scH 80 PIPE X 4'-2 3/4" A-53 K
1-48 2 11 /4- SOCKET WELD FITTING 565282 J

J 1=47 | 2 | 1 1/4 GaASKET 94780
H H

3'-9 9/16"
G 9 7/16" ON | 9” G
CTR' LINE 45.00° @
<> B H >
| + [
s 58 12" CTR LINE RAD
. @) 3
—{ |—9/16” (2) +

TRAIN LINE PIPE X

(W}
[mimiml

| @ . 45.00° [
9

C C
3 B
REV.] DATE | EY DESCRIFTION
RAIL KASGRO CORP
RO ASoRD AL CORRORTOR, -+ T LSS PIPE DETAILS
A THESE ok HE5% oiona E— A
m% ti1 /12/1;-::;:(;: — — - z;lg:D:NH 7/16 1060—-26
17 | 16 [ 15 | 14 | 13 [ 12 | 11 | 10 [ @ | 8 7 G [ 5 | 4 3 [ 2 I 1
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Appendix H-1.27  Pipe Details
17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 O | 8 7 5 4 | 3 | 2 | 1
10'-5 1/8" r,,';%’f Pk DESCRIPTION MAT'L
@ 4—6 1 3/4- SCH 80 PIPE X 2'-9" A-53 K
K oot 5" ——temi 4—7 | 1 [ 1 scH 8o PIPE X 1—4 1/27 A-53
7 1/16" ON CTR LINE / 48 | 1 | 3/4 SCH 86 PIPE X 116 3/4 A-53
— 90.00° 1-42 | 2 | 3/4 SOCKET WELD FTTTING 565256 |—
1-43 | 2 | 3/4 easkeT 93841
1-48 | 2 | 1" SOCKET WELD FITTING sesa%e |
J 1—49 | 2 [ 1" caswer 93986
1-50 | 2 | 3/4 SOCKET WELD FTG NO GASKET | 580042
] 4 1/2" CTR LINE RAD -
8 374" =7 1/4”
/16" Tvp 6" CTR LINE RAD\
i 1 z |
—] 90.00 —
9 7/16” ON CTR LINE
. . 9 7/16" ON
G -0 5/8 CTR/LINE G
] (4-8) BRAKE PIPE 20.00 n
< K>
£ fe————1'—4 1/2"—97-1—6-- (2 E
— 4 1/2° @ 2'-3 1/8" -
= a 1'-9 1/8"
°f @ - ’
1 & 1D e i
i _— (-4
C & — 4 1/2" RAD (2) @ C
_ 4 5/18"—= - 35.21° 3 13/16" B
3 Zz 3/4" ON CTR LIN BRAKE PIPE B
(2) REV.| DATE | EY DESCRIPTION
RAIL KASGRO CORP
—] | —
181 mg RD. NEW Cls'ﬂi, PA
@ BRANCH PlPE PIPE DETAILS
TOLERANGES UNLESS NOTED A A
A OTHERWISE FOR PIECE DETALS e T
iy St m— P A o i P
17 1 16 | 15 | 14 | 13 | 12 | 11 [ 10 ¢ | 8 7 5 4 L
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Appendix H-1.28

Brake Pipe Details

17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | O | 8 | 7 | 6 | 4 | 3 | 2 | 1
I:;%’f gl?g DESCRIPTION MAT’L
1—42 2 3/4 SOCKET WELD FITTING 585256 K
K 1—43 2 3/4" GASKET 93841
4-9 1 3/4 SCH BO PIPE X 510 3/18" A-53
\J i \J
3 7/8" ON CTR LINE
TRUE LENGTH (2) \
37, 8 7/18" "
TRUE LENGTH
36.66" 6 1 /15,"‘i
B—7
T 4 9/16" [
H H
— 8" CTR LINE RAD (TYP) | 16 1/8" 370 —
G 1'—4 5/8" G
—] — l=—9/16" (2) -1 778" |
< . < >
" 36.66" @
/ 3 13/18” ON CTR LINE @ E
E (2)
H—7
—
— 4" I
ufl *
D @ D
] @ 51_101Jgn |
C C
— BRAKE PIPE —
B B
REV.] DATE | EY DESCRIPTION
RAIL KASGRO CORP
] o B . v oenm e |
BRAKE PIPE DETAILS
A TOLERANCES UNLESS NOTED A
OTHERWISE FOR PIECE DETAILS TR 10 7l
NOES it1/1 "’/1:“":2: ORDER RO, SSUED 10| DATE ST - 1160-28
17 | 16 [ 15 | 14 | 13 | 12 | 11 | 10 | ¢ | 8 7 | s I 4 3 [ 2 |1
Page H.1-29 February 2, 2018 |



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

Appendix H-1.29

Air Brake Details

17 16 | 15 14 | 13 | 12 | 11 10 | O | 8 | 7 | 6 | 5 4 | 3 | 2 | 1
[TEM Bk DESCRIPTION MAT'L
- | CAR
1—42 1 3/4- SOCKET WELD FITTING 565256 K
K 1-43 | 1 | 3/4 caskeT 83841
1-50 1 3/4 SOCKET WELD FITTING NO GASKET 580042
— 4-10 1 3/4 SCH BO PIPE X 3'-11" A—-53 —
4 1/4"
J . 105.68" J
9/16” (2) «‘ - 8 5/16” ON CTR LINE
H / 6/7\
4 1/2" CTR—/
—] LINE RAD (2) -
1'=1 7/8"
/ 11 15/16" H
H
o digh A B
G
G fe——1"—2 1/8"——
e 1'-8 13/16"———— »
< 7 1/16” ON CTR LINE ~
‘\ TRUE LENGTH AND ANGLE
80.0C°
| | |
EI._I
E E
D D
C C
o 2’-1 5/16" B
B B
REV.| DAIE | BY DESCRIPTION
RAIL KASGRO CORP
| BRAKE PIPE T |
AIR BRAKE DETAILS
A TOLERANCES UNLESS NOTED A
o TOR PIECE DET e Bre. 90| 7716
+ 1/16 INCH 3 ~
ANGLES + 1/2 DEGREE oREE o] 5055 10 TATE :Eg:D:NH /18 1160-29
17 16 | 15 14 | 13 | 12 T 11 1w | @ 1 8 7 I 6 5 4 3 [ 2 I
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Appendix H-1.30

Air Brake Details

17 16 15 14 | 13 12 11 0 | o | | 7 | 6 -
meM | NO.
NO. EEE DESCRIPTION MAT'L
- T Y 1-50 | 2 | 3/4" SOCKET WELD FTG (NO GASKET) 580042
K 30 57 ;46 4-11 1 3/4 SCH 80 PIPE X 16'—-3" A-53 K
4-16 1 1 1/4 SCH 80 X 7'-5 7/8° A-53
—_ 1—46 2 1 1/4 SOCKET WELD FITTING 565262 f—
= ?7/ //is—
1—47 2 1 1/4 GASKET 94790
J J
6" CTR LINE RAD (2)
| £ ’ -
— e 307 —
B8'—10 7/16" 3 1/8" ON CTR LINE (2)
H H
16'=1 ¥g”
G BRAKE PIPE G
< >
7’_7"
E
E —] [~—9/16"
TYP
D D
Q=42 TRAIN LINE PIPE A=4D
C C
B B
REV.| DATE | BY DESCRIPFTION
RAIL KASGRO CORP
— () (3 ¢) {7 3 {3} ¢) ) —
181 ml_l BD. NEW cnsrg, Pa
AIR BRAKE DETAILS
TOLERANGES UNLESS NOTED A
A OTHERWISE FOR PIECE DETAILS ) il
FRACTIONS + 1/18 INCH _
ANCLES + 1/2 DEGREE e So 10 | o 2§§:D:NH 118 1160-30
17 16 15 14 | 13 12 11 0 | Q0 7 1 8 4 3 12 1 1
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Appendix H-1.31

Air Brake Details

17 6 | 15 | 14 | 13 | 12 | 11 | 10 | ¢ | 8 | 7 | 6 5 | 4 | 3 | 2 |
| 1 | 1 1 | 1 | | 1 | | T = — -
1—42 2 3/4- SOCKET WELD FITTING 565256 K
K 1-43 | 2 | 3/4 GASKET 93841
4-12 1 .'5/4- SCH 80 PIPE X 7'-2" A-53
2 9/16" ON CTR LINE
| V-2 7/8" @ 24.42 TRUE BEND J
/ TRUE LENGTH
] 9 7/16" ON 1'-0 13/16" [
CTR LINE 50 TRUE LENGTH
9/16” TYP — 6 11/16
— 6’ CTR LINE RAD (TYP) —
: 0
H H
] 10" 9 5/16" |
39.97°
TRUE ANGLE
5 p=1 4 3/16” ON CTR LINE G
5'-8 3/16"
< >
E E
L =1 1/2"
1'=7 7/16"
D TRUE LENGTH . D
LE ’
35.00° .
10 1/8
C 3 11/16" ON CTR LINE @ c
BRAKE PIPE
B B
REV.| DATE | BY DESCRIFTION
RAIL KASGRO CORP
| um. KEW CASTLE, PA [
AR BRAKE DETAILS
TOLERANCES UNLESS NOTED A
A OTHERWISE FOR PIECE DETAILS SR 10 il
FRACTIONS + 1/18 INCH —_
| ANGLES £ 1/2 DEGREE — T :;I;.D:NH 7/18 1160-31
17 6 | 15 [ 14 1 13 I 12 I 11 I 10 | 0 1 8 7 1 6 5 | 4 3 o2 1 1
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Appendix H-1.32

Air Brake Steel Details

17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | O | 8 | 7 | 6 | 5 | 4 | 3 | 2 |
meM | NG.
, . NO. EE& DESCRIPTION MAT'L
=7 3—6B 1 PLT 3/8" X 7 3/8" X 25 1/2" A-36
K 6 5/1 6" 3-69 1 PLT 3/5' X7 1/2' X 1°-8 S/B" A-36
2 1/4"—= 3-70| 2 | PLT 3/8" X 4 5/16" X B 3/8" A-36
—_— r1 7 ‘ 3-N 2 DRAWING D-1003-33
- 1 3/8" 3-72| 4 [BAR 5" X 3/8" x 08" A-36
T @ o 31 Z 2 3%:: I 3-73| 4 [ 2 1722 1D x 3/8" ROUND RING A-36
\J 53 8" 1 7%" r.] 3/8” 4-13 2 11/4 SCH 80 X 1" 3 7/8" A-83
— E—{ =
_ 5 | L e ;
J i T 3-72
11/16" DIA (4} 1 15/16" { 7 7/16" ] 6 1|/4" 9 1/8"
i _ , __ [+——L3]
1/4 ———=—==13
1/2" X 45 CHMFR 7 s 7/16"
— / IN 3—69 {
S = i 2 TYP
G 3/16
o——<TYP
<
ABDW SUPPORT BRKT 6 1/4" 6 1/4" 3/18
THREAD BOTH ENDS 1 1/4 NPT @ - 1'-3 7/8"—=
E — 5" ——
., HOSE SLIDE BRACKET ASSEMBLY
] w8 3/8"—=] Lo a72 @
3/4"—
2 3/8"— | )
r‘l
D ; T g2 1/2"
a/16" 4 4 i
— 4 5/16" { i & t 3 5 n
s A, * & F ‘
1 1/4"J Z 21/ 8’;6 B\
C ) #15/16" (2) 7/16" DIA (4) 5z
[~—5"—= @ RING SUPPORT
SLIDE BRACKET PLATE @SLIDE BRACKET PLATE
B REV.] DATE | BY DESCRIPTION
RAIL KASGRO CORP
p— () {3 () (T ——11 {} () (3
181 BUNDLE ED. NEW CASTLE, PA
OLERANGES  UNLESS NOTED AIR BRAKE STEEL DETAILS
A OTHERWISE FOR PIECE DETAILS SReTo 7l
FRACTIONS + 1/16 INCH ;
ANGLES + 1/2 DEGREE AT RN T3 :;';’D:NH 118 1160—-32
17 | 16 [ 15 | 14 | 13 | 12 | 11 | 10 | ¢ [ 8 | 7 | l 5 | 4 3 | 2 |1 1
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Appendix H-1.33

Air Brake Steel Details

17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | O | 8 7 | 6 | 5 | 4 | 3 | 2 | 1
meM | NO.
NC. SEE DESCRIPTION MAT'L
3=71| 2 | 1/2" DA X 4'=3 3/16" A-36
K 3-74| 2 | ANGLE 3 X 3 X 1/4 X 0'=10 13/16" A-36
—10 13/16"—= 376 2 | BAR 5" X 174" x 1'—1 578" A-36
—_ ” 3-77 2 BAR 8" X 1/4" X 0'—10 3/4" A—36
6 11/16 3 1/8"
’ +
| a e
1 1/4”J
\—11/16" DIA (2)
ANGLE COCK SUPPORT BRKT
— 5 3/8"
H %
] B . le—10 3/4"—
G
" » CENTER ON
1/8 5 1/2 1/2u @ 3—75
2 15/16"
<3 #11/16" (2)
5 3/16"
] e ———————1'—7 7/8" 8"
oA — 1
6 13/16" /\ I\J 2 1/16"
E _ 1/4"- / L 3 1/16" f
] 76 1/2 X 45 S )
f ' 7 1/2" /
\ 4 1/8"
D -—5"—-
D/ —*—_ - @ UNCOUPLING BRACKET
C
] @ SLIDE BAR
ALL CENTER LINE RADI = 3/4"
B DIMENSIONS TO CTR LINE OF ROUND
REV.] DATE | EY DESCRIPTION
RAIL KASGRO CORP
|
mmgn. mms‘ni.n
TOLERANCES UNLESS NOTED AIR BRAKE STEEL DETAILS
A OTHERWISE FOR PIECE DETAILS TR 10 il
FRACTIONS + 1/18 INCH i
ANGLES + 1/2 DEGREE AT E SATE :;':,(.'D:NH 118 1160-33
17 | 16 [ 15 | 14 | 13 | 12 | 11 | 10 | ¢ | 8 7 | 6 | 5 [ 4 > | 2 |1 1
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Appendix H-1.34  Pipe Details
17 | 16 | 15 14 13 12 | 11 | 10 | | 8 7 6 | 5 | 4 | 3 | 2 | 1
- TEM | NO.
NO. EEE DESCRIPTION MAT'L
4—14 2 1 1/4 SCH 80 PIPE X 14'-8 3/4" A-53 K
K 10'=10 13/186" AM|4-15] 2 | 1 1/4 SoH 80 PIPE X 6'-7 3/16° | A-53
, " A 4—18 2 1 1/4 SCH 80 PIPE X 8'-8 11/16™] A-53
] =—1'—8 15/16"—= 1-73| 6 | 1 1/4 SOCKET FTG NO GASKET 582474 |—
1—48 4 1 1/4 SOCKET WELD FITTING 585282
1-47 4 1 1/4 GASKET 94790
J &5 :
] 9/16" (2) [
1-73 x *
— 3-8 11/16" L B
H
H 1-73 R1'-0”
(2)
1'=7 9/16" REF
|
G G
9/16"—||=—
I ) (a-12) TRAN LINE PIPE |
N - .8 1/2 >
8'—6 5/16"
] 3-3 3/16" B
2 3/16 ON CTR LINE .
E 10,50 9" CTR LINE RAD (4) E
&
4-2 3/16 —f~g/16" 1-46
16 5/8" ON CTR LINE 1-47 /\
D 77 10"3/18" @ D
| 79.50" |
4 13/16” ON CTR LINE (4)
R1'10” (2 30.00"
C + 2) 1'—10 15/186" C
— @ TRAIN LINE PIPE & [
4 3744 B
B 5'—4 7/8" REV.| DATE | BY DESCRIPTION
RATL. KASGRO CORP
— -
1 1/4 NPT 181 BUNDIR BD. _ KEW CASTIE, PA
(4-15) TRAN LINE PIPE PIPE DETAILS
A TOLERANGES UNLESS NOTED A
OTHERWISE FOR PIECE DETAILS  ——— 5RG 70 il
FRACTIONS + 1/18 INCH 2
ANGLES + 1/2 DEGREE T R T 2§§:D:NH 18 1160-34
17 | 16 [ 15 14 13 12 | 11 | 10 | | 8 7 6 I 5 | 4 3 1 2 1 1
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Appendix H-1.35

Camber Diagram

17 | 16 | 15 14 13 | 12 11 | 10 | 6 | 8 7 6 | 5 | 4 | 3 | 2 | 1
oM A DESCRIPTION MAT'L
K K
J J
., 11/4 3/4”

] 3/4 FINISHED CAR CAMBER |
H H
1/2" 1 /2
G G
] 22'-3" [
s >

44’—6" TRUCK CENTERS 7'-9" ‘
E T -_-_i -___ F__ _-_i _-__ M ___- i__- __H _:- _:- E
N B T T Lj—___ T N T I T |
D D
C C
B B
REV.| DATE | EY DESCRIFTION
RAIL KASGRO CORP
] B zn. KEW CASTIZ, FA [
CAMBER DIAGRAM
A TOLERANCES UNLESS NOTED A
OTHERWISE FOR PIECE DETAILS ) 57TE
m * ii1/1 "’ﬂf?EéNRg: [ORDeR 6.} [SSUED T0__|_DATE gg;':n: B 1160-35
17 | 16 [ 15 14 13 | 12 11 | 10 [ @ 1 8 7 6 | 5 | 4 3 [ 2 I 1
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Appendix H-1.36  Pipe Details

17 | 16 | 15 | 14 | 13 | 12 11 10 4 | 3 1 2 ] L
I'L%}f EAEQ DESCRIPTION MAT'L
1—42 2 3/4 SOCK WELD FTG 565256 K
K
1-43 2 .'5/4- GASKET 93841
1"—5 13/16"
— 4-17 1 3/4 SCH 8O PIPE X 1°—4 11/18" A-53 |}—
9/1 6"——‘
BRAKE PIPE
H H
G G
< k>
E E
D D
C C
B B
REV.] DATE | BY DESCRIPTION
RAIL KASGRO CORP
] T A T
A FIPE DETAILS A
DRG: JO 4/17
CHK: _NH 4/17 1160-37
ISSUED TO DATE | APP'D:
17 | 16 | 15 | 14 | 13 | 12 11 10 4 3 [ 2 I
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Appendix H-1.37

Ballast Weight Arrangement

ITEM

[y % DESCRIFTIIN MATL
o] 1 Twwne aoe

0 | 1 | wwwos aw-a

see| 1 | o ucoe

se| 1 [Ariwvewmrw el =
se+]| g [mreveser ey =
2l g Imreweyorypy 258
7] g [mreweyery g =
]l g Inreipxees ey =3

1@y

et 174 Ul /ﬁu p—y /%_ ﬁm
MG l-‘
L:[ﬁt'%:‘;#h e 1 T 71 T "I T T~ ) = - BEeecp--
(\ ) o/ | T T e e e e T T \ ;& )
Se oo’ S s’
181 BUNME 8. JEV CATIL P4

— T
0-40
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Appendix H-1.38  Dummy Weight

17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | 6 | 8 | 7 | & | 5 | 4 | 3 | 2 | 1
':3‘_‘ éﬁg DESCRIPTION MAT'L
44346 1BS [3-80 | 1 | P 2 1/2° X 120" X 43'-8" A-36 K
K 43848 3-81 | 1 | PLT 2 1/2" X 119" X 43'-5 A-36
_| 45'—6 —
3'-10% 310" 7'=11
J J
5'-0"
BOTT WT
& D ®6" (3) © 10'-0"
Y H
2 1/2" PLT
s G
43'-5
“ 13-10" 1310 7-104" <
E o114 :
— (G-81) 28D Wr |
O @ea" ® O 9'— 11" D
D
C
C 2 1/2" PLT
3 B
REV.] DATE | BY DESCRIETION
RAIL KASGRO CORP
] 121 RUNDLE RD. __ NEW CAFTIE, PA [
TOLERANCES UNLESS NOTED DUMMY WT A
A OTHERWISE FOR PIECE DETAILS
FRACTIONS + 1/16 INCH DRG: JO 4/17
ANGLES + 1/2 DEGREE CHK: _NH 4717 1160-41
ISSUED TO_| DATE JAPPD:
17 I 16 [ 15 | 14 | 13 | 12 [ 11 | 10 | ¢ | 8 7 1 s I 5 | 4 3 2 I
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Appendix H-1.39  Dummy Weight
17 16 | 15 O | 4 3 1 2 ] 1
IL%_‘ g% DESCRIPTION MAT'L
K 43328 | 3—-82 1 PLT 2 1/2' X 118" X 43'-4° A—-36 K
— 43 —4" —
J 710 J
4a—11"
-
| #10" (3) |
9'—10"
H H
2 1/2" PLT
G G
< K>
E E
D D
C C
B B
REV.| DATE | BY DESCRIPFTION
RAIL KASGRO CORP
] |
1B1 ml’._l BD. NEW CAS'I'.Ié. Pa
TOLERANCES UNLESS NOTED DUMMY WT A
A OTHERWISE FOR PIECE DETAILS
DRG: JO 4/17
CHK: _NH 4/17 1160—42
ISSUED TO DATE | APP'D:
17 16 | 15 0 4 3 I K
Page H.1-40 February 2, 2018 |



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

Appendix H-1.40  Dummy Weight

17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | O | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1
r,';%” Fh"gli DESCRIPTION MAT'L
.| caR
K 21300 |3-84| 1 | PLT 1 1747 X 0'—8" X 43-2" A-36 K
J J
B 43'-2" -
H H
G G
| oL |
<> <
] 11/4" PLT B
E E
T TOP WT [
D D
C C
B B
REV.| DATE | BY DESCRIFTION
RAIL. KASGRO CORP

— mwwE D mvosmme . |

TOLERANCES UNLESS  NCTED DUMMY WT A
A OTHERWISE FOR PIECE DETAILS

FRACTIONS + 1/18 INCH e o T 2713

ANGLES + 1/2 DEGREE CHK:_NH 2/17 1160—43

[SSUED 10| DATE |APFD:
17 I 16 | 15 | 14 | 13 1 12 [ 11 | 10 | @ | 8 7 | s | 5 | 4 3 2 1 1
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Appendix H-1.41

Locking Center Pins

17 16 | 15 | 14 | 13 | 12 ] 11 | 10 | 6 | 8 | 7 | 6 4 | 3 | 2 | 1
meM | NO.
No. | BER DESCRIPTION MAT'L
K 2-26 2 1 3/4™-5 UNC BOLT X 11" LG K
2=27 2 1 3/4'—5 UNC NUT
] 375 | 2 |[BAR1/2° X 4" DA A-38  |—
. . 385 | 2 |BAR 1/4 " DI X 10" A-38
5/16" DA 1x3{41-/5:'ulr_lg "o 3-86 | 2 |BAR 3/8" X 5 1/2° DIA A-38 J
J _E_ — 387 | 2 |[TsS43/8"0DX37/8" IDXO-6 1026
] 10 3/18" | |
11"
CENTER PIN BOLT
] 2" DA 47 DIA _—
5 172"
. L |-D—IA._ 3-88
s H
H | | 316 17 & PLACES
% | | | INSIDE TUBE
] | | N @ CENTER PN WASHER [
+ 3/8"
G DA G
P coen ——
| |
<A | K>
: 8 ;
i M Co E
% o @
— A /@J -
\\ NI i
N ¥ D
D n
N -
—] N |
N
C C
B B
REV.| DATE | BY DESCRIPTION
RAIL KASGRO CORP
] |
181 ml_l BD. NEW CAS'.I'I.& Pa
OLERANGES  UNLESS  NOTED LOCKING CENTER PINS A
A OTHERWISE FOR PIECE DETAILS T Wi
iy R — o o ot eAr]  D-T160-44
17 1 | 15 1 14 1 13 1 12 [ 11 1 10 ¢ | 8 7 4 3 o2 1 1
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Appendix H-1.42  Steel Details
17 16 15 14 | 13 | 12 | 11 | 10 o | 8 7 | 4 | 3 | 2 | 1
meM | NG.

NO. SEE DESCRIPTION MAT'L

4,_1_1" ol e 1 1-92| 2 PLT 1/2° X 10 1/2" X #=1 1/4" A-572
K + 2 1-83| 2 PLT 1/2" X 8" X 4'=1 1/4" A-572 K

3/4" X 45 (4) 1-94| 1 | BLT 172" X 10 12" X 1™=0 7/8" A-572
] /_ 1-85] 1 PLT 1/2" X 6" X 1'=0 7/8" A-572 | —

]
J J
104"
| T |
3
] - 2 4” e |
CROSS BEARER
H ——6"—— H
G G
| 1 '_0%” ] f— %" |
/—3/4" X 45 (4)
<3 K>
< 0
104
E 1/4 E
| AN 4 1 |
73
D — 21" (- D
CROSS BEARER
4—6"——
C C
B B
REV.| DATE | BY DESCRIPTION
RAIL KASGRO CORP
| B nn. NEW_CASTIZ, o
STEEL DETAILS A
A TN U e I
FRACTIONS + 1/16 INCH 471 B
ANGLES + 1/2 DEGREE o] o W ggg:D:NH 417 1160—45
17 16 15 14 1 13 [ 12 [ 11 [ 10 ¢ | 8 7 | 4 3 2 1 1
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Appendix H-1.43  Atlas Buffer Railcar Structural Analysis

ATLAS 4 AXLE FLAT CAR

Preliminary Loading Analysis

60 FT 110-TOMN FLATCAR

For 5-2043 Servce

October 2016

October 2017
M owvember 2017

Prepared by Jon Odden

Chedked by Nicholas Hinsch
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Summary of Maximum Stresses and Minimum Margins of Safety

Member Classical Actual Allowable MS  Page Paragraph
Fea
G T G T

Deck Plate FEA 25 50 1 27 4132c¢
Bottom Flange Classical  47.7 50 0.05 11 41.32¢
Web Plate Classical 8.3 29 2.5 13 4132¢
Cross Bearer Flange Classical 43.6 50 0.14 22 41.32b2
Cross Bearer Web Classical 23 29 0.26 20 41.32b2
Bolster Flange Classical  21.3 60 1.81 16 4.4.8.4
Bolster Web Classical 12.5 348 1.78 18
Jacking

Body Boster Flange  FEA 439 50 0.14 45 416
Twist

Bolster Flange FEA 25 33.6 0.34 46 S-2043 4.1.5.5
Striker FEA 47 50 0.06 49 4151
Note:

Twist load stress limited to 56% yield
Shear stess allowable set at 58% yield
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INTRODUCTION

The stress analysis was done both by the classical method and FEA. The classical method was used to
size the members initially and to determine the shear stress and welding. The FEA was used to verify
and refine the classical method.

The classical analysis was done using spreadsheets and hand calculations. Input data and output are self-
explanatory. Appropriate AAR load factors are used.

The finite element analysis was done by modeling in AutoCAD inventor and launching the built-in FEA
program in Inventor. One quarter of the car was used with symmetry to duplicate the full car body.

The car was designed as a general service flat car. The dynamic modeling showed the need for ballast
weight over the entire car body. The design of this will lower the stresses because of the distribution of
the weight and the addition to the cross-section of the underframe. Further, the capacity is now at 263k
GRL whereas the calculations used 286 GRL.

CAR BODY MATERIALS

Gussets, cross-ties, and stringers A-36

Draft sill webs through transition, bolster A-572 Gr. 60
Balance of car A-572 Gr. 50

Steel meets AAR Charpy V-notch requirements where applicable.

WELD ROD MATERIAL
All weld rod used is E70XX.
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8" OYER DEGK

38" NOMIMAL

|{

I
KEJ'*\T Tﬁj:

n

o —

=’

44'—5" TRUCK CTRS

Gross Rail Load
Est Light Wt.

Estimated Capacity

Note: Car body designed to full capacity of trucks. It is very likely that the gross rail
load and capacity will be starred and rezistered to keep limit the axle loading to 65.75

k/axle,

81’88 TVER STRIKERS

EG'—%" OVER PULLING FACES—OMINAL

286k
67

224k
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GENERAL LOADING

GROSS RAIL LOAD 286,000 LBS
EST LIGHT WT 62,000 LBS
EST LOAD LIMIT 224,000 LBS
Paragraph
CAR BODY DEAD LOAD 42/60 = 0.7 K/FT
LLON CTR 18 224/18 = 12.44 K/FT 4.1.3.2 (¢
LL ON DECK 224/60 = 3. 73 K/FT 4.1.3.2 (a)
75% LL ON CTR .75(224) = 168 K 4.1.3.2(b)
15% ON OVERHANG 33.6/7.75 = 4.3 K/FT 4.1.3.2(d)
COUPLER AND MISC LOADS AND LOAD FACTORS
DRAFT LOAD 350K LF=138
BUFF LOAD -350 K LF=1.8
SQUEEZE -1000 K LF=1.0
IMPACT -600 K LF=1.0 {NOT APP. SQUEEZE LOAD MORE SEVERE)
VERT COUPLER LOAD +/-50 K LF=1.0 (CUSHIONED UNDERFRAME)

125% load LF=1.0

NOTE: VERTICAL COUPLER LOADS, TWIST LOAD, AND JACKING LOAD COVERED IN FEA. LIFTING LOAD
SAME AS THE JACKING LOAD FOR OVERALL STRUCTURE OF THE CAR ALTHOUGH LOCAL DEFORMATION
WILL OCCUR.
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Paragraph 4.1.32 ¢
SHEAR AND MOMENT DIAGRAMS
live load on ctr 18 ft
CONCENTRATED LOAD UNIFORM LOAD
X1 X2

SUM

SHEAR

LENGTH

MOMENT DIAGRAM

IlOHENT_g[FI'm)
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Paragraph 4.1.3.2 a
SHEAR AND MOMENT DIAGRAMS

aver full deck
CONCENTRATED LOAD UNIFORM LOAD

P X W 1 2

OH1=7.75 o7 o] 60

TC= 445 375 o 60
OH2= 775
RL= 134
RR= 134

SUM a
SHEAR

1500

1000

-1000 +

LENGTH

MOMENT DIAGRAM
12000

10000

wan

LENGTH
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Paragraph 4.1.3.2 b

SHEAR AND MOMENT DIAGRAMS
75% at cir
CONCENTRATED LOAD UNIFORM LOAD
w X1 X2

SUM

SHEAR

LENGTH

IlOHENT_g[FI'm)

MOMENT DIAGRAM
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Paragraph 4.1.3.2d

SHEAR AND MOMENT DIAGRAMS
15% on ch
CONCENTRATED LOAD UNIFORM LOAD
P X X1 X2

SUM

LENGTH

MOMENT DIAGRAM

g8 8
o o

e
=)

E‘-’%

5

MOMENT (FT-KIPS)
g
=)

-80.0

10
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SECTION ELEMENTS AND PROPERTIES

at centerline

B I ce
64.00 0.75 0.37 DEPTH 30.00
0.50 16.00 8.75 DECK 45.00
0.50 28.25 14.88 MOMENT  2140.00
15.00 1.00 29.50 CPLR 34.50
SHEAR 127.00
FULL/HALF 2
AREA= 170.25
NA= 8.69
I= 22952.86
S-top=  -2639.89
S-bott= 1077.33
ECCENT= 1.81
Q-na= 862.76
AXIAL IND
LOAD MOM  MOM MS PIA  MS+PIA
0 2140 0.0 ftop -17.5 0.0 -17.5
fbot 429 0.0 42.9
350 2140 52.7 ftop -17.9 3.7 -14.2
fbot 440 37 47.7
-350 2140 -52.7 ftop -17.1 -3.7 -20.8
f-bot 41.9 -3.7 38.1
-1000 2140 -150.4 ftop -9.7 -5.9 =15.6
fbot 238  -59 18.0
S'-4
7 5 Tve .44

Welding

Deck to webs 1/4 E

good for 46 kfin

Flange to webs  5/16 |/
good for 44.5 k/in

SHEAR
Q-ull FLOW
799.6 8.0
NA
NA
-624.2 6.2
vant
4.30
3.
4
174~ 2'-6"
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SECTION ELEMENTS AND PROPERTIES

at centerline weak axis

B I ce
0.75 128.00 64.00 DEPTH
1.00 7.00 7.56 DECK
1.00 7.00 120.44 MOMENT
16.00 0.50 7.50 CPLR
16.00 0.50 120.50 SHEAR
1.00 30.00 64.00
28.50 0.50 57.31 FULL/HALF
28.50 0.50 70.69
AREA=
NA=
S-top=
S-bott=
ECCENT=
Q-na=
AXIAL IND
LOAD MOM MOM Mis PIA
0 642 0.0 ftop -3.2 0.0
f-bot 3.2 0.0
7 i
S
1-J 1'-4"
4 g.-‘s'
] S'-10¢%"
l'jr—E‘faj'—wk -
E'L—— - —f— 10°-8
H:

128.00
45.00
642.00
34.50
127.00

184.50
64.00

230322.38
-3598.79
3598.78

-53.50

2590.86

M/S+P/A

o
%)

(2
N

Q-full

NA
395.1
-395.1
452.0
-452.0

NA

95.3

-96.3

SHEAR
FLOW

0.4
0.4
0.4
0.4

0.1
-0.1
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SECTION ELEMENTS AND PROPERTIES

at transition
SHEAR
B T cG Q-full FLOW
64.00 0.75 0.37 DEPTH 16.50 400.4 16.1
0.50 8.25 4.88 DECK 45.00 NA
0.50 14.75 8.13 MOMENT 500.00 NA
7.00 1.00 9.50 CPLR 34.50 -69.5 2.8
12.00 1.00 16.00 SHEAR 127.00 -2751 111
FULL/HALF 2
AREA= 157.00
NA= 4.54
1= 5682.09
S-top=  -1252.75
S-bott= 474.92
ECCENT= 5.96
Q-na= 414.72
AXIAL IND
LOAD MOM MOM Mm/s P/A M/S+P/A vant
0 500 0.0 ftop -8.6 0.0 8.6 8.34
f-bot 227 0.0 22.7
350 500 174.0 ftop -11.6 4.0 -7.6
f-bot  30.7 4.0 34.7
-350 500 -174.0 ftop -5.6 -4.0 9.6
fbot 148  -40 10.8
-1000 500 -497.0 f-top -4.8 -6.4 =11.2
f-bot 12.6 64 6.3
S5—4”
—e
“ F 50 TYP 6.44
, .
1n L
1'-23"  1-4%

TOR

Welding

174 B

516 |/

Deck to webs
good for 46 kfin

Flange to webs
good for 44.5 k/in
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Body Bolster

Paragraph 4.4.8.4
CTR SILL [EDGE OF | SIDE BRG
REFERENCE LOAD |CTRSILL| LOAD
L1
e 70TONTRUCKS | 230 | 230 144
100 TONTRUGKS | 300 | 300 188
Fi ral | l Fa Fa
o1 l l | r 125 TON TRUCKS 325 325 207
R
__| |__ "3 270 TONTRUCKS | 460 | 460 288
25"
2100 TONTRUCKS| 600 | 600 378
2-125 TON TRUCKS 650 650 414
LENGTH (L2)
LENGTH {L1)
% CARRIED BY CENTER SILL
CTRPLT LOAD
SIDE BEARING LOAD
REACTIONS LOAD ON LOAD ON LOAD ON
AND CTRPLT EDGE OF SIDE BRG
FORCES CTRPLT
F1 75.0 96.2 B8.6
F2 75.0 75.0 47.0
F3 750 750 470
F4 750 538 54
R1 00 00 1880
R2 1500 3000 00
R3 150.0 0.0 0.0

SHEAR (ON CTR PLT)

MOMENT (ON CTR PLT)

14
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SHEAR (ON EDGE OF CTR PLT)

MOMENT (ON EDGE OF CTRPLT)

SHEAR (ON SIDE BEARING)

MOMENT (ON SIDE BEARING)

15
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SECTION ELEMENTS AND PROPERTIES

BOLSTER AT CTR SILL

B T eic]
12.00 0.75 0.38
0.50 14.75 8.13
10.00 0.63 15.50
AXIAL IND
LOAD MOM MOM
0 388 0.0 f-top
f-bot

See following page for skeich

MiS

DEPTH
DECK
MOMENT
CPLR
SHEAR

FULL/HALF

AREA=
NA=

I=

S-top=
S-bott=
ECCENT=
Q-na=

PIA

-16.6 0.0
21.3 0.0

16.13
51.00
388.00

SHEAR
Q-full FLOW
1207 7.8

NA
-105.3 -6.8
VQ/it
10
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SECTION ELEMENTS AND PROPERTIES

BOLSTER AT SIDE BEARING

B I ce

12.00 0.75 0.38
0.50 12.00 6.75
10.00 0.63 13.06

DEPTH
DECK

MOMENT

CPLR
SHEAR

FULL/HALF

AREA=
NA=
S-top=
S-bott=

ECCENT=

AXIAL IND
LOAD MOM MOM

=
5

0 245 0.0 ftop -12.9
fbot 16.3

Welding

5;'16E

5/16/

Deck to webs
good for 29 k/in

Flange to webs
good for 14.5 kfin

Q-na=

13.38
51.00
245.00

34.00
100.00

42.50

1344.65
-227.656
180.05
11.09
112.86

M/S+P/A

[
-
N
(=]

-
(2]

SHEAR
Q-full FLOW
99.6 7.4
NA
-89.4 -6.7
VQ/it
8.39

AT SB
AT CTR
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SECTION ELEMENTS AND PROPERTIES

BOLSTER AT SIDE SILL

B I
12.00 0.75
0.50 6.63
10.00 0.63
AXIAL IND

LOAD MOM MOM

0 181 0.0

Welding

Deck to webs
good for 29 k/in

good for 14.5 kfin

5;'16E

Flange to webs  5/16 %

CG

0.38 DEPTH
4.56 DECK
8.69 MOMENT
CPLR

SHEAR

FULL/HALF

AREA=
NA=
S-top=
S-bott=
ECCENT=
Q-na=

MiS PIA

ftop -15.8 0.0
f-bot 20.5 0.0

E¥ 1y
S.J; " IC 1-23 17'45
¥ = 1 i
2' -9l — 7

9.00
51.00
181.00
34.00
100.00

37.13

538.54

-137.34
106.03
13.08
67.40

M/S+P/A

[
-
o
[--]

L]
n

AT SS

SHEAR
Q-full FLOW

63.8 1.9

NA
-59.6 -11.4

12.51

AT CTR
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Cross Bearer
37.5% on side sill

RELATIVE STIFFENESS OF SIDE SILL AND CENTER SILL

- 2/—p”
4 ?
1"—4~ [
l 2
1” * é” -
N
oL
SIDE SILL CENTER SILL
12 0.75 0.375 24 0.75 0.375
0.5 16 8.75 0.5 16 8.75
7 1 17.25 15 1 17.25
1 =1300 1=7902

REL STIFF SS = 1300/9202 = 14% REL STIFF = 86%
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SECTION ELEMENTS AND PROPERTIES

X bearer
B I olc]
6.00 0.75 0.37 DEPTH 15.31
0.50 13.81 7.66 DECK 45.00
6.00 0.75 14.94 MOMENT 0.00
CPLR 0.00
SHEAR 84.00
FULL/HALF 1
AREA= 15.91
NA= 7.65
1= 588.03
S-top= -76.83
S-bott= 76.78
ECCENT= 37.35
Q-na= 44.71
AXIAL IND
LOAD MOM  MOM MIS  PIA MIS+P/A
0 0 0.0 ftop 0.0 0.0 0.0
f-bot 0.0 0.0 0.0
224(.375>=84k ‘
'r XL L 1 {
1"-3:”
| 2-0
L

20

SHEAR
Q-full FLOW
328 8.4

NA
-32.8 8.4
vaQi/it

22.99
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SECTION ELEMENTS AND PROPERTIES

x bearer
B I CG
6.00 0.75 0.37 DEPTH
0.50 6.66 7.59 DECK
6.00 0.75 14.81 MOMENT
CPLR
SHEAR
;%*H.H FULL/HALF
3w
I L
1'-33" ot AREA=
NA=
FER S N =
AL
. S-top=
© S-bott=
ECCENT=
Q-na=
AXIAL IND
LOAD MOM MOM M/S PIA
0 0 0.0 ftop 0.0 0.0

f-bot 0.0 0.0

11.7 K/IN

WELD
1/4

B

4{?

14731‘6”

B

Nk
oL

21

15.19
45.00
0.00
0.00
84.00

12.33
7.59
482.35
-63.55
63.49
37.41
35.28

M/S+P/A

=
=1

b
=}

Q-full

325
NA
-32.5
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SECTION ELEMENTS AND PROPERTIES
x bearer at ctr sill

B I joic]
600 075 037 DEPTH
050 2338 1244 DECK
600 075 2450 MOMENT
CPLR
SHEAR
i ” FULL/HALF
T &
- f
AREA=
2'-0g" NA=
l 1 S-top=
R S-bott=
J o L ECCENT=
Q-na=
AXIAL IND
LOAD MOM  MOM Ms  PA
0 299 0.0 ftop 436 0.0

f-bot  43.6 0.0

WELD 11.7 KIN
1/4

22

24.88
45.00
299.00
0.00
72.00

20.69
12.44
1843.20
-148.22
148.17
32.56
88.45

M/S+P/A

IS
5
[}

&

Q-full
54.3

NA
-54.3

Va/it

S

SHEAR
FLOW

3.8

-3.8
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COOPER RATING

KASGRO RAIL CORP
DOE Buffer Car

LOAD AXLE SPACING
71.5 6
71.5 38.5
71.5 6
71.5 0
FLOOR BEAM
SPAN BENDING END SHEAR REACTION
FT FT-KIPS E KIPS E KIPS E
6 107 71.5 71 60.6 72 53.6
8 143 71.5 88 63.7 89 51.1
10 179 63.5 100 66.6 100 50.1
12 241 60.3 106 60.4 107 46.0
13 275 57.9 110 59.4 110 447
14 309 56.2 11 57.6 112 431
15 343 54.9 112 56.1 114 41.9
16 377 53.9 116 54.5 116 40.9
18 447 52.6 118 50.5 119 39.3
20 517 50.1 120 47.9 122 371
25 692 45.4 126 44.2 126 33.3
30 869 423 129 40.8 129 29.8
35 1046 40.0 129 37.4 131 26.8
40 1224 37.3 132 34.9 135 24.9
45 1401 35.0 134 327 145 243
50 1579 334 141 32.3 159 24.6
60 1936 29.9 164 33.3 180 23.4
70 2292 26.9 182 33.0 195 22.0
80 2869 26.5 194 3.3 206 20.7
20 3548 26.5 206 29.9 215 19.6
100 4233 26.2 212 28.2 222 18.7
110 4924 246 220 27.3 228 17.9
120 5619 24.4 224 25.8 233 17.0
130 6317 23.2 230 24.9 237 16.3
140 7017 22.6 233 23.6 241 15.6
150 7720 221 237 23.0 244 15.0
160 8424 211 241 22.0 246 14.3
170 9129 20.4 243 213 249 13.7
180 9835 19.9 246 204 251 13.1
200 11251 18.9 249 19.0 254 12.1
225 13024 17.8 253 17.6 258 11.0
250 14799 16.8 256 16.3 261 10.1
275 16577 15.8 258 15.2 263 9.3
300 18356 15.0 262 14.3 265 8.6
350 21919 13.4 264 12.7 268 75
400 25484 121 267 11.4 270 6.7

23
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FINITE ELEMENT ANALYSIS

The car body was modeled in Inventor 2017. The built-in FEA was used in analysis. One quarter of the
car was with symmetry was used for all of the loadings except the twist load where a full car model was

used.

Results of the live load distributed over the center 18 feet was the governing criteria. All load cases are
shown for reference.

LOADING

LLCTR 18 FT
STATIC
DRAFT
BUFF
SQUEEZE
LL FULL CAR
STATIC
DRAFT
BUFF
SQUEEZE
LL 15% ON OVERHANG
STATIC
DRAFT
BUFF
SQUEEZE
LL 75% ON CTR SILL
STATIC
DRAFT
BUFF
SQUEEZE
LL37.5% ON SIDE SILL
STATIC
DRAFT
BUFF
SQUEEZE
JACKING LOAD
TWIST LOAD S-2043
VERTICAL COUPLER
DEFLECTION

PARA.

4132¢

4.13.2a

4132d

4.132b1

4132b2

416
4.1.5.5

24

PAGE

25
26
27
28

29
30
31
32

33
34
35
36

37
38
39
40

41
42
43
44
45
46-47
48-49
50

Some loads and supports were entered into the model as point loads. This

causes a resulting high stress at the point of application. The point loads were
necessary to maintain integrity in the model. High point stresses were ignored
in the overall stress summary.
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Load over 18 feet static
Paragraph 4.1.3.2 ¢

25
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18 feet with draft
Paragraph 4.1.32 ¢

28
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Paragraph 4.1.3.2 ¢
18 feet with buff

27
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18 feet squeeze
Paragraph 4.132 ¢

28
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Load over full car static
Paragraph 4.1.3.2 a

28
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Over deck draft
Paragraph 4.1.3.2 a

30
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Over deck with buff
Paragraph 4.1.3.2 a

3
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Paragraph 4.1.3.2 a
Over deck squeeze

32
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Paragraph 4.1.3.2 d
15 percent on overhang static

33
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Overhang with draft
Paragraph 4.1.3.2d

34
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Paragraph 4.1.3.2 d
Overhang buff

35
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Paragraph 4.1.3.2 d
Overhang squeeze

38
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75 % on center sill static
Paragraph 4.1.3.2b 1

37
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75% on center at center sill with draft

Paragraph 4.1.3.2b 1

38
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75% on center at center sill with buff
Paragraph 4.1.3.2b 1

39
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75% on center at center sill with squeeze
Paragraph 4.1.3.2b 1

40
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37.5% at side sill static
Paragraph 4.1.3.2b 2

41
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37.5% at side sill with draft
Paragraph4.13.2b2

42
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37.5% at side sill with buff
Paragraph4.1.32b2

43
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37.5% at side sill with squeeze
Paragraph4.1.32b2

44
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Jacking 40% at jacking pad

Paragraph 4.1.6

Type: Vion Mises Stress)

it ksi
10/26/2017, 8:25:58 AM
0

45
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Twist load 3” deflection at wheel
Paragraph 4.1.5.5 from 5-2043
Simple supports at longitudinal opposite jacking pad and opposite end center plate.

Type: Von Mees Stess

Uit ksi

10/25/2017, 101:17 P
S0

M N

Von Mioes Stress - 18 k3

i

it
10/25/2017, 112
S0

48
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Type: ¥ Displscament

Lt n
10/25/2017, 12:50:20 FM
3683 Mare

47
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Vertical up and down load on coupler 50,000 Ibs
Paragraph 4.1.5

48
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125% Load at striker

Paragraph 4.1.5.1

49
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Deflection with load on center 18 feet

Deflection

50
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FATIGUE ANALYSIS
Fatigue analysis is based on the AAR method as documented in the MSRP Section C, Part II.

The spreadsheet is based on the AAR method as shown in Table 7.1 and Table 7.2 of the above
referenced specification. No data is published for a general service flat car with a steel deck. In lieu of
this the data for a high-sided gondola is used.

The only area examined was the center sill bottom flange splice. This will give a more conservative
result than the side sill splice because of nominal stress. The draft sill was not analyzed as its design is of
the manufacturers recommendation. The bolster has relatively low nominal stresses and is of the same
type design as other general service flat cars in use.

Stresses used are from the FEA. The car is basically loaded to full capacity at all times with the dummy
weights (as designed) permanently attached and adding substantially to the cross-sectional properties.
This was not considered in the analysis thus giving conservative results. However, this does allow a
slightly different design of the dummy weights should the necessity arise.

Looking at the twist load a high stress existed in the center sill bottom flange. For this reason the ARR
fatigue design was investigated for the torque load. The maximum torsional load was applied to an
empty car and a loaded car. This resulted in stress well below the endurance limit of the steel. This was
not analyzed further. Results of this loading follow the spreadsheets of the fatigue calculations.

Based on this calculation the calculated lifetime miles is 16 million.

51
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FATIGUE DATA FOR CENTER SILL AT SPLICE

(Coupler Load 110 Ton High-sided Gon)

Cycles
Dynarmic to

a Static Stress Max R Endurance Failure cycles per mile 1538

Ma Min No. Pet Stress et Min Adiusted  Min/hax Lirnit N afN Yield stress 50 ksi
Y-inth) 171

430 -250 1 0.00007 122 156 10.2 196 0655 49.5 106296682 940E-11 slope 1
410 390 1 0.00007 122 155 153 155 0990 1666.0 NO DAMAGE Kk D029
410 310 1 0.00007 122 155 4T 155 0948 3332 NO DAMAGE
395 365 2 0.00015 122 154 151 154 0984 11021 NO DAMAGE
385 365 1 0.00007 122 153 151 153 0990 1644.6 NO DAMAGE
380 250 1 0.00007 122 152 142 152 0932 2524 NO DAMAGE
360 300 1 0.00007 122 151 14.6 151 0968 5411 NO DAMAGE
360 290 1 0.00007 122 151 145 151 0962 4538 NO DAMAGE
360 =130 1 0.00007 122 151 1.2 151 0742 66.3 NO DAMAGE
360 -230 1 0.00007 122 151 104 151 0683 55.0 NO DAMAGE
350 220 1 0.00007 122 15.0 4.0 150 0931 2484 NO DAMAGE
350 230 1 0.00007 122 150 104 150 0693 557 NO DAMAGE
340 320 3 0.00022 122 14.9 148 149 0989 1608.1 NO DAMAGE
340 =120 1 0.00007 122 14.9 1.3 14.9 0755 698 NO DAMAGE
340 -150 1 0.00007 122 14.9 1.0 14.9 0739 656 NO DAMAGE
330 =120 1 0.00007 122 14.8 1.3 14.8 0759 71.0 NO DAMAGE
320 310 2 0.00015 122 14.8 4.7 14.8 0.995 3178.0 NO DAMAGE
320 250 1 0.00007 122 14.8 4.2 148 0962 4540 NO DAMAGE
310 280 2 0.00015 122 147 145 147 0989 1580.5 NO DAMAGE
310 -210 1 0.00007 122 147 106 147 0719 608 NO DAMAGE
310 -290 1 0.00007 122 147 99 147 0875 527 NO DAMAGE
260 -210 1 0.00007 122 144 106 144 0731 635 NO DAMAGE
270 200 1 0.00007 122 144 138 144 0961 2418 NO DAMAGE
270 110 1 0.00007 122 144 131 144 0912 1933 NO DAMAGE
270 100 1 0.00007 122 144 130 144 0908 1819 NO DAMAGE
270 -10 1 0.00007 122 144 121 144 03845 1104 NO DAMAGE
270 -80 1 0.00007 122 144 16 144 0.806 &84 NO DAMAGE
265 =255 1 0.00007 122 143 102 143 0712 593 NO DAMAGE
260 220 2 0.00015 122 143 14.0 143 0978 7689 NO DAMAGE
260 20 1 0.00007 122 143 124 143 0867 1281 NO DAMAGE
260 -150 1 0.00007 122 143 1.0 143 0772 750 NO DAMAGE
260 -220 1 0.00007 122 14.3 10.5 14.3 0732 64.1 NO DAMAGE
260 -240 1 0.00007 122 143 103 143 0722 615 NO DAMAGE
260 -260 1 0.00007 122 143 102 143 0711 591 NO DAMAGE
250 240 1 0.00007 122 142 141 142 0994 30583 NO DAMAGE
250 230 9 0.00067 122 142 14.0 142 0989 1529.2 NO DAMAGE
250 220 2 0.00015 122 14.2 14.0 142 0982 10184 NO DAMAGE
250 190 1 0.00007 122 14.2 137 142 0966 5097 NO DAMAGE
250 90 1 0.00007 122 14.2 129 142 0911 1911 NO DAMAGE
250 -50 1 0.00007 122 14.2 1.8 14.2 0832 1019 NO DAMAGE
250 -100 1 0.00007 122 142 14 142 03804 874 NO DAMAGE
250 -160 1 0.00007 122 142 109 142 0771 7486 NO DAMAGE
250 -180 1 0.00007 122 142 108 142 0760 711 NO DAMAGE
250 -220 1 0.00007 122 142 105 142 0737 651 NO DAMAGE
250 -410 1 0.00007 122 14.2 9.0 142 0631 46.3 117932880 848E-11
245 225 1 0.00007 122 14.2 14.0 142 0989 1524.9 NO DAMAGE
245 155 1 0.00007 122 14.2 135 142 0950 3389 NO DAMAGE
245 =315 1 0.00007 122 14.2 97 14.2 0636 545 NO DAMAGE
240 230 5 0.00037 122 141 140 141 0994 30412 NO DAMAGE
240 220 2 0.00015 122 14.1 4.0 14.1 0983 1520.6 NO DAMAGE
240 210 2 0.00015 122 14.1 139 141 0983 10137 NO DAMAGE
240 180 1 0.00007 122 141 136 141 0.966 506.9 NO DAMAGE
240 140 1 0.00007 122 141 133 141 0944 3041 NO DAMAGE
240 110 1 0.00007 122 14.1 131 141 0927 2339 NO DAMAGE
240 70 1 0.00007 122 14.1 128 141 0904 1769 NO DAMAGE
240 -0 1 0.00007 122 14.1 nr 14.1 0.826 8.1 NO DAMAGE
240 -110 1 0.00007 122 141 13 141 03803 869 NO DAMAGE
240 -120 1 0.00007 122 14.1 13 14.1 0798 845 NO DAMAGE
240 -160 1 0.00007 122 14.1 109 141 0775 76.0 NO DAMAGE
240 -170 1 0.00007 122 141 109 141 0769 742 NO DAMAGE
240 -210 1 0.00007 122 141 106 141 0747 676 NO DAMAGE
240 -240 1 0.00007 122 14.1 103 141 0730 634 NO DAMAGE
25 225 13 0.00097 122 14.1 14.0 14.1 0.994 30227 NO DAMAGE
25 215 9 0.00067 122 14.1 139 14.1 0989 1518.3 NO DAMAGE
230 220 2 0.00015 122 14.0 4.0 140 0994 30241 NO DAMAGE
230 200 2 0.00015 122 14.0 138 14.0 0982 1008.0 NO DAMAGE
230 190 2 0.00015 122 14.0 137 14.0 0977 756.0 NO DAMAGE
230 170 1 0.00007 122 14.0 136 14.0 0.966 504.0 NO DAMAGE
230 -10 1 0.00007 122 14.0 121 14.0 0.864 126.0 NO DAMAGE
230 -90 1 0.00007 122 14.0 M5 14.0 0819 @45 NO DAMAGE
230 =110 1 0.00007 122 14.0 1.3 14.0 0808 889 NO DAMAGE
230 -160 1 0.00007 122 14.0 109 140 0779 775 NO DAMAGE
230 -180 1 0.00007 122 14.0 108 140 0768 738 NO DAMAGE
230 -200 1 0.00007 122 14.0 106 140 0757 703 NO DAMAGE
230 -205 1 0.00007 122 14.0 106 140 0754 695 NO DAMAGE
230 =260 1 0.00007 122 14.0 102 140 0723 617 NO DAMAGE
230 =270 1 0.00007 122 14.0 101 140 077 605 NO DAMAGE
225 215 2 0.00164 122 14.0 13.9 14.0 0994 30156 NO DAMAGE
225 205 8 0.00060 122 14.0 138 14.0 0989 1207.8 NO DAMAGE
225 -385 1 0.00007 122 14.0 9.2 14.0 0654 49.4 154744264 64BE-11
220 210 10 0.00075 122 14.0 139 140 0994 3007.0 NO DAMAGE
220 200 6 0.00045 122 14.0 138 140 0989 1503.5 NO DAMAGE
220 190 4 0.00030 122 14.0 137 14.0 0983 1002.3 NO DAMAGE
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Max
220
220
220
220
220
220
220
220
220
220
220
220
220
220
220
220
215
215
215
215
215
215
215
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
08
05
205
205
205
205
205
205
08
05
205
205
205
205
205
205
08
05
205
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
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~ (R - = N RN o r [~

37

a
Pct
0.00015
0.00022
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00022
0.00007
0.00015
0.00007
0.00104
0.00238
0.00007
0.00015
0.00007
0.00015
0.00007
0.00088
0.00127
0.00097
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00015
0.00007
0.00007
0.00015
0.00037
0.00007
0.00007
0.00015
0.00007
0.00015
0.00007
0.00417
0.00358
0.00015
0.00082
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00015
0.00276
0.00082
0.00358
0.0001%
0.00164
0.00022
0.00075
0.00015
0.00022
0.00030
0.00015
0.00007
0.00015
0.00007
0.00007
0.00015
0.00007
0.00015
0.00007
0.00007
0.00015
0.00007
0.00007
0.00007

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
14.0 136
14.0 136
14.0 134
14.0 133
14.0 133
14.0 128
14.0 125
14.0 7
14.0 15
14.0 13
14.0 1.2
14.0 111
14.0 108
14.0 107
14.0 105
14.0 104
139 138
139 138
139 137
139 135
139 10.8
139 104
139 96
139 138
139 137
139 136
139 136
139 135
139 133
139 128
139 127
139 125
139 124
139 123
139 121
139 12.0
139 s
139 mz
139 o
139 109
139 107
139 106
139 106
139 105
139 104
138 138
138 137
138 136
138 136
138 135
138 135
138 134
138 133
138 133
138 ms
138 13
138 109
138 108
138 107
138 106
138 10.5
138 104
138 103
138 100
138 137
138 137
138 136
138 136
138 136
138 135
138 135
138 135
138 134
138 133
138 133
138 131
138 130
138 127
138 125
138 124
138 122
138 M6
138 14
138 1.3
138 1.2
138 111
138 o
138 109

Ilax R
Adjusted  Min/hax
14.0 0977
14.0 0972
14.0 0960
14.0 0955
14.0 0949
14.0 0915
140 0892
140 03835
14.0 0824
140 0812
140 0.801
14.0 0798
14.0 0773
14.0 0.767
140 0750
140 0744
139 0994
138 0989
138 0982
139 0971
13.9 0778
13.9 0.749
139 0692
139 0994
139 0989
138 0982
138 0877
13.9 0971
13.9 0954
139 0920
139 0914
139 0897
138 0891
138 0886
139 0874
139 0862
13.9 0828
139 03808
139 0794
139 0788
138 0771
139 0766
138 0760
139 0754
13.9 0748
138 0994
138 0989
138 0986
138 0983
138 0877
138 0971
138 0968
13.8 0963
138 0960
138 03834
138 0816
138 0788
138 0779
138 0771
138 0762
138 0.756
138 0748
138 0742
138 0719
138 0994
138 0991
138 0988
138 0.986
138 0982
138 0980
138 0877
138 0974
138 0971
138 0965
138 0962
138 0948
138 0942
138 0918
138 0902
138 0896
138 0885
138 0839
138 0827
138 0822
138 0810
138 03807
138 07939
138 0787

53

Endurance
Lirnit
7518
6014
4298
3759
3341
005
1583
1037
970
911
859
847
752
733
683
66.8
20985
1499.2
9995
5997
769
68.1
555
2089.9
1495.0
9966
475
5980
3737
21386
1993
166.1
1574
1495
1359
1248
99.7
879
831
80.8
747
729
712
695
68.0
29814
1480.7
11925
9933
7453
5963
5421
4387
4259
1028
932
806
774
745
718
701
67.8
66.3
608
29728
1981.9
14864
1189.1
9909
8494
7432
6606
5346
4355
4574
3303
073
2123
1748
1852
1466
106.2
9.1
95.9
0.1
887
849
803

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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Max
200
200
200
200
200
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
190
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185

a
Pct
0.00007
0.00015
0.00007
0.00015
0.00007
0.01297
0.00075
0.00768
0.00045
0.00224
0.00037
0.00157
0.00015
0.00030
0.00022
0.00022
0.00007
0.00015
0.00007
0.00015
0.00007
0.00007
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00015
0.00007
0.00007
0.00007
0.00015
0.00015
0.00007
0.00007
0.00007
0.01051
0.00231
0.00872
0.00127
0.00335
0.00030
0.00060
0.00007
0.00037
0.00015
0.00007
0.00022
0.00015
0.00007
0.00007
0.00007
0.00015
0.00007
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00022
0.00015
0.00007
0.00022
0.00007
0.04308
0.00760
0.04220
0.00037
0.01059
0.00030
000283
0.00007
0.00067
0.00007
0.00007
0.00007
0.00030
0.00037
0.00007
0.00007
0.00007
0.00007

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
138 108
138 105
138 103
138 102
138 101
138 137
138 136
138 136
138 136
138 135
138 135
138 135
138 134
138 134
138 133
138 133
138 132
138 131
138 13.0
138 12.9
138 128
138 127
138 126
138 125
138 123
138 M6
138 14
138 1.2
138 A
138 111
138 1o
138 109
138 107
138 104
138 103
138 102
138 101
138 10.0
138 75
137 136
137 136
187 136
187 135
137 135
137 135
137 134
137 134
137 133
137 132
187 131
187 131
137 13.0
137 12.9
137 128
137 128
137 126
137 125
137 125
137 124
137 123
137 121
137 121
137 m9
137 18
137 15
187 14
187 1.2
137 10.9
137 107
137 107
137 136
137 136
137 135
187 135
137 135
137 134
137 134
137 133
137 133
137 133
137 132
187 13.2
137 131
137 131
137 13.0
137 129
137 129
137 128

Ilax R
Adjusted  Min/hax
138 0781
138 0758
138 0747
138 0735
138 0732
13.8 0.994
138 0991
138 0988
138 0986
138 0982
138 0980
138 0977
138 0974
138 0971
138 0968
138 0965
138 0960
138 0954
138 0842
138 0937
138 0931
138 0919
138 0913
138 0908
138 0890
138 0844
138 0827
138 0815
138 0810
138 03804
138 0798
138 0792
138 0775
138 0752
138 0746
138 0740
138 0735
138 0729
138 0544
137 0994
137 0991
137 0988
137 0986
137 0982
137 0980
137 0977
137 0974
137 0971
137 0960
137 0857
137 0954
137 0948
13.7 0936
137 0933
137 0931
137 0919
137 0912
137 0907
137 0905
137 0.896
137 0.884
137 0879
137 03864
137 0861
137 0838
137 0832
137 0815
137 0795
137 0780
137 0777
137 0994
137 0991
137 0988
137 0985
137 0982
137 0980
137 0977
137 0974
137 0971
137 0.968
137 0965
137 0962
137 0959
137 0954
137 0948
137 0942
137 0938
137 0936

54

Endurance
Lirnit
782
708
676
646
639

20643
1876.2
14821
11857
9881
8469
411
6587
5929
5390
4940
4235
3705
2964
2695
2470
2117
1976
1853
156.0
1098
988
926
89.8
872
847
823
76.0
68.9
674
659
644
631
375
28557
19705
14779
1182.3
9852
8445
7389
6568
5911
4222
3941
3695
3284
087
570
2463
2111
197.0
184.7
1791
1642
147.8
1407
1258
1232
1056
1019
924
833
778
768
20472
1864.8
14736
1178.9
9824
8420
73638
6549
5894
5358
4312
4534
4210
3084
3275
2947
2807
2679

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
63442844
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

1.58E-10

cycles per mile
Yield stress

1538
50 ksi
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Max
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
175
175
175
175
17%
17%
175
175
175

a
Pct
0.00007
0.00007
0.00015
0.00015
0.00022
0.00007
0.00015
0.00022
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00022
0.00007
0.00015
0.00007
0.00037
0.00007
0.00015
0.00007
0.00007
0.00015
0.00015
0.00007
0.0001%
0.00015
0.00022
0.00007
0.00007
0.02900
0.00626
0.01610
0.00171
0.00395
0.00030
000313
0.00052
0.00060
0.00015
0.00007
0.00022
0.00015
0.00007
0.00015
0.00037
0.00007
0.00015
0.00007
0.00007
0.00015
0.00007
0.00015
0.00007
0.00022
0.00007
0.00022
0.00015
0.00015
0.00015
0.00015
0.00030
0.00007
0.00015
0.00007
0.00007
0.00022
0.00007
0.00015
0.00007
0.00007
0.00015
0.00007
0.00007
0.00007
0.00007
0.06225
0.00634
0.03944
0.00149
0.01722
0.00157
0.00298
0.00045
0.00060

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
137 127
137 127
187 127
137 125
137 124
137 124
137 123
137 123
137 122
137 121
137 "y
137 M5
137 14
137 1.4
137 13
137 13
137 12
137 1A
187 1.0
137 109
137 10.9
137 10.9
137 108
137 108
137 107
187 107
187 106
137 106
137 10.5
137 104
137 103
137 100
137 94
136 136
136 135
136 135
136 135
136 134
136 134
136 133
136 133
136 133
136 132
136 132
136 131
136 131
136 130
136 129
136 129
136 128
136 127
136 126
136 125
136 125
136 124
136 122
136 122
136 121
136 1.9
136 "y
136 nr
136 16
136 ms
136 14
136 13
136 113
136 1.2
136 A
136 A
136 1o
136 109
136 109
136 108
136 107
136 106
136 106
136 105
136 104
136 103
136 135
136 135
136 135
136 134
136 134
136 133
136 133
136 133
136 132

Ilax R
Adjusted  Min/hax
137 0930
137 0927
137 0925
137 0812
137 0907
13.7 0.904
137 0901
137 03896
137 0890
137 0884
137 0855
137 0838
137 0835
137 0832
137 03826
137 0823
137 0820
137 0809
137 0802
137 0.800
137 0797
137 0794
137 0791
137 0788
137 0782
137 0780
137 0777
137 0774
137 0768
137 0756
137 0751
137 0733
137 0687
138 0994
136 0.991
136 0988
136 0985
138 0983
136 0980
136 0977
138 0974
138 0971
138 0968
136 0965
136 0959
138 0956
136 0951
1386 0948
1386 0942
138 0839
138 0830
136 0921
136 0919
138 0913
136 0907
1386 0895
138 0892
138 0889
136 0.869
136 0.860
136 0855
138 03848
136 03843
1386 0837
138 0831
138 0825
138 0820
136 0814
136 0811
136 03808
1386 0802
1386 0796
138 0788
138 0785
136 0779
136 0773
138 0770
138 0761
136 0756
138 0994
138 0991
138 0988
136 0985
136 0982
136 0980
136 0977
136 0974
1386 0971
55

Endurance
Lirnit
2456
2358
267
196.5
1842
1786
1734
1637
1551
1474
179
1063
1034
1016
98.2
96.6
5.1
893
867
854
842
3.0
818
807
786
7786
765
756
73T
702
685
641
546
29386
1959.1
1469.3
11754
9795
8396
347
653.0
5877
5343
4898
419.8
3918
3457
3265
2939
2799
2449
177
009
1959
1837
1633
1568
154.7
1306
1224
M75
130
10838
105.0
1013
98.0
948
91.8
a4
89.0
864
&40
805
794
773
753
744
i
700
29301
19534
1465.0
11720
9767
8372
325
6511
586.0

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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Atlas Railcar Phase 2 Final Report
Report No.: DE-NE0008390

Max
175
175
175
175
175
175
178
175
175
175
175
175
175
17%
175
175
175
175
175
175
17%
17%
175
175
175
175
175
175
17%
178
175
175
175
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
165
165
185
165
165
165
165
165
165
165
185
165
165
165
165
165
165

=4
o
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a
Pct
0.00015
0.00045
0.00022
0.00007
0.00007
0.00007
0.00007
0.00007
0.00015
0.00015
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00022
0.00007
0.00007
0.00007
0.00007
0.00022
0.00007
0.00022
0.00007
0.00022
0.0001%
0.00007
0.00007
0.00007
0.00007
0.02960
0.00634
0.02244
0.00253
0.01044
0.00075
0.00224
0.00030
0.00082
0.00015
0.00060
0.00052
0.00067
0.00052
0.00022
0.00007
0.00007
0.00022
0.00007
0.00022
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007
0.00015
0.00007
0.00022
0.00007
0.00007
0.00015
0.00015
0.00007
0.0001%
0.00007
0.00022
0.00007
0.06300
0.00708
0.07135
0.00388
0.02184
0.00097
0.00291
0.00045
0.00088
0.00030
0.00007
0.00022
0.00007
0.00007
0.00007
0.00007
0.00015

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
136 132
136 131
136 131
136 127
136 126
136 125
136 124
136 124
136 123
136 123
136 122
136 121
136 1.9
136 1.8
136 T
136 16
136 16
136 15
136 15
136 14
136 1.3
136 1.2
136 111
136 11
136 1.0
136 109
136 108
136 107
136 10.5
136 104
136 104
136 103
136 102
136 135
136 135
136 134
136 134
136 133
136 133
136 133
136 132
136 132
136 131
136 131
136 130
136 129
136 129
136 128
136 127
136 125
136 125
136 124
136 124
136 122
136 121
136 1.9
136 18
136 "y
136 M5
136 114
136 14
136 13
136 13
136 13
136 1.2
136 A
136 1.0
136 10.9
136 10.8
136 106
136 104
135 135
135 134
135 134
135 133
135 133
135 133
135 132
135 132
135 131
135 131
135 13.0
135 12.9
135 128
135 127
135 127
135 125
135 125

Ilax R
Adjusted  Min/hax
1386 0968
138 0965
138 0959
136 0936
136 0924
136 0918
138 0912
136 0910
1386 0907
138 0.901
138 0898
136 0889
136 0877
136 0.866
136 03860
136 03854
1386 0851
138 0848
138 0842
136 0837
136 0.831
136 0.825
136 0818
1386 0812
1386 0807
138 0802
138 0790
136 0784
136 0772
138 0767
136 0761
1386 0755
138 0749
138 0994
136 0.991
136 0988
136 0985
138 0982
136 0980
136 0977
138 0974
138 0971
138 0968
136 0965
136 0959
138 0953
136 0947
1386 0.941
1386 0939
138 0924
138 0918
136 0915
136 0912
138 0900
136 03885
1386 0877
138 0871
138 0860
136 0848
136 0842
136 0839
138 03838
136 03833
1386 0830
138 0824
138 0819
138 0812
136 0.807
136 0795
136 0778
1386 0766
135 0994
135 0991
135 0988
135 0985
135 0982
135 0979
135 0977
135 0974
135 0971
135 0965
135 0959
135 0952
135 0.944
135 0938
135 0935
135 0927
135 0924

56

Endurance
Lirnit
5327
4883
4188
2664
2254
003
1953
189.0
1831
1724
1874
1542
1395
1274
1221
M7z
114.9
127
1085
1046
101.0
977
945
916
888
862
814
792
751
733
715
698
68.1
29215
19477
1460.8
1168.6
9738
8347
7304
6492
5843
5312
486.9
HM74
3852
3246
2022
2782
247
2087
015
194.8
1719
1623
1391
1328
1217
1124
1082
106.2
1043
1025
1007
974
942
913
885
835
768
730
29130
18420
1456.5
1165.2
9710
8323
7282
6473
5826
4855
416.1
3641
30686
2774
6438
2330
2241

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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Atlas Railcar Phase 2 Final Report
Report No.: DE-NE0008390

Max
165
165
185
165
165
165
165
165
165
165
165
165
165
165
165
165
165
165
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
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a
Pct
0.00022
0.00015
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00015
0.00007
0.00007
0.00007
0.00007
0.00015
0.00007
0.00007
0.04555
0.01178
0.02818
0.00306
0.00842
0.00148
0.00395
0.00015
0.00178
0.00030
0.00089
0.00022
0.00075
0.00030
0.00007
0.00022
0.00030
0.00015
0.00007
0.00022
0.00037
0.00015
0.00015
0.00037
0.00015
0.00007
0.00007
0.00007
0.00022
0.00015
0.00037
0.00030
0.00045
0.00007
0.00007
0.00022
0.00007
0.00030
0.00007
0.00022
0.00015
0.00007
0.00015
0.00007
0.00007
0.12473
0.01528
0.09423
0.00514
0.02408
0.00127
0.00805
0.00037
0.00112
0.00007
0.00112
0.00015
0.00007
0.00045
0.00022
0.00007
0.00015
0.00015
0.00015
0.00022
0.0001%
0.00022
0.00022
0.00007
0.00007

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
135 124
135 123
135 122
135 120
135 1.8
135 1.4
135 mz
135 111
135 11
135 1A
135 109
135 108
135 107
135 10.6
135 105
135 104
135 102
135 100
135 134
135 134
135 133
135 133
135 133
135 132
135 132
135 131
135 131
135 131
135 130
135 130
135 129
135 129
135 128
135 128
135 127
135 126
135 12,6
135 125
135 125
135 124
135 123
135 122
135 121
135 121
135 12.0
135 9
135 T
135 16
135 15
135 14
135 113
135 1.3
135 m3
135 mz
135 111
135 11
135 1.0
135 109
135 109
135 108
135 10.8
135 108
135 107
135 134
135 133
135 133
135 133
135 13.2
135 13.2
135 131
135 131
135 131
135 13.0
135 13.0
135 12.9
135 12.9
135 128
135 127
135 127
135 126
135 126
135 125
135 124
135 123
135 123
135 122
135 122
135 121

Ilax R
Adjusted  Min/hax
135 0918
135 0912
135 0800
135 0886
135 0871
135 0842
135 03830
135 0824
135 0821
135 0818&
135 0.806
135 0795
135 0792
135 0782
135 0777
135 0771
135 0753
135 0742
135 0994
135 0.991
135 0988
135 0985
135 0982
135 0979
135 0976
135 0974
135 0971
135 0968
135 0.965
135 0962
135 0959
135 0953
135 0950
135 0947
135 0.941
135 0935
135 0932
135 0929
135 0923
135 0918
135 0912
135 0906
135 0800
135 0897
135 0888
135 0882
135 03865
135 0859
135 0852
135 0847
135 0841
135 0838
135 0835
135 03829
135 03826
135 0823
135 0817
135 0812
135 0.806
135 0802
135 0.800
135 0797
135 0794
135 0994
135 0991
135 0988
135 0985
135 0982
135 0979
135 0976
135 0973
135 0970
135 0968
135 0965
135 0959
135 0956
135 0953
135 0947
135 0941
135 0938
135 0935
135 0929
135 0922
135 0917
135 0911
135 0908
135 0906
135 0900

57

Endurance
Lirnit
2081
1942
1714
1494
1324
1079
1004
971
955
940
883
832
821
787
767
747
694
662
20044
1936.3
1452.2
1161.8
9681
8293
7261
6454
5809
5281
4841
4468
4149
3631
T
3227
2904
2640
2528
2420
2234
075
1936
1815
1708
166.0
1529
1452
1263
1210
116.2
M7
1078
1056
1037
1002
98.5
968
937
908
880
867
84
842
83.0
28959
1930.6
14479
1158.3
9853
8274
7240
6435
5792
5265
4828
4137
386.1
38620
3218
2896
2758
2633
2413
2228
068
1931
1868
1810
1703

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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Atlas Railcar Phase 2 Final Report
Report No.: DE-NE0008390

Max
155
155
155
155
155
195
155
155
155
155
155
155
155
155
155
155
155
155
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
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a
Pct
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00015
0.00007
0.00037
0.00030
0.00015
0.00007
0.00007
0.00015
0.00007
0.00007
0.00007
0.05763
0.01640
0.04100
0.00872
0.01566
0.00164
0.00805
0.00030
0.00358
0.00022
0.00157
0.00015
0.00052
0.00088
0.00007
0.00045
0.00045
0.00007
0.00015
0.00022
0.00045
0.00052
0.00007
0.00045
0.00060
0.00007
0.00007
0.00007
0.00015
0.00007
0.00022
0.00015
0.00030
0.00022
0.00007
0.00037
0.00007
0.00030
0.00015
0.00022
0.00007
0.00022
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.15842
0.02363
0.12689
0.00567
0.02557
0.00148
0.00462
0.00067
0.00127
0.00015
0.00075
0.00030
0.00007
0.00015
0.00045
0.00045
0.00022
0.00007
0.00022
0.00015
0.00030

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
135 120
135 1.8
135 M6
135 15
135 14
135 m3
135 13
135 mz
135 12
135 1A
135 1M1
135 1.0
135 109
135 10.8
135 108
135 107
135 105
135 104
134 133
134 133
134 133
134 13.2
134 132
134 131
134 131
134 131
134 13.0
134 13.0
134 12.9
134 129
134 129
134 128
134 127
134 127
134 126
134 126
134 125
134 125
134 124
134 123
134 123
134 122
134 121
134 121
134 12.0
134 120
134 m9
134 18
134 "7
134 mnr
134 M6
134 14
134 1.4
134 13
134 13
134 13
134 1.2
134 1.2
134 111
134 111
134 1.0
134 109
134 109
134 109
134 108
134 105
134 104
134 133
134 133
134 132
134 132
134 131
134 131
134 131
134 13.0
134 13.0
134 129
134 129
134 128
134 128
134 127
134 127
134 126
134 125
134 125
134 124
134 124
134 123

Ilax R
Adjusted  Min/hax
135 0894
135 0876
135 0861
135 0852
135 0846
135 0.841
135 03838
135 03835
135 0832
135 0829
135 0822
135 0820
135 0811
135 0.805
135 07939
135 0793
135 0779
135 0770
134 0994
134 0.991
134 0988
134 0985
134 0982
134 0979
134 0976
134 0872
134 0870
134 0967
134 0.964
134 0962
134 0959
134 0953
134 0950
134 0947
134 0.941
134 0938
134 0935
134 0929
134 0923
134 0917
134 0914
134 0911
134 0905
134 0899
134 0.896
134 03893
134 03887
134 0882
134 0876
134 0870
134 0.864
134 0852
134 0.849
134 03848
134 03843
134 0840
134 0837
134 0834
134 0831
134 0828
134 0822
134 0816
134 0813
134 0810
134 0805
134 0781
134 0775
134 0.994
134 0.991
134 0988
134 0985
134 0982
134 0979
134 0976
134 0972
134 0970
134 0967
134 0964
134 0958
134 0955
134 0952
134 0947
134 0.941
134 0935
134 0932
134 0929
134 0926
134 0923

58

Endurance
Lirnit
160.9
137.9
1232
1158
1114
1073
1053
1034
1016
999
965
949
05
878
852
827
772
743
28873
1924.9
1443.7
1154.9
%24
8249
7218
64186
5775
5250
4812
4442
4125
3609
3397
3208
2887
2750
825
2406
2221
2062
1991
1925
180.5
1698
165.0
1604
1520
1444
1375
1312
1255
1155
113.2
111
109.0
106.9
105.0
1031
1013
996
96.2
931
91.7
902
875
780
76.0
28788
1919.2
1439.4
11515
9596
8225
7197
6397
5758
5234
4798
4113
3838
35938
3199
2879
817
2503
2398
2303
214

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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Atlas Railcar Phase 2 Final Report
Report No.: DE-NE0008390

Max
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135

IR
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2305

1601

122

a
Pct
0.00007
0.00030
0.00007
0.00022
0.00015
0.00007
0.00007
0.00022
0.00007
0.00007
0.00022
0.00022
0.00022
0.00007
0.00022
0.00007
0.00015
0.00015
0.00007
0.11317
0.02222
0.04973
0.00656
0.02356
0.00261
0.01378
0.00134
0.00500
0.00022
0.00306
0.00037
0.00224
0.00015
0.00097
0.00007
0.00037
0.00022
0.00089
0.00007
0.00052
0.00060
0.00052
0.00007
0.0007%
0.00007
0.00067
0.00022
0.00007
0.00015
0.00022
0.00022
0.00015
0.00022
0.00037
0.00037
0.00007
0.00067
0.00030
0.00007
0.00052
0.00015
0.00037
0.00015
0.00015
0.00007
0.00007
0.00015
0.00007
0.00007
0.00007
0.00007
017184
0.01758
014172
0.00872
0.03519
0.00410
0.00910
0.00082
0.00440
0.00045
0.00208
0.00015
0.00082
0.00007
0.00082
0.00015
0.00045

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
134 123
134 123
134 122
134 122
134 1.9
134 e
134 ms
134 ms
134 14
134 14
134 13
134 111
134 A
134 1.0
134 109
134 108
134 107
134 105
134 101
133 133
133 13.2
133 13.2
133 131
133 131
133 131
133 13.0
133 13.0
133 12.9
133 12.9
133 129
133 128
133 128
133 127
133 127
133 127
133 126
133 12,6
133 125
133 125
133 125
133 124
133 123
133 123
133 122
133 122
133 121
133 121
133 120
133 120
133 1.9
133 1.8
133 My
133 nr
133 16
133 ms
133 15
133 14
133 13
133 1.3
133 1.3
133 1.2
133 111
133 111
133 1.0
133 1.0
133 109
133 109
133 107
133 10.6
133 106
133 102
133 132
133 132
133 131
133 131
133 131
133 130
133 130
133 129
133 12.9
133 12.9
133 12.8
133 128
133 127
133 127
133 127
133 126
133 126

Ilax R
Adjusted  Min/hax
134 0920
134 0917
134 0914
134 0911
134 0892
134 0.869
134 03863
134 0857
134 0854
134 0851
134 0846
134 0834
134 0828
134 0822
134 0816
134 03804
134 0798
134 0786
134 0756
133 0994
133 0.991
133 0988
133 0985
133 0982
133 0979
133 0976
133 0872
133 0970
133 0.967
133 0964
133 0961
133 0958
133 0955
133 0952
133 0949
133 0946
133 0942
133 0940
133 0937
133 0934
133 0929
133 0923
133 0820
133 0917
133 0914
133 0911
133 0905
133 0902
133 0899
133 0892
133 0887
133 0881
13.3 0875
133 03869
133 03863
133 0860
133 0857
133 0851
133 0848
133 0845
133 0839
133 03833
133 03830
133 0827
133 0824
133 0821
133 0815
133 0.802
133 0797
133 0791
133 0762
133 0994
133 0991
133 0988
133 0985
133 0982
133 0979
133 0976
133 0973
133 0870
133 0967
133 0964
133 0961
133 0958
133 0955
133 0952
133 0948
133 0946

59

Endurance
Lirnit
2132
2056
1985
1919
159.9
1309
1252
11938
175
1152
1107
1028
993
96.0
929
872
847
&0.0
702
28702
1913.5
14351
11481
9567
8201
7B
63738
5740
5219
4784
4416
4100
3827
35838
3377
3189
3021
2870
2734
609
2392
2208
2128
2050
197.9
1913
1794
174.0
1668
159.5
1511
1435
136.7
1305
1248
1221
1196
1148
1128
1104
106.3
1025
1007
99.0
973
957
926
g7.0
ed4
820
718
28617
1807.8
1430.8
11447
9539
8176
7154
63589
5723
5203
4769
4403
4088
338186
3»/77
3367
3180

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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Atlas Railcar Phase 2 Final Report
Report No.: DE-NE0008390

Max
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
125
125
125
125
125
125
125
125
125
12%
125
125
125
125

=4
Naosws

A S MR OTE O 0 RN s 01 00 R

3294
660
2822
259
752
266
137
&

29

a
Pct
0.00022
0.00007
0.00045
0.00007
0.00037
0.00082
0.00030
0.00007
0.00007
0.00007
0.00007
0.00022
0.00007
0.00015
0.00007
0.00007
0.00030
0.00022
0.00045
0.00030
0.00022
0.00022
0.00015
0.00015
0.00015
0.00015
0.00015
0.00007
0.00007
0.10065
0.02662
0.07918
0.01463
0.04026
0.00514
0.02244
0.00149
001238
000112
0.00492
0.00052
0.00261
0.00045
0.00253
0.0001%
0.00089
0.00007
0.00045
0.00007
0.00075
0.00082
0.00082
0.00015
0.00060
0.00007
0.00037
0.00007
0.00015
0.00015
0.00060
0.00037
0.00030
0.00045
0.00030
0.00037
0.00015
0.00015
0.00007
0.00007
0.00022
0.00007
0.00007
0.00007
0.00007
0.24558
0.04920
021039
001931
0.05606
0.00848
0.01983
0.00253
0.01021
0.00104
0.00649
0.00067
0.00291
0.00015

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
133 125
133 125
133 124
133 124
133 123
133 123
133 122
133 122
133 121
133 1.9
133 1.9
133 1.9
133 nr
133 s
133 ms
133 14
133 14
133 13
133 1.2
133 111
133 A
133 1.0
133 109
133 109
133 108
133 108
133 107
133 106
133 104
133 132
133 131
133 131
133 131
133 13.0
133 13.0
133 12.9
133 12.9
133 129
133 128
133 128
133 127
133 127
133 127
133 126
133 126
133 125
133 125
133 125
133 124
133 124
133 123
133 122
133 122
133 121
133 121
133 120
133 1.9
133 1.9
133 1.8
133 "y
133 nr
133 16
133 ms
133 14
133 13
133 113
133 1.2
133 A
133 1.0
133 109
133 109
133 106
133 105
133 105
132 131
132 131
132 131
132 130
132 130
132 12.9
132 12.9
132 129
132 128
132 128
132 127
132 127
132 127
132 126

Ilax R
Adjusted  Min/hax
133 0840
133 0937
133 0934
133 0931
133 0928
13.3 0922
133 0918
133 0916
133 0810
133 0898
133 0895
133 0892
133 0880
133 0.869
133 03863
133 03860
133 0857
133 0851
133 0845
133 0839
133 0832
133 0.827
133 03824
133 0821
133 0815
133 0809
133 0802
133 0797
133 0779
133 0994
133 0991
133 0988
133 0985
133 0982
133 0979
133 0976
133 0972
133 0970
133 0967
133 0964
133 0961
133 0958
133 0955
133 0952
133 0949
133 0948
133 0943
133 0840
133 0937
133 0934
133 0928
133 0922
13.3 0919
133 09186
133 0910
133 0904
133 0.901
133 0898
133 0892
133 0886
133 0.880
133 0874
133 03868
133 0862
133 0856
133 0850
133 0844
133 n.s83g
133 0832
133 03826
133 0820
133 0799
133 0792
133 0790
132 0994
132 0991
132 0988
132 0985
132 0982
132 0979
132 0976
132 0972
132 0870
13.2 0.967
13.2 0.964
132 0961
132 0958
132 0955

60

Endurance
Lirnit
2862
2725
2602
24838
2385
2201
2120
044
1908
1863
1835
159.0
1431
1301
1244
1218
1192
1145
1101
106.0
1022
@87
87.0
954
@23
894
8.7
842
773
28531
18021
1426.6
11412
9B10
8152
7133
6340
5706
5187
4755
4389
4078
3804
35686
3357
3170
3003
2853
77
2594
2378
2195
2113
038
1902
1763
1729
1878
1565
1502
1427
1359
1297
124.0
1169
1141
1097
1057
1019
984
951
852
827
815
28446
18964
14223
11378
9482
8127
EAAN|
6321
5689
5172
4741
43786
4064
3793

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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Atlas Railcar Phase 2 Final Report
Report No.: DE-NE0008390

Max
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
12%
125
125
125
125
125
125
125
12%
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
15
15
15
15
15
s
1%
15
15
15

RN RN = raZ
[SERPNRY [N XY A KR AN SNy X orEooonllg

2455

202

a
Pct
0.00164
0.00030
0.00060
0.00045
0.00060
0.00104
0.00030
0.00037
0.00007
0.00007
0.00007
0.00007
0.00022
0.00007
0.00015
0.00022
0.00052
0.00022
0.00022
0.00022
0.0001%
0.00022
0.00007
0.00007
0.00007
0.00015
0.00007
0.00022
0.0001%
0.18303
0.05055
0.12294
0.02490
0.06344
0.00753
0.02967
0.00283
0.01506
000112
0.00857
0.00083
0.00470
0.00015
0.00276
0.00022
0.00201
0.00022
0.00112
0.00007
0.00097
0.00037
0.00171
0.00030
000142
0.00022
0.00052
0.00007
0.00007
0.00045
0.00007
0.00022
0.00067
0.00037
0.00007
0.00060
0.00045
0.00052
0.00007
0.00022
0.00015
0.00007
0.00037
0.00007
0.00015
0.00007
0.00015
0.00015
0.00007
035062
0.06769
0.29180
0.02283
0.19704
0.01349
0.05040
0.00671
0.02490
0.00238

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
132 126
132 125
182 125
132 124
132 123
13.2 123
132 122
132 122
132 121
132 121
132 12.0
132 1.9
132 msg
132 nr
132 16
132 ms
132 15
132 14
132 114
132 1.3
132 1.3
132 1.2
132 111
132 11
132 1.0
182 109
182 107
132 106
132 104
132 131
132 131
132 130
132 130
132 12.9
132 12.9
132 12.9
132 12.8
132 128
132 127
132 127
132 127
132 126
132 126
132 125
132 125
132 125
132 124
132 124
132 123
182 123
182 123
132 122
13.2 122
132 121
132 121
132 120
132 1.9
132 1.9
132 1.8
132 1.8
132 nr
132 T
132 16
132 15
132 15
182 14
132 1.3
132 1.3
132 1.3
132 mz
132 11
132 11
132 1M1
182 1.0
132 1.0
132 109
132 108
132 104
131 131
131 130
131 130
131 129
131 12.9
131 12.9
131 12.8
131 128
131 127
131 127

Ilax R
Adjusted  Min/hax
132 0952
132 0949
132 0946
132 0840
132 0934
13.2 0928
132 0925
132 0922
132 0916
132 0912
132 0310
132 0904
132 0892
13.2 0.886
132 03880
132 0874
132 0868
132 0865
132 0862
132 0856
13.2 0852
13.2 0.850
132 03844
132 0838
132 0832
132 0826
132 0811
132 0802
13.2 0.790
132 0994
132 0991
132 0988
132 0985
132 0982
132 0979
132 0976
13.2 0972
132 0970
132 0967
132 0964
132 0961
132 0958
132 0955
132 0952
13.2 0949
132 0948
132 0943
132 0840
132 0937
132 0934
132 0931
132 0928
13.2 0925
132 0922
132 0916
132 0810
132 0904
132 0.901
132 0897
132 0894
13.2 0.891
132 03885
132 0879
132 0876
132 0872
132 0867
132 0861
13.2 0858
13.2 0855
132 03848
132 0846
132 0843
132 0840
132 0837
132 0834
132 0831
132 0818
132 0786
131 0994
131 0991
131 0988
131 0985
131 0982
131 0979
131 0976
131 0973
131 0970
131 0967

61

Endurance
Lirnit
3556
3347
3161
2845
25886
2370
2276
2188
2032
196.2
1896
17738
156.0
149.7
1422
1355
1203
1264
1237
1165
116.1
113.8
1094
1054
1016
981
a3
862
813
28360
1890.7
1418.0
11344
H53
8103
7090
6302
5672
5156
4727
436.3
4051
3781
3545
3338
3151
2985
2836
2701
2578
24686
2363
2269
2182
2026
1891
1773
1719
1668
1621
1576
1493
1418
1363
1350
1289
1233
12007
118.2
134
1112
1081
107.0
105.0
1031
1013
945
798
28275
1885.0
14137
11310
M25
80738
7069
6283
5655
5141

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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Atlas Railcar Phase 2 Final Report
Report No.: DE-NE0008390

Max
15
15
15
15
15
s
18
15
15
15
15
15
s
1%
15
15
15
15
15
15
s
1%
15
15
15
15
15
15
s
18
18
15
15
10
10
10
10
110
110
10
10
10
10
10
10
110
110
10
10
10
10
10
10
110
10
10
10
10
10
10
10
110
110
10
10
10
10
10
10
10
10
10
10
10
10
110
105
105
105
105
105
105
105
10%
10%
105
105
105

No.
129

39

21

10

1

I O O O U O O

3541
922
2060
527
1233
313

a
Pct
0.00962
0.00097
0.00291
0.00037
0.00157
0.00007
0.00075
0.00015
0.00082
0.00134
0.00030
0.00037
0.00015
0.00022
0.00015
0.00015
0.00015
0.00015
0.00007
0.00007
0.0001%
0.00015
0.00015
0.00022
0.00030
0.00015
0.00022
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.26393
0.06874
0.15358
0.03929
008192
002334
0.05047
0.00798
0.02155
0.00194
0.00939
0.00037
0.00552
0.00045
0.00238
0.00015
0.00208
0.00007
0.00194
0.00007
0.00350
0.00015
0.00164
0.00030
0.00037
0.00007
0.00015
0.00037
0.00045
0.00045
0.00045
0.00060
0.00067
0.00045
0.00037
0.00007
0.00007
0.00015
0.00015
0.00007
0.00007
0.00007
0.00007
080852
0.09640
041108
0.05703
0.18034
0.02663
0.06859
0.00582
0.01953
0.00164
0.00746
0.00030

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
131 127
131 126
131 126
131 125
131 125
131 125
131 124
131 124
131 123
131 123
131 122
131 122
131 121
131 121
131 120
131 m9
131 1.9
131 1.9
131 1.8
131 1.8
131 nr
131 1.6
131 ms
131 15
131 14
131 113
131 1.2
131 1M1
131 1.0
131 109
131 107
131 107
131 105
131 13.0
131 13.0
131 12.9
131 12.9
131 129
131 128
131 128
131 127
131 127
131 127
131 126
131 126
131 125
131 125
131 125
131 124
131 124
131 123
131 123
131 123
131 122
131 122
131 121
131 121
131 12.0
131 1.9
131 1.9
131 1.8
131 T
131 T
131 16
131 15
131 14
131 1.3
131 1.3
131 1.2
131 111
131 11
131 1.0
131 109
131 109
131 108
131 106
131 130
131 129
131 129
131 12.9
131 128
131 12.8
131 127
131 127
131 127
131 126
131 126
131 125

Ilax R
Adjusted  Min/hax
131 0964
131 0961
131 0958
131 0955
131 0952
131 0949
131 0948
131 0943
131 0840
131 0932
131 0930
131 0927
131 0921
131 n91e
131 0915
131 0908
131 0.906
131 0902
131 0800
131 0897
131 0.891
131 0.885
131 0879
131 0872
131 0867
131 0861
131 0855
131 0849
131 0837
131 0828
131 0816
131 0812
131 0.800
131 0994
131 0.991
131 0988
131 0985
131 0982
131 0979
131 0976
131 0972
131 0g70
131 0967
131 0.964
131 0.961
131 0958
131 0955
131 0951
131 0948
131 0845
131 0842
131 0939
131 0936
131 0933
131 0930
131 0927
131 0921
131 0915
131 0912
131 0909
131 0.902
131 03897
131 03891
131 0885
131 0879
131 0872
131 0867
131 0.860
131 0854
131 03851
131 0848
131 0842
131 0836
131 0830
131 0824
131 0.806
131 0994
131 0991
131 0988
131 0985
131 0982
131 0979
131 0976
131 0972
131 0970
131 0967
131 0963
131 0960

62

Endurance
Lirnit
4712
4350
4039
3770
3534
3328
3142
976
2827
2570
2459
2358
2175
004
020
1885
1824
1767
1714
166.3
1571
148.8
1414
1346
1265
1229
178
1131
1047
99.2
927
912
857
28189
16879.3
1409.5
11276
9396
8054
047
6264
56338
5125
4598
4337
4027
3758
3524
33186
3132
267
2819
085
563
2451
23439
21638
2014
1944
1879
176.2
16538
1566
1464
1409
1342
1281
1226
M75
1151
1128
1064
1044
1007
972
881
28104
18736
1405.2
11241
93638
8030
7028
6245
5621
5110
4584
4324

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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Atlas Railcar Phase 2 Final Report
Report No.: DE-NE0008390

Max
105
105
105
105
105
105
105
105
105
105
105
105
105
10%
105
105
105
105
105
105
10%
10%
105
105
105
105
105
105
10%
105
100

N
B3

L L LR AN N WD O R S s LR e s I

4890
1557
3357

1551

318

a
Pct
0.00403
0.00007
0.00148
0.00030
0.00134
0.00007
0.00164
0.00015
0.00030
0.00007
0.00022
0.00007
0.00015
0.00030
0.00022
0.00007
0.00007
0.00015
0.00045
0.00045
0.00022
0.00015
0.00015
0.00007
0.00022
0.00007
0.00007
0.00007
0.00007
0.00007
034965
0.11608
0.24282
0.06717
0.11563
0.01849
0.05509
0.00470
002371
0.00164
0.01252
0.00037
0.00671
0.00082
0.00410
0.00007
000313
0.00015
0.00432
0.00007
0.00238
0.00007
0.00037
0.00052
0.00015
0.00007
0.00052
0.00060
0.00022
0.00015
0.00067
0.00030
0.00022
0.00007
0.00007
0.00022
0.00015
0.0001%
0.00007
0.00015
0.00015
0.00022
0.00007
0.00007
0.58897
0.12860
045268
0.04794
018593
0.01610
0.07336
0.00470
0.02378
0.00164
0.00768
000142
000283
0.00015

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
131 125
131 125
131 124
131 124
131 123
131 123
131 123
131 122
131 122
131 121
131 121
131 121
131 120
131 1.9
131 m9
131 ms
131 "y
131 16
131 15
131 M5
131 1.4
131 1.3
131 13
131 12
131 11
131 109
131 108
131 107
131 104
131 102
130 129
130 129
130 12.9
130 12.8
130 128
130 127
13.0 127
130 127
13.0 126
13.0 126
130 125
130 125
130 125
130 124
13.0 124
130 123
13.0 123
130 123
130 122
130 122
130 121
130 121
13.0 121
130 120
13.0 119
130 1.9
130 18
130 "y
130 "y
130 1.6
13.0 5
130 14
13.0 13
130 13
130 1.2
130 1.2
130 M
13.0 1.0
13.0 10.9
130 108
130 107
130 106
130 106
130 106
130 12.9
130 12.9
130 128
130 128
13.0 127
130 127
130 127
130 126
130 126
13.0 125
13.0 125
13.0 125
13.0 124
130 124

Ilax R
Adjusted  Min/hax
131 0957
131 0954
131 0951
131 0948
131 0945
131 0942
131 0938
131 0936
131 0933
131 0930
131 0927
131 0924
131 0921
131 0915
131 0908
131 0903
131 0897
131 0890
131 0884
131 0878
131 0872
131 0.869
131 03863
131 0860
131 0848
131 0836
131 0824
131 0817
131 0799
131 0781
130 0994
130 0991
130 0988
130 0985
13.0 0982
13.0 0979
13.0 0976
130 0973
130 0963
130 0966
130 0962
130 0960
130 0857
130 0954
13.0 0951
130 0948
130 0945
130 0942
130 0939
130 0936
130 0832
13.0 0930
13.0 0927
130 0921
130 0915
130 0912
130 0908
130 0902
13.0 0.896
13.0 0.890
13.0 0.884
130 0878
130 0872
130 0.866
130 0862
130 0860
130 0854
13.0 0.847
13.0 0.841
130 03829
130 0823
130 0817
130 0814
130 0811
13.0 0994
13.0 0991
130 0988
130 0985
130 0982
130 0979
130 0976
130 0972
13.0 0969
13.0 0.966
13.0 0962
130 0960
130 0957
130 0954

63

Endurance
Lirnit
4015
3747
3513
3308
3123
2058
2810
w/TT
2555
2444
2342
2248
2162
007
1874
1756
1653
156.1
147.9
1405
1338
13007
1248
1222
1124
1041
969
@37
852
781
28018
1867.9
1400.9
11207
9339
8005
005
6226
5604
5094
487.0
4310
4003
3738
3502
3296
3113
2949
2802
2663
2547
24386
2335
2155
2001
1932
186.8
1751
1648
1557
1475
1401
1334
1274
1245
1218
116.7
1121
1078
10001
966
934
919
a4
27933
1862.2
1396.6
11173
311
7981
6983
6207
5587
5079
855
4297
3990
3724

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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a
Pct
0.00082
0.00208
0.00052
0.00037
0.00007
0.00015
0.00022
0.00007
0.00007
0.00007
0.00045
0.00037
0.00030
0.00007
0.00037
0.00022
0.00022
0.00007
0.00015
0.00007
0.00007
0.00022
0.00007
0.00007
045224
0.10497
0.26772
0.04406
0.11876
0.02050
005882
0.00618
0.03504
0.00148
0.01402
0.00060
0.00842
0.00030
0.00507
0.00015
0.00582
0.00015
0.00238
0.00007
0.00030
0.00030
0.00045
0.00007
0.00052
0.00104
0.00060
0.00097
0.00045
0.00007
0.00052
0.00015
0.00015
0.00022
0.00015
0.00007
0.00015
0.00022
0.00007
0.00007
0.00007
0.61148
0.14180
049130
0.05301
022754
0.02177
0.05905
0.00485
0.01938
0.00104
0.00828
0.00007
0.00529
0.00537
0.00045
0.00045
0.00037
0.00007
0.0001%
0.0001%
0.00045
0.00015
0.00015

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
130 123
130 123
130 122
130 122
130 121
13.0 12.0
130 9
13.0 119
130 18
130 "y
130 16
130 M5
130 s
13.0 14
13.0 14
13.0 13
130 13
130 1.2
130 M
130 111
13.0 A
13.0 10.9
13.0 104
130 100
129 129
129 128
129 128
129 127
129 127
129 127
129 126
129 126
129 125
129 125
129 125
129 124
129 124
129 123
129 123
129 123
129 122
129 122
129 121
129 121
129 121
129 120
129 m9
129 1.9
129 18
129 mnr
129 mnr
129 1.6
129 s
129 ms
129 14
129 13
129 13
129 13
129 111
129 111
129 1.0
129 109
129 109
129 108
129 107
129 128
129 128
129 127
129 127
129 127
129 126
129 126
129 125
129 125
129 125
129 124
129 124
129 123
129 123
129 122
129 122
129 121
129 121
129 12.0
129 1.9
129 m9
129 ms
129 18

Ilax R
Adjusted  Min/hax
130 0951
130 0945
130 0842
130 0839
13.0 0932
13.0 0927
130 0920
130 0914
130 0908
130 0899
130 0896
13.0 0.890
130 0884
13.0 0.881
130 0878
130 0875
130 0871
130 0865
130 0859
13.0 0856
13.0 0852
13.0 0.841
130 03804
130 0770
129 0994
128 0991
128 0988
129 0985
129 0982
129 0979
129 0975
129 0972
128 0969
128 0.966
129 0962
129 0960
129 0957
129 0954
129 0951
129 0948
128 0945
129 0942
128 0839
129 0936
129 0932
129 0926
129 0920
129 0917
129 0914
128 0908
128 0802
129 0.896
12.9 0.839
129 03886
129 03883
129 0877
128 0874
128 0871
129 0859
129 0856
129 0852
129 03848
129 03840
129 0834
128 0828
128 0994
128 0991
129 0988
129 0985
129 0982
128 0978
129 0975
128 0972
128 0969
129 0.966
129 0962
129 0960
129 0957
129 0951
128 0948
128 0945
129 0938
129 0935
129 0932
129 0926
129 0920
129 0917
129 0914

64

Endurance
Lirnit
3492
3104
2940
2793
2539
328
2149
1995
186.2
1893
1843
1552
147.0
143.2
1397
1363
1330
127.0
1214
1169
1164
1074
873
745
27847
1856.5
13924
1113.9
9282
956
6962
6183
556.9
5063
4641
4264
33978
373
3481
3276
3094
2931
2785
2852
2532
2321
2142
2063
1969
1858
174.0
1638
154.7
1505
1466
1392
1358
1326
1211
1165
116.0
1114
1071
1031
995
27762
1850.8
1388.1
1110.5
9254
7932
634.0
6169
5552
50438
4827
4271
3966
3470
3266
3085
278
2644
2624
213
2136
056
1963

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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a
Pct
0.00030
0.00007
0.00037
0.00030
0.00007
0.00037
0.00007
0.00022
0.00022
0.00007
0.00007
0.00007
0.00007
0.00007
057070
011615
0.34868
0.05077
0.15634
0.01655
0.08911
0.00365
0.03428
0.00118
0.01782
0.00052
0.00820
0.00030
0.00962
0.00015
0.00470
0.00007
0.00030
0.00007
0.00037
0.00007
0.00052
000112
0.00007
0.00088
0.00075
0.00007
0.00097
0.00007
0.00060
0.00007
0.00030
0.00015
0.00030
0.00007
0.00007
0.00022
0.00007
0.00007
060887
0.13397
043434
0.05450
0.15790
0.01640
0.08576
000522
002751
0.00142
001111
0.00045
0.00828
0.00112
0.0007%
0.00030
0.00030
0.00007
0.00007
0.00022
0.00022
0.00022
0.00015
0.00007
0.00015
0.00015
0.00007
0.00022
0.00007
0.00007
0.00007
0.00015
0.00007
0.63422

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
129 "y
129 "y
129 M6
129 15
129 M5
129 s
129 14
129 14
129 13
129 13
129 1M1
129 111
129 109
129 10.5
129 128
129 127
129 127
129 127
129 126
129 126
129 125
129 125
129 125
129 124
129 124
129 123
129 123
129 123
129 122
129 122
129 121
129 121
129 121
129 12.0
129 12.0
129 1.9
129 1.9
129 me
129 ms
129 7
129 "y
129 M6
129 M6
129 s
129 s
129 ms
129 14
129 13
129 13
129 1.2
129 A
129 1.0
129 10.9
129 105
128 127
128 127
128 127
128 126
128 126
128 125
128 125
128 125
128 124
128 124
128 123
128 123
128 123
128 122
128 122
128 121
128 120
128 1.9
128 1.9
128 1.8
128 "y
128 1.6
128 ms
128 ms
128 ms
128 14
128 13
128 1.3
128 111
128 A
128 10.9
128 105
128 104
128 127

Ilax R
Adjusted  Min/hax
129 0908
128 0905
128 0901
128 0895
129 0892
12.9 0.839
129 03886
129 03883
129 0880
128 0877
128 0.864
129 0858
129 0.846
129 0815
129 0994
129 0991
129 0988
128 0985
128 0981
129 0978
129 0975
129 0972
129 0963
129 0.966
129 0963
128 0960
128 0857
129 0954
129 0951
129 0947
129 0944
129 0.941
128 0938
128 0935
129 0932
129 0929
129 0926
129 0920
129 0917
129 0913
128 0907
129 0904
128 0901
129 0.898
129 0.895
129 0892
129 03889
129 0882
129 0876
128 0870
128 0.864
129 0858
12.9 0.846
129 0815
128 0994
128 0991
128 0988
128 0985
128 0981
128 0978
12.8 0975
128 0972
128 0963
128 0.966
128 0962
128 0960
128 0857
12.8 0954
12.8 0950
1238 0944
128 0938
128 0932
128 0926
128 0819
128 0912
128 0907
128 0901
128 03898
128 03885
128 0888
128 0885
128 0882
128 0870
12.8 0.864
12.8 0.854
128 03820
128 03808
128 0994

65

Endurance
Lirnit
185.1
1791
1735
1633
1566
154.2
15001
146.1
1424
1388
126.2
12007
1110
925
27676
18451
1383.8
1107.0
Q25
7907
6919
6150
5535
5032
4513
4258
3954
3690
3460
32586
3075
2913
27638
2636
25186
2407
22308
2129
2050
1977
1845
1788
173.0
1677
1628
1581
1538
1457
1364
1318
1258
1203
1107
923
27581
18334
13795
1103.6
9197
7883
6398
6131
5518
5016
4598
4245
3942
3w/79
3449
3066
2759
2508
2299
2122
1971
1839
1724
1672
1623
1533
1491
1452
1314
1254
1174
951
89.0
27505

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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a
Pct
0.11428
0.39312
0.05188
017401
0.01923
0.08313
0.00365
0.04190
0.00082
0.02058
0.00052
0.01528
0.00022
0.00760
0.00060
0.00052
0.00082
0.00015
0.00097
0.00007
0.00112
0.00097
0.00007
0.00052
0.00052
0.00022
0.00052
0.00007
0.00022
0.00007
0.00007
0.00015
0.00007
0.00030
0.54267
0.12980
046685
0.05450
0.20480
0.01446
0.07440
0.00477
0.02662
0.00112
0.01812
0.00075
0.00088
0.00037
0.00015
0.00030
0.00030
0.00007
0.00007
0.00022
0.00015
0.00022
0.00030
0.00022
0.00015
0.00007
0.00007
0.00015
0.00007
0.00007
0.72942
012130
052716
0.04749
0.21986
001677
0.11623
0.00440
0.05517
0.00118
0.03124
0.00022
0.00984
0.00007
0.00052
0.00007
0.00082
0.00052
0.00075
0.00007
0.0007%
0.00104
0.00067
0.00052

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
128 127
128 126
128 126
128 125
128 125
128 125
128 124
128 124
128 123
128 123
128 123
128 122
128 122
128 121
128 121
128 120
128 1.9
128 1.9
128 1.8
128 1.8
128 nr
128 nr
128 16
128 16
128 15
128 M5
128 14
128 14
128 1.3
128 13
128 mz
128 12
128 1A
128 M
127 127
127 126
127 12,6
127 125
127 125
127 125
127 124
127 124
127 123
127 123
127 123
127 122
127 122
127 121
127 120
127 1.9
127 1.9
127 1.8
127 1m.8
127 T
127 16
127 16
127 15
127 15
127 1.2
127 111
127 M1
127 o
127 107
127 106
127 126
127 126
127 125
127 125
127 125
127 124
127 124
127 123
127 123
127 123
127 122
127 122
127 121
127 121
127 121
127 12.0
127 12.0
127 1.9
127 1.8
127 1.8
127 nr
127 T
127 16
127 15

Ilax R
Adjusted  Min/hax
128 0991
128 0988
128 0984
128 0981
128 0978
12.8 0975
128 0972
128 0963
128 0.966
128 0962
128 0960
128 0956
128 0952
12.8 0950
128 0944
128 0938
128 0932
128 0929
128 0925
128 0922
12.8 0919
12.8 0912
128 0910
128 0907
128 0.901
128 0897
128 0894
128 0.891
12.8 0888
128 0882
1238 0879
128 0876
128 0872
128 0869
127 0994
127 0.991
127 0988
127 0984
127 0981
127 0978
127 0975
127 0972
127 0969
127 0.966
127 0.962
127 0959
127 0956
127 0950
127 0944
127 0938
127 0931
127 0928
12.7 0925
127 0918
127 0913
127 0810
127 0.906
127 0.900
127 0882
127 0875
127 0.869
127 03863
127 03838
127 0832
127 0994
127 0991
127 0987
127 0984
127 0.981
127 0978
127 0875
127 0972
127 0969
127 0966
127 0962
127 0959
127 0956
127 0953
127 0950
127 0847
127 0944
127 0937
127 0931
127 0928
127 0925
127 0918
127 0912
127 0.906

66

Endurance

Lirnit
18337
13753
1100.2
91638
7859
6376
6112
55001
5001
4564
4232
3929
36/67
3438
3056
2751
2500
2392
2292
2200
2118
196.5
1897
1834
1719
186.7
1818
1572
1528
1448
1411
1375
1342
1310
27420
1828.0
1371.0
1096.8
9140
834
6855
6093
5484
4985
4570
4218
3917
427
3047
2742
2493
2384
2285
2109
1959
1891
1828
1714
1443
1371
1306
1246
1055
1016
27334
18223
1368.7
1003.4
9111
810
6834
6074
5467
4370
4558
4205
3905
3845
7
3216
3037
2733
2485
877
278
2103
1952
1822

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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a
Pct
0.00045
0.00022
0.00030
0.00022
0.00015
0.00007
060529
0.11846
0.50979
0.04876
0.21769
0.02005
0.08864
0.00455
0.04451
000194
0.00283
0.00007
0.00045
0.00052
0.0001%
0.00030
0.00007
0.00022
0.00007
0.00007
0.00007
0.00022
0.00022
0.00007
0.00007
0.00015
0.00007
0.00007
0.93556
0.13762
0.81113
0.05867
038148
0.01968
0.16618
0.00417
0.06598
0.00067
0.01349
000112
0.00007
0.00088
0.00127
0.00007
0.00148
0.00142
0.00007
0.00067
0.00015
0.00060
0.00045
0.00030
0.00007
0.00015
0.00015
0.00015
0.00007
0.00007
0.63005
0.14448
053432
0.06404
0.25199
002169
0.09781
0.00388
0.00186
0.00097
0.00037
0.00007
0.00015
0.00037
0.00007
0.00007
0.00007
0.00015
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
127 14
127 13
127 113
127 1.2
127 1M1
127 105
127 126
127 125
127 125
127 125
127 124
127 124
127 123
127 123
127 123
127 122
127 122
127 121
127 121
127 12.0
127 1.9
127 1.9
127 ms
127 "y
127 "y
127 M6
127 M5
127 M5
127 1.4
127 13
127 13
127 11
127 1.0
127 109
126 125
126 125
126 125
126 124
126 124
126 123
126 123
126 123
126 122
126 122
126 121
126 121
126 120
126 120
126 1.9
126 1.9
126 1.8
126 My
126 nr
126 T
126 16
126 16
126 15
126 14
126 14
126 1.3
126 1.3
126 mz
126 111
126 106
126 125
126 125
126 124
126 124
126 123
126 123
126 123
126 122
126 122
126 121
126 12.0
126 12.0
126 9
126 9
126 me
126 "y
126 "y
126 M6
126 M5
126 s
126 5
126 14
126 13
126 11

Ilax R
Adjusted  Min/hax
127 0900
127 0894
127 0887
127 0881
127 0875
12.7 0825
127 0994
127 0991
127 0987
127 0984
127 0981
127 0978
127 0975
127 0972
127 0963
127 0965
127 0962
127 0959
127 0956
127 0950
127 0.944
127 0937
127 0931
127 0925
127 0922
127 0918
127 0812
127 0906
127 0.900
127 03896
127 03893
127 0881
127 0871
127 0862
126 0994
126 0.991
126 0987
128 0984
126 0981
126 0978
128 0975
128 0972
128 0969
126 0965
126 0962
128 0956
126 0953
1286 0950
1286 0943
128 0840
128 0837
126 0931
128 0928
128 0924
126 0921
1286 0918
128 0912
128 0.906
126 0902
126 0899
126 0.892
128 03887
126 03880
1286 0836
128 0994
128 0991
128 0987
126 0984
126 0.981
128 0978
1286 0875
1286 0972
128 0.968
128 0962
126 0956
126 0952
128 0948
128 0943
126 0937
128 0934
128 0931
128 0924
126 0918
126 0915
126 0912
126 0905
126 03893
1286 0886

67

Endurance
Lirnit
1708
180.8
1519
1439
136.7
976
27249
1816.6
13624
1083.9
083
7785
6812
6055
5450
4954
4541
4192
3893
34086
3028
2725
477
2741
2180
2008
1948
1817
1703
1651
1603
1434
1329
1239
27163
1810.9
123582
1086.5
w54
761
679.1
60386
5433
4939
4527
3880
3622
3395
30138
2859
27118
2469
2362
2264
21173
2089
194.0
1811
1752
1698
159.8
1509
143.0
1045
27078
1805.2
1353.9
1083.1
028
TI38
6769
6017
5416
4513
38638
3610
3385
3009
2708
579
2462
2258
083
008
1934
1805
1692
1504

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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==

LW W

8837
2334
8440

748
2726

=

[ N N )

22074
2052
16038

5070

317

a
Pct
0.00015
0.00007
133924
0.15261
137244
0.07739
044978
0.01648
0.13091
0.00075
0.01946
0.00231
0.00015
0.00124
000112
0.00157
0.00082
0.00007
0.00075
0.00060
0.00030
0.00022
0.00007
0.00022
0.00022
0.00007
0.66255
017401
0.62023
005577
020323
0.00963
0.00343
0.00007
0.00075
0.00007
0.00112
000186
0.00007
0.00075
0.00015
0.00022
0.00007
0.00015
0.00022
0.00007
0.00030
0.00007
0.00007
0.00007
1.64568
0.15298
1.19568
0.04682
037798
0.00178
0.03534
0.00007
0.00186
0.00007
0.00261
0.00201
0.00171
0.00148
0.00007
0.00067
0.00037
0.00045
0.0001%
0.00015
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.73628
0.13606
0.59329
0.03057
0.00783
0.00007
0.00246
0.00022
0.02363

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
126 11
126 109
125 125
125 124
125 124
125 123
125 123
125 123
125 122
125 122
125 121
125 121
125 120
125 12.0
125 m9
125 ms
125 "7
125 "y
125 mnr
125 1.6
125 s
125 1.4
125 13
125 13
125 12
125 A
125 124
125 124
125 123
125 123
125 123
125 122
125 122
125 121
125 121
125 121
125 12.0
125 9
125 m9
125 119
125 18
125 mnr
125 M6
125 s
125 s
125 14
125 14
125 13
125 13
125 109
125 124
125 123
125 123
125 123
125 122
125 122
125 121
125 121
125 121
125 12.0
125 12.0
125 9
125 ms
125 "7
125 "y
125 mnr
125 M6
125 s
125 s
125 14
125 13
125 13
125 12
125 A
125 111
125 1M1
125 106
125 106
125 101
124 123
124 123
124 123
124 122
124 122
124 121
124 121
124 121
124 120

Ilax R
Adjusted  Min/hax
1286 0880
128 0867
125 0994
125 0890
125 0987
125 0934
125 0981
125 0978
125 0975
125 0971
125 0968
125 0962
125 0959
125 0956
125 0948
125 0943
125 0937
125 0932
125 0830
125 0924
125 n91e
125 0911
125 0905
125 0899
125 0892
125 0886
125 0994
125 0990
125 0987
125 0984
125 0981
125 0978
125 0975
125 0971
125 0968
125 0965
125 0962
125 0956
125 0952
125 0948
125 0942
125 0936
125 0830
125 0924
125 0917
125 0914
125 0911
125 0905
125 0.901
125 0870
125 0994
125 0990
125 0987
125 0984
125 0981
125 0978
125 0974
125 0971
125 0968
125 0965
125 0962
125 0955
125 0948
125 0943
125 0939
125 0936
125 0830
125 0922
125 0920
125 0917
125 0811
125 0904
125 0.901
125 0895
125 0892
125 0888
125 03853
125 03847
125 03808
124 0994
124 0990
124 0987
124 0984
124 0.981
124 0978
124 0974
124 0971
124 0968

68

Endurance
Lirnit
1425
1269

2699.2
1798.5
1349.6
1079.7
8997
T2
6743
59938
53938
4499
4153
38586
3374
2999
2699
2571
2454
249
078
192.8
17938
1667
1568
150.0
26907
1793.8
13453
10763
8969
7683
6727
5979
5381
4892
454
3844
3588
3363
2990
2691
2448
242
070
1993
1922
1794
1736
1313
26821
1788.1
13411
1072.8
8940
7663
6705
596.0
5364
4877
247.0
3832
3353
2980
2823
2682
24338
2235
2148
2063
18186
1768
173.0
1828
1578
1533
1686
1M138
894
26736
17824
1336.8
1069.4
8912
7839
6684
5941
5347

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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[P N )

8727

4823

a
Pct
0.00007
0.00664
0.00015
0.00082
0.00022
0.00007
0.00022
0.00007
0.00022
0.00045
0.00022
0.00007
0.00007
0.00007
165522
014322
157888
0.00753
0.08506
0.00030
0.00365
0.00007
0.00350
0.00291
0.00007
0.00164
0.00007
0.00089
0.00007
0.00075
0.00075
0.00007
0.00045
0.00015
0.00015
0.00007
0.00007
081151
012122
011183
0.00007
0.10795
0.00052
0.04898
0.00007
0.00104
0.00015
0.00037
0.00022
0.00022
0.00007
0.00007
0.00007
0.00022
0.00037
0.00007
0.00060
0.00015
0.00015
0.00007
0.00007
277664
0.08043
0.88621
0.00194
0.00708
0.00015
0.00574
0.00022
000283
0.00186
0.00007
0.00052
0.00082
0.00015
0.00067
0.00052
0.00007
0.00045
0.00007
0.00007
0.00007
0.00015
0.00007
0.65062
000112
036702
0.00037

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
124 120
124 1.9
124 1.9
124 1.9
124 My
124 nr
124 16
124 ms
124 15
124 14
124 1.2
124 111
124 A
124 1.0
124 123
124 123
124 122
124 122
124 121
124 121
124 121
124 12.0
124 120
124 1.9
124 1.9
124 1.8
124 1.8
124 My
124 nr
124 T
124 16
124 15
124 15
124 14
124 1.3
124 1.2
124 10.8
123 123
123 122
123 122
123 121
123 121
123 121
123 120
123 12.0
123 9
123 m9
123 1.9
123 18
123 mnr
123 mnr
123 1.6
123 e
123 ms
123 ms
123 14
123 14
123 1.2
123 1.0
123 107
123 104
123 122
123 122
123 121
123 121
123 121
123 12.0
123 12.0
123 1.9
123 19
123 18
123 18
123 "y
123 mnr
123 1.6
123 1.6
123 ms
123 ms
123 14
123 13
123 109
123 108
123 107
123 10.2
123 122
123 121
123 121
123 121

Ilax R
Adjusted  Min/hax
124 0965
124 0962
124 0958
124 0955
124 0942
124 0939
124 0938
124 0930
124 0923
124 0917
124 0.904
124 0898
124 0.891
124 0.885
124 0994
124 0980
124 0987
124 0984
124 0981
124 0978
124 0974
124 0971
124 0968
124 0962
124 0958
124 0855
124 0852
124 0949
124 0945
124 0942
124 0938
124 0933
124 0929
124 0922
124 0917
124 0904
124 0.868
123 0994
123 0980
123 0987
123 0984
123 0981
12.3 0977
123 0974
123 0971
123 0968
123 0965
123 0961
123 0955
123 0849
123 0845
123 0942
12.3 0939
123 0938
123 0929
123 0926
123 0923
123 0310
123 0.891
123 0.865
12.3 0839
123 0994
123 0980
123 0987
123 0984
123 0981
12.3 0977
123 0974
123 0971
123 0968
123 0961
123 0958
123 0955
123 0948
123 0945
123 0942
123 0935
123 0932
123 0929
123 0923
123 0890
123 0881
123 0871
123 0.829
12.3 0.994
123 0980
123 0987
123 0984
69

Endurance
Lirnit
486.1
4456
4113
3819
2071
814
‘T4
2431
2228
2057
1762
1671
1573
1485
26650
1776.7
13325
1066.0
8883
7614
6863
5922
5330
4442
4100
3807
3553
3331
3135
2961
;65
25338
2423
2221
2050
a7
130.0
2656 5
1771.0
13282
1062.6
8855
7590
664.1
5903
5313
4330
4427
3795
3321
3125
2952
27986
56
2415
2310
214
189.7
156.3
1265
106.3
26479
17653
1324.0
1059.2
8828
7565
6520
5884
52986
4413
4074
3783
3310
3115
2042
w438
522
2407
2207
1558
1431
1324
99.9
26394
1759.6
1319.7
10557

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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No.
386

[ R S N ]

1

31560
5740

19970
956
5567
300
1639

845

a
Pct
0.02878
0.00030
0.00380
0.00007
0.00127
0.00022
0.00127
0.00007
0.00030
0.00052
0.00030
0.00007
0.00030
0.00007
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.73680
0.11048
0.04436
0.00440
0.00810
0.00112
0.00268
0.00037
0.00261
0.00030
0.00097
0.00015
0.00089
0.00015
0.00052
0.00022
0.00037
0.00015
0.00067
0.00015
0.00030
0.00022
0.00022
0.00007
0.00007
0.00007
145445
0.12562
057823
0.03072
0.16394
0.00828
005882
0.00365
0.02602
0.00083
0.00947
0.00082
0.00335
0.00045
0.00306
0.00037
0.00350
0.00052
0.00097
0.00007
0.00104
0.00030
0.00022
0.00022
0.00007
0.00007
0.00007
0.00007
0.00015
0.00007
0.00007
2.35288
042793
148882
0.07127
041504
0.02237
012218
0.00276
0.04808

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic

Ilax
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
121
121
121
121
121
121
121
121
121

Stress

Min

Ilax R
Adjusted  Min/hax
123 0981
123 0977
123 0974
123 0971
123 0968
12.3 0.964
123 0961
123 0958
123 0955
123 0948
123 0942
123 0938
123 0935
12.3 0925
123 0922
123 0916
123 0903
123 0896
12.3 0890
123 0882
123 0832
12.3 0812
122 0994
122 0990
122 0987
122 0984
122 0981
122 0977
122 0974
122 0971
122 0968
122 0964
122 0961
122 0958
122 0955
122 0951
12.2 0948
122 0945
122 0942
122 0938
122 0935
122 0932
122 0929
122 0922
122 0919
122 0908
122 03893
122 0882
122 0993
122 0890
122 0987
122 0984
12.2 0930
122 0977
122 0974
122 0971
122 0967
122 0.964
122 0961
122 0958
12.2 0954
122 0951
122 0948
122 0945
122 0941
122 0938
122 0835
122 0932
122 0928
122 0922
122 0815
122 0909
122 0902
122 0896
122 0889
122 0882
122 0870
122 03863
122 03850
121 0992
121 0990
121 0987
121 0984
121 0980
121 0977
121 0974
121 0971
121 0967

70

Endurance
Lirnit
8793
541
65938
5865
5279
479.9
4399
406.1
37741
3299
2933
27178
2839
2205
2198
2030
176.0
185.0
1553
1466
1015
91.0
26308
1753.9
13154
10523
8769
1T
6577
5846
5262
4783
4385
4047
3758
3508
3289
3005
923
2768
2631
2508
2392
2192
2105
1879
169.7
146.2
26223
17482
13111
10489
874.1
7492
6556
5827
5245
4768
4370
4034
3748
3496
3278
3085
2914
2760
2622
2497
2384
2185
2017
1873
1748
1839
1543
1457
1311
1249
114.0
26137
17425
13089
10455
8712
7468
6534
58038
5227

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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No.

]

a
Pct
0.00082
0.02237
0.00015
0.01603
0.00052
0.00850
0.00007
0.00470
0.00015
0.00343
0.00022
0.00157
0.00007
0.00089
0.00045
0.00045
0.00015
0.00015
0.00037
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
1.16392
0.35800
0.83603
0.12197
020524
0.00790
0.05114
0.00148
0.01625
0.00089
0.00790
0.00022
0.00507
0.00007
0.00208
0.00022
0.00097
0.00007
0.00037
0.00007
0.00022
0.00015
0.00030
0.00007
0.00007
0.00022
0.00015
0.00007
0.00007
0.00007
0.00007
227535
047162
1.36514
0.03862
0.37880
0.00440
010922
0.00216
0.03213
0.00060
0.01461
0.00022
0.00388
0.00015
0.00253
0.00082
0.00097
0.00030
0.00007
0.00007
0.00022
0.00007
1.05589
0.18705
0.52903
0.03429
0.18467
0.00686
0.06598
0.00343
003325
0.00075

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
121 "y
121 "y
121 M6
121 1.6
121 M5
121 s
121 ms
121 14
121 14
121 13
121 13
121 1.3
121 1z
121 1.2
121 111
121 o
1241 1.0
121 109
121 109
121 108
121 107
121 107
121 106
121 106
1241 105
121 12.0
121 12.0
121 1.9
121 1.9
121 9
121 ms
121 18
121 "y
121 "y
121 "y
121 1.6
121 1.6
121 ms
121 ms
121 ms
121 14
121 1.4
121 1.3
121 1m3
121 1.3
121 mz
121 111
121 11
1241 1.0
121 109
121 109
121 109
121 10.8
121 106
121 103
121 103
121 12.0
121 1.9
121 1.9
121 1.9
121 1.8
121 me
121 T
1241 "7
121 "y
121 M6
121 M6
121 s
121 s
121 ms
121 14
121 13
121 13
121 1.2
121 1.0
121 1.0
121 109
121 109
12.0 119
120 1.9
120 1.9
120 1.8
120 1.8
120 nr
120 nr
120 T
120 16
120 16

Ilax R
Adjusted  Min/hax
121 0964
121 0961
121 0857
121 0954
121 0951
121 0.948
121 0944
121 0941
121 0938
121 0935
121 0931
121 0928
121 0925
121 0921
121 0915
121 0908
124 0905
121 0902
121 0895
121 0889
121 0882
121 0879
121 0876
121 0869
124 0863
121 0992
121 0890
121 0987
121 0984
121 0980
121 0977
121 0974
121 0870
121 0967
121 0.964
121 0961
121 0957
121 0954
121 0951
121 0947
121 0944
121 0941
121 0938
121 0934
121 0931
121 0928
121 0921
121 0915
124 0908
121 0905
121 0802
121 0.898
121 0.838
121 0875
121 0852
121 0849
121 0992
121 0990
121 0987
121 0984
121 0980
121 0977
121 0974
124 0970
121 0967
121 0964
121 0960
121 0957
121 0954
121 0951
121 0847
121 0.941
121 0934
121 0928
121 0914
121 0911
121 0908
121 0901
120 0993
120 0990
120 0987
120 0982
120 0980
120 0977
12.0 0974
120 0970
120 0967
120 0964

71

Endurance
Lirnit
4752
43586
4021
3734
3485
3267
3075
2904
2751
614
2489
2878
273
2178
2011
186.7
1803
1742
1834
1537
145.2
1413
1376
1307
1245
26052
17368
13026
10421
8684
7443
6513
5789
5210
4737
4342
4008
3722
3474
3256
3065
2895
2742
2805
2481
23638
2171
2004
186.1
1797
1737
168.1
153.2
1371
158
1133
25966
17311
12983
10386
8855
419
6492
5770
5193
4721
4328
3995
3709
3462
3246
2885
2597
2361
199.7
1923
1855
1731
2588.1
17254
12940
10352
8627
7394
647.0
5751
5176
4706

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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o

O T )

19532

13716

I O

14077
2298
10808

2852

N e

a
Pct
0.01156
0.00030
0.00410
0.00007
0.00097
0.00075
0.00015
0.00067
0.00015
0.00015
0.00022
0.00007
0.00007
0.00007
0.00007
0.00007
145616
0.21687
1.02257
0.04123
0.2869%
0.01252
0.08685
0.00291
0.01983
0.00037
0.00507
0.00015
0.00261
0.00089
0.00022
0.00007
0.00037
0.00037
0.00015
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.91491
017475
065098
0.05040
0.28777
0.01148
0.10758
0.00239
0.03377
0.00045
000783
0.00030
0.00208
0.00104
0.00007
0.00030
0.00007
0.00037
0.00007
0.00015
0.00007
0.00007
0.00007
1.04948
017132
080562
0.05741
0.21262
0.01006
0.04227
0.00239
0.01148
0.00060
0.00321
0.00037
0.00097
0.00015
0.00052
0.00007
0.00052
0.00015
0.00015
0.00007
0.00007

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
120 15
120 15
120 M5
120 14
120 14
120 m3
120 13
12.0 mz
120 11
120 1A
120 1.0
120 109
120 108
120 10.6
120 104
120 104
120 1.9
120 1.9
120 1.8
120 1.8
120 nr
120 nr
120 T
120 16
120 16
120 M5
120 M5
120 M5
120 1.4
120 13
12.0 13
120 12
120 12
120 1M1
120 111
120 1.0
120 10.9
120 109
120 108
12.0 107
120 107
120 106
120 105
120 102
1.9 1.9
119 me
1.9 ms
119 "y
119 "7
119 mnr
119 M6
119 1.6
1.9 s
119 ms
1.9 ms
119 14
19 14
119 13
119 1.3
119 1.2
1.9 1.2
119 111
1.9 o
119 109
19 108
119 108
119 105
1.9 1.8
1.9 1.8
11.9 7
119 "y
119 "y
19 16
119 M6
119 M5
119 M5
119 ms
119 14
1.9 14
19 13
19 13
119 1.3
119 1.2
1.9 1.2
1.9 A
1.9 109
1.9 109
119 108

Ilax R
Adjusted  Min/hax
120 0960
120 0957
120 0954
120 0850
120 0947
12.0 0.941
120 0937
120 0934
120 0927
120 0921
120 0914
120 0907
120 0.898
12.0 0.881
120 03868
120 03861
120 0993
120 0990
120 0987
120 0982
120 0980
12.0 0977
120 0973
120 0970
120 0967
120 0964
120 0960
120 0957
120 0954
120 0947
120 0940
120 0937
120 0934
120 0927
120 0924
120 0920
12.0 0914
120 0907
120 0901
120 03894
120 0891
120 0887
120 0877
120 0.851
119 0992
119 0990
119 0987
119 0983
119 0980
118 0877
118 0872
119 0970
119 0.967
119 0963
119 0960
119 0957
118 0952
118 0947
1189 0942
1189 0940
119 0937
119 0933
119 0924
119 0914
118 0907
118 0904
118 0880
119 0992
119 0.990
119 0987
118 0982
119 0980
118 0977
118 0872
1189 0870
119 0967
119 0963
119 0960
119 0957
118 0952
118 0950
119 0947
1189 0942
119 0.940
119 0932
119 0920
119 0917
119 0907

72

Endurance
Lirnit
4313
3982
3697
3451
3235
8786
2724
588
2353
2157
1991
1849
167.0
1438
1294
1232
25795
17197
12898
10318
8598
7370
6449
5732
5159
489.0
4299
39638
3085
3224
2866
715
2580
2345
243
2150
1964
1843
1720
1612
156.3
1517
1394
1146
25710
17140
12855
10284
8570
7348
6427
5713
5142
4874
4285
3955
3673
3214
3025
2857
2708
BT
2236
1978
1836
1773
1428
25624
17083
12812
10250
854.1
7321
6408
5694
5125
4859
4271
3942
366.1
7
3203
3015
2847
2562
2135
2050
183.0

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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No.
13228
2591
13577
751
4721
159
1270

224

13667

1862

[P N:

16459
2658
14709
1087
3097

306

16359
3270

10064
1010

a
Pct
0.98618
0.19317
1.01220
0.05598
0.35196
0.0118%
0.09468
000238
0.01670
0.00052
0.00440
0.00045
0.00231
0.00037
0.00088
0.00052
0.00022
0.00007
0.00007
0.00007
1.01891
0.20472
067455
0.05957
0.13882
0.01185
0.03004
0.00239
0.00910
0.00089
0.00246
0.00015
0.00082
0.00015
0.00037
0.00007
0.00015
0.00007
0.00022
0.00007
0.00015
0.00007
122706
0.19816
1.09660
007731
0.23088
0.01603
0.05092
0.00417
0.02281
0.00045
0.00934
0.00022
0.00224
0.00030
0.00022
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
0.00007
091335
0.22075
0.53342
0.08492
011429
0.01588
0.02318
0.00328
0.00522
0.00082
0.00171
0.00007
0.00022
0.00022
0.00007
0.00022
0.00015
0.00007
0.00007
1.21961
024378
075030
0.07530

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
119 18
19 "y
119 mnr
119 "y
119 1.6
1.9 e
119 ms
1.9 ms
119 15
19 14
119 14
119 1.3
119 1m3
1.9 1.3
1.9 mz
1.9 111
119 11
19 108
119 105
119 104
118 nr
118 nr
118 T
18 16
18 16
118 M5
118 M5
118 M5
118 1.4
118 14
118 13
18 13
118 13
118 1.2
118 1.2
118 111
118 M1
118 o
118 109
118 109
118 108
118 105
118 "y
M8 nr
118 1.6
118 16
118 ms
18 15
18 15
118 14
118 14
118 1.3
M8 m3
118 13
118 mz
18 11
118 1A
118 1.0
118 109
118 109
118 107
118 106
118 104
18 104
118 101
M7 mnr
M7 16
"7 1.6
"7 s
M7 ms
M7 15
M7 14
M7 14
M7 113
M7 1.3
M7 1.3
M7 mz
M7 mz
M7 111
"7 1.0
"7 109
M7 109
M7 107
"7 107
"7 1.6
M7 16
M7 ms
M7 15

Ilax R
Adjusted  Min/hax
119 0993
118 0990
118 0987
118 0982
119 0980
119 0977
119 0973
119 0970
119 0967
118 0962
118 0960
1189 0956
119 0952
119 0950
119 0946
119 0940
119 0933
118 0912
118 0886
1189 0876
118 0992
118 0.990
M8 0987
18 0983
118 0980
118 0976
118 0872
118 0970
118 0.966
E:] 0963
118 0960
18 0956
118 0952
118 0950
118 0946
118 0942
118 0.940
E:] 0933
M8 0926
M8 0918
118 0912
118 0889
118 0992
118 0990
118 0987
E:] 0983
M8 0980
18 0976
118 0973
118 0870
118 0966
118 0962
1.8 0.960
E:] 0956
M8 0953
18 0946
118 0939
118 0932
118 0929
118 0926
118 0.906
E:] 03899
M8 03885
118 0879
118 0855
M7 0992
M7 0990
M 0.986
M 0982
"7 0980
M7 0976
M7 0973
M7 0870
M7 0966
M7 0962
17 0959
"7 0956
"7 0953
"7 0946
M7 0939
M7 0932
M7 0926
M7 0912
M 0.909
M7 0992
"7 0980
"7 0986
M7 0983
73

Endurance
Lirnit
25539
17026
12769
10215
8513
7297
6385
5675
51038
4843
42586
3929
36438
3405
3192
2838
2554
196.5
1502
1360
25453
16989
12727
1018.1
8484
7272
6363
5656
509.1
4628
4242
3916
3636
3394
3182
2994
2828
545
2314
2121
1958
1543
25368
16912
12684
10147
8456
72438
6342
5637
5074
4812
4228
3903
3624
3171
2819
2537
2418
2308
1812
169.1
1492
1409
118.0
25282
16855
1264.1
10113
8427
7223
6321
5618
5058
4597
4214
3890
3812
3160
2809
2528
22938
1945
187.3
2519.7
16798
12598
10079

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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=75
=75
=75
=75
=75
=75
-5
-5
=75
=75
-75
-75
=75
=75
=75
-5
=75
=75
-75
-80
-80
-80
-80
-80
-80
-80
-80
-80
-80
-80
-80
-80
-80
-80
-80

-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85
-85

13290
2275
6479
433
786
50

L@

a
Pct
0.18101
0.01290
0.07001
0.00164
0.01752
0.00253
0.00007
0.00030
0.00007
0.00030
0.00007
0.00015
0.00015
0.00015
0.00007
0.00007
0.00007
0.78064
0.24810
042130
0.07097
0.08529
0.00924
0.01707
0.00118
0.00298
0.00015
0.00067
0.00022
0.00015
0.00007
0.00007
0.00007
0.00015
0.00007
0.00022
1.05731
022120
069588
0.05480
0.15395
0.00841
0.02520
0.00104
0.0033%
0.00022
0.00037
0.00007
0.00015
0.00007
0.00007
0.00022
0.00015
0.00015
0.00007
0.00007
0.60395
0.17960
0.28554
0.04838
0.05711
0.00455
0.01006
0.00007
0.00246
0.00015
0.00075
0.0001%
0.0001%
0.00007
0.00007
0.00007
0.99081
0.16961
048303
0.03601
005711
000373
000514
0.00052
0.00060
0.00015
0.00015
0.00007
0.00060
0.00007
0.00015
0.00007

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
M7 15
M7 14
M7 14
M7 1.3
M7 1.3
"7 1.z
M7 mz
M7 111
M7 11
"7 1A
M7 1.0
M7 109
"7 109
"7 10.8
M7 107
M7 106
M7 105
"7 16
M7 15
M7 M5
"7 s
"7 14
M7 14
M7 13
M7 13
M7 113
M7 1.2
M7 1.2
"7 A
M7 o
M7 109
M7 109
"7 109
M7 108
M7 107
M7 106
116 s
116 ms
116 ms
1.6 14
16 14
116 113
116 1.3
16 1m3
116 1.2
116 mz
116 111
116 11
116 11
116 1.0
116 1.0
116 109
116 10.9
116 107
1.6 106
116 105
16 15
16 15
116 14
116 14
116 1.3
116 13
116 13
116 12
16 1.2
116 A
116 M
116 A
116 1.0
116 109
116 108
116 106
15 15
15 14
115 14
115 1.3
115 13
115 13
115 mz
M5 12
M5 1A
115 M
115 111
M5 1.0
M5 1.0
115 109
115 109
15 108

Ilax R
Adjusted  Min/hax
M7 0980
M7 0976
M7 0872
M7 0969
17 0.966
M 0.9%9
"7 0956
"7 0952
M7 0949
M7 0946
M7 0939
M7 0936
M7 0932
M7 0925
"7 0912
"7 0905
17 0898
M7 0992
M7 0990
M7 0986
M 0982
M7 0980
"7 0976
M7 0973
17 0969
M7 0966
M7 0962
17 0959
M 0952
"7 0948
"7 0939
M7 0935
M7 0932
M7 0925
M7 0918
M7 0911
16 0992
118 0990
116 0986
16 0983
18 0380
118 0978
118 0972
M6 0969
M6 0.966
118 0962
116 0958
186 0956
186 0952
118 0849
118 0845
1186 0942
16 0939
118 0918
16 0911
186 0904
18 0992
118 0990
116 0986
116 0982
16 0979
118 0976
116 0973
186 0969
18 0.966
118 0962
118 0959
M6 0955
M6 0952
118 0938
186 0831
186 0918
15 0992
M5 0890
115 0986
115 0982
M5 0979
M5 0976
M5 0972
15 0969
15 0.966
115 0962
115 0959
] 0955
M5 0952
M5 0948
M5 0945
115 0938
74

Endurance
Lirnit
8399
7199
6299
5599
5039
419.9
3876
3600
3360
3150
2800
2652
2520
2291
1938
1800
166.0
25111
16741
12556
1004 4
8370
75
6273
5580
5022
4568
4185
/8T
3139
2790
2643
2511
2283
2003
1932
25026
1668 4
12513
1001.0
8342
7150
62586
556.1
5005
4550
471
3850
3575
3337
3128
2944
2781
085
1925
1768
24940
16627
12470
976
8313
7128
6235
5542
4388
4535
4157
3|37
363
2771
2494
20738
24855
1657.0
12427
9942
8285
7101
6214
5523
4371
4519
4142
3824
/51
314
3107
2762

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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1968

138

il

a
Pct

0.00015
042510
0.12048
0.17608
0.02594
0.03787
000313
0.00634
0.00037
0.00127
0.00022
0.00037
0.00015
0.00045
0.00015
0.00007
0.00015
0.00007
0.00007
0.62833
0.09714
0.27652
001976
0.02378
0.00231

0.00321

0.00022
0.00045
0.00030
0.00037
0.00022
0.00022
0.00007
0.00007
0.00007
030112
0.08551

013755
0.01484
003251

0.00148
0.00500
0.00015
0.00104
0.00052
0.00007
0.00007
0.00015
0.00007
0.00007
047348
0.07411

0.20495
001320
002274
0.00118
0.00134
0.00030
0.00030
0.00015
0.00037
0.00022
0.00015
0.00015
0.00007
0.00007
0.26720
0.08352
0.11757
0.00947
0.01938
0.00097
0.00283
0.00037
0.00075
0.00007
0.00015
0.00015
0.00015
0.00015
0.39036
0.06262
0.14672
0.010%1

0.01029
0.00067
0.00157
0.00015

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
15 106
15 14
15 14
115 1.3
115 1.3
115 m3
115 mz
115 mz
15 11
M5 1A
15 1M1
115 1.0
M5 1m0
M5 10.9
115 109
115 108
15 107
M5 106
115 102
115 14
M5 1.3
M5 1.3
115 13
15 12
15 12
15 A
15 A
115 1M1
M5 1.0
115 o
115 109
15 109
M5 108
15 107
115 104
114 1.3
114 1.3
114 13
114 mz
114 mz
114 1A
114 A
114 M
114 1m0
114 10.9
114 109
114 108
114 108
114 108
114 107
114 113
114 1.3
114 1.z
114 mz
114 111
114 11
114 1A
114 1.0
114 1.0
114 109
114 10.9
114 108
114 108
114 107
114 107
114 106
113 1.3
13 1.2
13 1.2
113 111
13 11
13 11
13 1.0
113 1.0
113 109
113 109
113 109
113 108
113 108
13 106
13 1.2
113 1.2
113 111
13 A
13 M1
113 o
113 o
13 109

Ilax R
Adjusted  Min/hax
115 0917
15 0992
M5 0890
15 0986
115 0982
M5 0979
M5 0976
M5 0972
115 0969
15 0965
15 0962
115 0959
] 0955
M5 0952
M5 0945
M5 0938
115 0931
15 0924
115 0890
115 0992
] 0.990
M5 0.986
M5 0983
115 0979
115 0976
M5 0872
M5 0969
115 0965
] 0962
M5 0958
M5 0955
115 0952
15 0845
15 0931
115 0g10
114 0992
114 0.990
114 0986
114 0983
114 0979
114 0976
114 0972
114 0969
114 0965
114 0958
114 0951
114 0948
114 0944
114 0.941
114 0837
114 0992
114 0990
114 0936
114 0983
114 0979
114 0976
114 0972
114 0969
114 0965
114 0962
114 0958
114 0951
114 0944
114 0.941
114 0937
114 0827
113 0992
113 0989
113 0.986
M3 0982
113 0879
113 0975
113 0972
113 0968
113 0965
113 0961
M3 0958
M3 0954
M3 0951
113 0932
113 0992
113 0989
113 0986
113 0982
113 0979
M3 0975
M3 0972
113 0968

75

Endurance
Lirnit
2071
24769
16513
12385
99038
82586
77
6192
5504
4354
4503
41238
3811
338
3006
2752
2477
2252
1548
24684
1645.6
1234.2
9873
82238
7052
617.1
5485
4937
2488
4114
3797
3526
3085
24638
189.9
24598
1639.9
1229.9
9839
81989
7028
6150
5468
4920
4100
B4
3280
3075
2894
2733
24513
1634.2
12256
9805
8171
7004
61238
5447
4903
457
4085
3502
3064
2884
2724
2335
24427
1628.5
12214
9771
8142
6979
6107
54238
4885
4441
4071
3758
3490
2571
24342
1622.8
12171
9737
8114
6955
6085
5409

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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2817

a
Pct
0.00060
0.00007
0.00037
0.00007
0.00007
0.22165
006195
0.08350
0.00746
0.01223
0.00060
0.00186
0.00015
0.00022
0.00007
0.00007
0.00007
0.00007
0.31878
0.05092
011571
0.00723
0.00656
0.00127
0.00097
0.00030
0.00022
0.00007
0.00022
0.00007
0.00007
0.21002
0.04891
0.06680
0.00708
0.00701
0.0007%
000112
0.00030
0.00015
0.00007
0.00015
0.00007
0.00007
0.00007
0.24684
003832
0.08246
0.00432
0.00604
0.00075
0.00104
0.00022
0.00030
0.00007
0.00007
0.14851
0.03385
0.03854
0.00455
0.00403
0.00149
0.00148
0.00007
0.00007
0.00007
0.00007
0.00007
0.22030
003213
0.05703
0.00582
0.00373
0.00118
0.00045
0.00030
0.00060
0.00015
0.00007
0.11444
0.03191
0.02632
0.00328
0.00403
0.00037
0.00075
0.00007
0.00030

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
13 109
13 109
113 108
113 108
113 103
13 1.z
113 111
113 111
13 11
13 1.0
13 1.0
113 109
13 109
13 10.8
113 107
113 106
13 106
13 105
112 M
112 111
1.2 A
1.2 1.0
1.2 o
12 109
12 109
112 109
112 108
112 108
1.2 10.8
1.2 107
1.2 107
12 11
M2 1A
M2 1.0
112 1.0
112 109
1.2 10.9
1.2 109
1.2 108
1.2 108
M2 108
112 107
112 107
12 105
1.2 104
111 111
111 o
111 1.0
111 109
111 109
111 109
111 108
111 10.8
111 108
111 107
111 107
111 1.0
111 1.0
111 109
111 109
111 10.9
111 108
111 108
111 108
111 107
111 107
111 106
111 10.6
111 1.0
111 109
111 109
111 109
111 108
111 108
111 108
111 107
111 107
111 106
111 104
1.0 109
1.0 109
110 109
110 108
1.0 10.8
1.0 10.8
11.0 107
11.0 107
1.0 106

Ilax R
Adjusted  Min/hax
113 0965
113 0961
113 0958
113 0951
113 0909
113 0993
M3 0989
M3 0986
113 0982
113 0979
113 0975
113 0972
113 0965
113 0958
M3 0951
M3 0944
113 0840
113 0932
112 0992
112 0989
1.2 0.986
11.2 0982
M2 0979
112 0975
112 0972
112 0968
112 0965
112 0961
1.2 0958
M2 0954
M2 0950
112 0993
112 0989
112 0986
112 0982
112 0979
11.2 0975
M2 0972
M2 0968
M2 0965
112 0961
112 0957
112 0954
112 0936
1.2 0929
111 0993
111 0989
111 0986
114 0982
111 0879
111 0975
111 0971
111 0.968
111 0964
111 0961
111 0957
111 0992
111 0989
111 0986
111 0982
111 0979
111 0975
111 0971
114 0968
111 0.964
111 0961
111 0857
111 0950
111 0992
111 0989
111 0986
111 0982
111 0978
111 0975
111 0971
111 0968
111 0964
111 0957
111 0943
110 0992
110 0989
110 0986
110 0982
1.0 0978
1.0 0975
110 0971
110 0968
110 0964
76

Endurance
Lirnit
4868
4426
4057
77
1872
24256
16171
1212.8
9702
8085
693.0
6064
4851
a04.3
3465
3032
2854
2553
24171
16114
1208.5
9668
8057
6906
6043
5371
4834
4395
4028
379
3453
24085
1605.7
1204.3
9634
80238
638.1
6021
5352
4817
4379
4014
3705
8786
2409
24000
1600.0
1200.0
960.0
8000
6857
6000
5333
4300
4364
4000
22914
1594.3
11957
9B66
7971
6833
5978
5314
4783
4348
3988
418
23829
1588.6
11914
9531
7943
6808
5957
5295
4766
3971
979
23743
1582.9
1187.2
M97
7914
6784
5936
5276
4749

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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1474

1217
282
125

10

1915
306
280

15

a
Pct
0.00015
017311
0.02922
0.03810
0.00350
0.00261
0.00015
0.00045
0.00007
0.00030
0.00007
0.00015
0.00007
0.11338
002318
0.02766
0.00261
0.00216
0.00060
0.00007
0.00030
0.00007
0.00007
0.00007
0.00007
0.13457
0.02198
0.02848
0.00142
0.00082
0.00030
0.00075
0.00007
0.00007
0.00030
0.00015
0.00007
0.00007
008193
001788
0.01767
0.00157
0.00238
0.00045
0.00022
0.00022
0.00007
0.11996
0.01783
0.02266
0.00075
0.00119
0.00037
0.00045
0.00015
0.00022
0.00007
0.07478
0.01588
0.01364
0.00142
000134
0.00007
0.00007
0.00007
0.10988
0.02198
0.02237
0.00104
000112
0.00015
0.00075
0.00082
0.00015
0.09073
0.02102
000932
0.00075
0.00045
0.00015
0.00007
0.14277
0.02281
0.02087
0.0001%
000112
0.00037
0.00007

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
1.0 106
1.0 109
110 109
110 108
110 108
1.0 10.8
11.0 107
11.0 107
1.0 106
1.0 106
1.0 106
110 105
110 104
109 10.9
109 108
109 108
109 108
109 107
109 106
109 106
109 10.6
109 10.5
109 105
109 103
109 98
109 108
109 108
109 108
109 107
109 107
109 106
109 106
109 106
109 105
109 104
109 104
109 103
109 102
109 108
109 108
109 107
109 107
109 106
109 106
109 10.6
109 105
109 105
108 108
108 107
108 107
108 106
108 106
108 10.6
108 105
108 104
108 104
108 102
108 107
108 107
108 106
108 10.6
108 106
108 105
108 105
108 103
108 107
108 106
108 10.6
108 10.6
108 105
108 105
108 104
108 104
108 103
107 106
107 106
107 106
107 105
107 105
107 104
107 9.0
107 106
107 106
107 10.5
107 10.5
107 104
107 104
107 103

Ilax R
Adjusted  Min/hax
110 0957
110 0992
110 0989
110 0986
110 0982
1.0 0978
110 0975
110 0971
110 0967
110 0.964
110 0960
110 0957
110 0949
109 0992
109 0989
109 0985
109 0982
108 0978
108 0971
1089 0967
109 0.964
109 0.960
109 0956
109 0942
109 0898
108 0992
108 0989
1089 0985
109 0982
109 0978
109 0975
109 0971
108 0967
108 0.964
1089 0956
1089 0949
109 0942
109 0934
109 0993
109 0988
108 0985
1089 0982
108 0978
109 0974
109 0971
109 0967
109 0963
108 0993
108 0989
108 0985
108 0982
108 0978
108 0974
1038 0971
108 0963
108 0956
108 0941
108 0992
108 0989
108 0985
10.8 0982
1038 0978
108 0974
108 0971
108 0956
108 0992
108 0989
108 0985
108 0982
1038 0978
108 0974
108 0970
108 0962
108 0956
107 0992
107 0989
107 0985
107 0981
107 0978
107 0870
107 0844
107 0993
107 0989
10.7 0985
10.7 0.981
107 0978
107 0970
107 0967

77

Endurance
Lirnit
3957
22658
16772
11829
H63
73886
6759
5914
5257
4732
4301
3943
3380
23572
15715
1178.6
H29
7857
5893
5238
4714
4286
3928
2947
1664
22487
1565.8
11743
9395
829
6710
5872
5219
4897
3914
3355
2938
810
223401
1560.1
11701
936.0
7800
6686
5850
5200
4580
23316
1554.4
1165.8
9B28
7772
666.2
5829
4663
3886
2914
22230
1548.7
1161.5
9292
7143
6637
5808
3872
23145
1543.0
1157.2
90258
75
6613
5786
4829
3857
23059
16373
1153.0
224
7686
5765
109.8
22974
156316
1148.7
9189
6538
5743
5105

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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Max
-185

-200
-200
-200
-200
-200
-205
-205
-205
-205
205
205
=205
-210
-210
-210
=210
=210
215
215
215
-215
215
215
-220
-220
=220
=220
-220
-225
225
2325
=225
225
225
230
-230
-230
-230
-230
235
235
235
235
-235
-240
-240
-240
-240
-240
-245
-245
-245
-245
-250
-250
-250
250
255
255
-255
-255
255
-255
-260
-260
-260
265
-265
-265
265
-265
270
270
270
-270
-275
<275
275
275
275
275
-280
-280
-285
-285
285

1
1092
185
66

1078

s}

@ B
X RS

=

(SN
5

S NN
o ocod o

LSS e e
w25 oo whow

©

[N

a
Pct
0.00037
0.00007
0.08141
0.01378
0.00492
0.00015
0.00007
0.08037
0.00470
0.01133
0.00030
0.00112
0.00112
0.00045
002520
0.00417
0.00171
0.00030
0.00007
0.03750
0.00082
0.01282
000216
0.00007
0.00030
0.00664
0.00088
0.00246
0.00067
0.00007
0.05457
0.00082
0.01938
0.00022
0.00007
0.00007
0.00641
0.00089
0.00104
0.00007
0.00007
0.03280
0.00037
0.00335
0.00007
0.00007
000313
0.00015
0.00060
0.00015
0.00007
0.00641
0.00045
0.00089
0.00007
0.00186
0.00037
0.00015
0.00007
0.00365
0.00060
0.00045
0.00007
0.00007
0.00015
0.00097
0.00022
0.0001%
0.00164
0.00022
0.00007
0.00007
0.00007
0.00045
0.00015
0.00007
0.00007
0.00089
0.00082
0.00022
0.00007
0.00007
0.00007
0.00142
0.00030
0.00060
0.00007
0.00015

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
107 103
107 102
106 106
106 105
106 105
106 104
106 104
106 105
106 105
106 104
106 104
106 104
106 103
106 10.2
106 105
106 104
106 104
106 103
106 94
105 104
105 104
105 104
105 103
105 102
105 102
105 104
105 104
105 103
105 10.2
105 102
104 104
104 103
104 103
104 102
104 102
104 101
104 103
104 103
104 102
104 101
104 97
104 103
104 102
104 102
104 10.2
104 101
103 102
103 102
103 102
103 101
103 100
103 102
103 10.2
103 101
103 101
102 102
102 101
102 101
102 100
102 101
102 101
102 10.0
102 10.0
102 a7
102 8.0
102 101
102 100
102 9.8
101 10.0
101 10.0
101 100
101 9.9
101 98
101 100
101 100
101 9.9
101 99
100 10.0
100 99
100 99
100 98
100 98
100 95
100 9.9
100 9.9
100 99
100 98
100 97

Ilax R
Adjusted  Min/hax
107 0963
107 0955
108 0992
106 0989
106 0985
1086 0.981
108 0978
106 0993
1086 0989
108 0985
108 0981
106 0978
106 0870
106 0962
106 0992
106 0989
1086 0985
108 0977
108 0887
105 0992
105 0989
105 0985
105 0977
105 0974
105 0970
105 0992
105 0989
105 0985
105 0977
105 0970
104 0992
104 0989
104 0985
104 0977
104 0972
104 0.966
104 0992
104 0989
104 0985
104 0973
104 0931
104 0992
104 0988
104 0985
104 0.981
104 0977
103 0992
103 0988
103 0985
103 0877
103 0969
103 0992
103 0938
103 0985
103 0981
102 0992
102 0988
102 0984
102 0977
102 0992
10.2 0988
102 0984
102 0977
102 0953
102 0782
102 0992
102 0988
10.2 0.961
10.1 0992
101 0988
101 0984
101 0976
101 0972
101 0992
101 0988
101 0984
101 0980
100 0992
100 0988
100 0984
100 0380
100 0976
100 0945
100 0992
100 0988
100 0992
100 0988
100 0976

78

Endurance
Lirnit
4595
3829
22888
16259
1144 4
9155
829
22803
1520.2
11401
9121
7601
5701
4561
22717
1514.5
11359
T2
1514
22632
1508.8
11316
544
6466
56538
225486
15031
11273
15
5637
22481
14974
11230
487
6417
4991
22375
14917
1118.8
6393
2486
22290
1486.0
11145
8918
7430
22204
1480.3
1110.2
7401
5551
22119
1474.6
1105.9
8847
22033
1468.9
11017
7344
21948
1463.2
1097.4
316
36538
T84
2186.2
1457.5
4372
21777
1451.8
1088.8
7259
6222
21691
14461
1084.6
8676
21606
1440.4
1080.3
8642
7202
3087
21520
1434.7
21435
1429.0
7145

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

aN

cycles per mile
Yield stress

1538
50 ksi
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Max
-285
-285
-280
-285
-285
-295
-295
-300
-305
-305
-305
-305
-315
-315
=315
-325
-325
-345
-355
-365
-375

133

a
Pct
0.00007
0.00030
0.00022
0.00045
0.00082
0.00119
0.00104
0.00007
0.00470
0.00924
0.00186
0.00060
0.00992
0.00850
0.00097
0.00238
0.00015
0.00007
0.00007
0.00015
0.00007

98993840

Static
Stress
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

Dynamic
Stress
Ilax Min
100 96
100 96
99 98
99 98
9.9 97
9.9 9.6
99 96
98 97
98 97
98 96
958 96
98 95
97 96
97 9.6
97 95
96 96
96 95
95 92
94 92
93 92
9.2 9.2

Ilax R
Adjusted  Min/hax
100 0968
100 0960
98 0992
98 0992
9.9 0984
9.9 0976
99 0968
98 0988
98 0992
98 0984
98 0976
98 0968
a7 0992
97 0984
97 0975
96 0992
96 0984
95 0.966
94 0982
93 0982
9.2 0.991

79

Endurance
Lirnit
5359
4287
21349
21264
1063.2
0838
5318
1411.9
21093
1054.6
7031
5273
20922
1048.1
6974
20751
10375
5102
1011.9
1003.3
1989.6

to
Failure
N
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE
NO DAMAGE

Sum
N
Miles

aN

401E-10
2.49E+09
1.62E+07

cycles per mile
Yield stress

1538
50 ksi
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Torsional Loading

Below are screen shots of the maximum applied torque from the AAR shown on the following page.
Stress is below the endurance limit of the steel os no further analysis is necessary.

Loaded

Empty

&80

Page H.1-123 February 2, 2018 |



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

DATA FROM AAR SECTION 7.3

LOADED GONDOLA CAR BODY TWIST MOMENT DUE TO SIDE BEARING LOAD ENVIRONMENT

TEST DATE: March 2006 - Dec 2007
TEST MODE: Unit Train Coal Service - 286,000 |b. GRL
RECORDED MILEAGE: 8,480

TOTAL CYCLES: 6,786,405
AVERAGE CYCLES PER MILE: 800.3
AVERAGE TRAVEL SPEED: 25 mph
MAXIMUM SPEED: 52 mph
TRAVEL SPEED DISTRIBUTION:

RANGE (mph) PERCENT AT

LEVEL
0 5 54
5 10 9.3
10 15 11.0
15 20 1.7
20 25 16.1
25 30 10.3
30 35 14.3
35 40 11.0
40 45 50
45 50 45
50 55 1.5

VALUES SHOWN ARE IN UNITS OF IN-KIPS.

MAX MIN PERCENT
VALUE VALUE CYCLES OCCURANCE
kip kip
2500 -1750 2 0.00003%
2500 -2000 3 0.00004%
2500 -2250 1 0.00001%
2250 -750 2 0.00003%
2250 -1000 3 0.00004%
2250 -1250 1 0.00001%
2250 -1500 1 0.00001%
2250 -1750 3 0.00004%
2250 -2000 1 0.00001%
2000 1500 2 0.00003%
2000 500 2 0.00003%
2000 0 1 0.00001%
2000 -250 2 0.00003%
2000 -500 1 0.00001%
2000 -750 2 0.00003%
2000 -1000 3 0.00004%
2000 -1250 7 0.00010%
2000 -1500 13 0.00019%
2000 -1750 8 0.00012%
2000 -2000 3 0.00004%
1750 1500 24 0.00035%
1750 1250 45 0.00066%

81
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1750
1750
1750
1750
1750
1750
1750
1750
1750
1750
1750
1750
1750
1750
1750
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1250
1250
1250
1250
1250
1250
1250
1250
1250
1250
1250
1250
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

750

750

750

1000
750
500
250

-250
-500
-750
-1000
-1250
-1500
-1750
-2000
-2250
-2500
1250
1000
750
500
250

-250
-500
-750
-1000
-1250
-1500
-1750
-2000
1000
750
500
250

-250
-500
-750
-1000
-1250
-1500
-1750
750
500
250

-250
-500
-750
-1000
-1250
-1500
-1750
500
250

0

14

14
19
19
17
25
43
28

'y

362
409
91
35
67
62
88
73
95
126
108
81
41

2300
2729
411
292
317
284
428
498
494
314
150
21
10812
11972
2081
1239
1872
2552
2496
1297
589
112
12
687742
66455
11782

82

0.00021%
0.00009%
0.00010%
0.00010%
0.00021%
0.00028%
0.00028%
0.00025%
0.00037%
0.00063%
0.00041%
0.00018%
0.00007%
0.00001%
0.00001%
0.00533%
0.00603%
0.00134%
0.00052%
0.00099%
0.00091%
0.00130%
0.00108%
0.00140%
0.00186%
0.00159%
0.00119%
0.00060%
0.00001%
0.03389%
0.04021%
0.00606%
0.00430%
0.00467%
0.00418%
0.00631%
0.00734%
0.00728%
0.00463%
0.00221%
0.00031%
0.15932%
0.17641%
0.03066%
0.01826%
0.02758%
0.03760%
0.03678%
0.01911%
0.00868%
0.00165%
0.00018%
0.99820%
0.97924%
0.17361%
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750
750
750
750
750
750
750
500
500
500
500
500
500
500
500
500
500
250
250
250
250
250
250
250
250
250

[sNeNoNolNelNelNol

(=]

-250
-250
-250
-250
-250
-250
-500
-500
-500
-500
-500
=750
-750
-750
-750
-1000
-1000
-1000
-1250
-1250
-1250

-250
-500
-750
-1000
-1250
-1500
-1750
250

-250
-500
-750
-1000
-1250
-1500
-1750
-2000

-250

-500

-750
-1000
-1250
-1500
-1750
-2000

-250

-500

-750
-1000
-1250
-1500
-1750
-2000

-500

-750
-1000
-1250
-1500
-1750

-750
-1000
-1250
-1500
-1750
-1000
-1250
-1500
-1750
-1250
-1500
-1750
-1500
-1750
-2000

13952
11564
5876
2260
629

66

12
305999
815557
150272
32148
11018
3126
407

71

5

2
2208738
862740
80276
12856
2113
306

48

&

1
1052114
319565
16203
1577
322

50

13

2
359587
166295
2940
227

40

11
120768
19811
522

44

3
19840
6182
214

5455
1741
43
1212
181

83

0.20559%
0.17040%
0.08658%
0.03330%
0.00927%
0.00097%
0.00018%
4.50900%
12.01751%
2.21431%
0.47368%
0.16235%
0.04606%
0.00600%
0.00105%
0.00007%
0.00003%
32.54653%
12.71277%
0.88819%
0.18944%
0.03114%
0.00451%
0.00071%
0.00009%
0.00001%
15.50326%
4.70890%
0.23876%
0.02324%
0.00474%
0.00074%
0.00019%
0.00003%
5.29864%
2.45041%
0.04332%
0.00334%
0.00059%
0.00016%
1.77957%
0.29192%
0.00769%
0.00085%
0.00004%
0.29235%
0.09109%
0.00315%
0.00009%
0.08038%
0.02565%
0.00063%
0.01786%
0.00267%
0.00004%
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-1500
-1500
-1500
-1750
-2000

-1750
-2000
-2250
-2000
-2250

112
27

84

0.00165%
0.00040%
0.00001%
0.00010%
0.00001%
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APPENDIX H-2
BUFFER RAILCAR SPECIAL PROCESS SPECIFICATIONS
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APPENDIX H-2.1

BUFFER RAILCAR WELDING PROCEDURE
QUALIFICATIONS AND SPECIFICATIONS
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Appendix H-2.1.1  Procedure Qualification Record Example

AWSDIBIMIEIMNA012 ANNEX D

PROCEDURE QUALFICATION RECORD (POR)

Pt
. s
PROCEDURRE SPECIFCATION GROOVE WELD TEST RESULTS ‘
Matstial spacificaiion AS72 Grade 50 Tenslle stisnoth, pst
Walding procass FCAW ] 1, (A) 78026
Manual or maghipe Both (Sem-Automatic) 2, (8)77322
Pesition of welding Vedicat
Fifler tatal Specmgeaﬁon AWS AB.20 Quidehend tests (2 roots, 2{ace-, or 4 side-band)
Fhilar matal classtiication_E71T-1 Root Faca
. Wald metal grade® i {, Side-Pass {. Side- Pass
: Shisldlnggas €02 Flowrate 350 2, 8lde-Pass 2, Side-Pass
! Singls or mulilple pags Mulfiple h -
! Singla o ullipls arg Sinals; Redlegraphle-uiteasonls enzmtnallon
! Walding cumepd DGEP__ BT eoport no. MA
Walding pregiession_Uphill S UT report o, _#256
Prehaat temperature_70 deg.
Pasthast fraatment WA FILLEY WELD TEST RESULTS
Waldars nama _Triston Mills - Clock #821 ) ) X
. *Applicabls whan fliar matal has no ANS classifisation, Minlirusm efze multipls pass - Mexdmum siza single pass
H - Macroetch WA Macreatch
! i, WA 2, NiA 1. 3. NA
i VIZUAL INSPESTION 8 WA 2 A B
Appearencs,_Acceptable ) tol St 8
! Undercut NONE Albwsld-mstal tenslon test
i Plping porcsity _NONE Tonslle stiangth, psi _NA
} Vield polntstrengtin, psi_NA
[ Task date | July 10,2014 Efongalion i 2 in, % _N/A
i Witnassad hy_Danlel S. Gjurich Lahoratory tast no, NA
!
WELDING PROCERURE
Pasa | Elaciora | Fleclileal Charactarlsties
No. Size Amperées Yolls Tiavel Speed Joint Detall
All 11116 255 26 4 ipm See Atfached:
Thickness of weld layers not to exceed 1/4"
We, the undarsigned, cariify that the elatements in this record are correst and that the test welds ware praparad, welded, -
and testsd In secordance with the raquiraments of AWS D18.4:{__2012 ) Rallread Walding Speciioation for Gars and
Locomotives. {yoar)
" Pravedurs no. _F-001 Manufaciursr or Gontrastor ﬁs/gro Rail Corp.
N Ravislon no. ? Autherlzad b(/ 4/
Form B-2 . Date :7'“//) 6///{5 /
k [k}
Page H.2-3 February 2, 2018 |



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

Appendix H-2.1.2 Prequalified Welding Procedure Specifications

ANNEX [ AWS D15 AMSIMENE

TEST QUALIFIED WELDING PROCEDURE SPECIFICATION (WFPS)

"".
Qualified by procedure qualificationno. F-001
Matarial spec‘ﬁimtion Class 1 & 2 (A36, AD72grd 2840, ABO0.gr B, A216/gr WCC, Etc)
Welding process REAWY
Manual or machine __ 5ot
Post ionof welding Flat, Horizontal, Yertical, Overhead
Filler metal specification _ 2520
Fller metal classification 7T
Flux __MN/A
Weld metal grade” V4 5
Shiekding gas __ 2 Flows 1abs, 3550 cfh
Single of multiple pass _ Both
Single or multiple arc
Welding current__ Direct
Polarlty DCER -
Weldi ng progression __Yertical 3G - Uphil
Root treat ment Clean to sound metal
Preheat and interpass temparaturg _ See attached report
Pristweld Heat Treatment __ None
~Appli cebl eonly when Il ermetal has no AWS classificaion.
WELDING PROCEDURE
-Prss | Electiode Electrical Charactenstics Travel
No. Sizg Amperes Volts Speed Joint Detail
As | Required See attached details
F-1G| .045" 180-280 27-32 8-13 ipm
116" 200400 25-31 8-13 ipm
332" 250400 17-32 6-13 ipm
H-2G| 1/16" 200-400 25-31 8-13 ipm
332" 250400 17-32 6-13 ipm
V-3G| 045" 160-210 24-39 4-9 ipm
118" 180-250 25-30 6-11 ipm
O-4G| .045" 180-240 24-29 8-13 ipm
116" 200-270 26-30 8-13 ipm
Thickness ofweld layers not to exceed 1/4"
This pracedure may vary due to fabrication sequence, fit-up, pass size, otc., within the limitationof veriables givenin AWS
Dis.to(_ 2012 ) Railroad Welding Speciication for Cars and Locomotives.
(year)
Procedure no __ F-001 Manufacturar or Gontractor _ KASGRO RAIL CORP.
Revisiginpe 3 ninorizedty__ PEEEA —
Foom D3 Date 11/25/13

182
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e,

P,E'Eau,amsnwsmmPﬁccgs’uﬁ'ﬁspgclé(cm(m\;'gwp_sj "

A 572 Grade 50 apd A52 Grade 60

) “n

ANNER DY

Mualeralapaciiention

Welding p F.C.ANM.

Mentator maehine Wanual v

Poslilon of walding Hlab, T{origontal, Voxtlcal, -Gverhead

Fiilst motalapaofiloafton , . 45,29 j ﬂ
Fiile molof elansliloation._BEBIT-A - #L wiCJ HB i "
Flox e 7/ T :
Weld ot grada® R ' . T o
ollsldnggas .~ Qb2 Flowate,_ 38 = 50, CBH,

Slagle or mvlifple pass ancﬁe/ﬁfu] L.Lpl,‘e . N -
Slnale ar mulliple an Single . e
Waldlng ctircen Direch

Potatlly _Reyerge i ]

Waldhg progrossion Vertical (36) — Wphdll

Rant freaimant CQlean, to gound wetal .

Prohtastond nlarpasy tenipardlura __ Sed. abtached ropork

postvreld Heml Taatment ,_ene Hons B
Appphealis onfyvdran 1 I fsr maldl hasno AWS vfaﬂamualion.
WL LD PROCHDURE
Fece | Hleoltada .| Welding Gurrent T T
Mo, | She. | Amperes Vol | Ttavol Spaad Joint Dalall
| ekt T # oo Bktached Report
mAgl 16t 1 200.400 | 25-31 | 8-13 dpm |
26| /1644 180280 | 2439 § 6-13 dpme
vl 1/16" | 180-250 - | 24-39 | 6-71 dpm
o-4g} 1/16% | 200-270 | 26-30 | 8413 dpm
! whighmens of weld layers not to
eXC‘e&C! 1744

‘Thia proqadure maly vary die lo fahr!aaﬂon saquenag, fitup, pass afze, alo,, within the tmitalion of vadahles glven fn AWS
D, { e 2012 ) Relltosd Weldiig epsomcal[an—cam ant Laoomolives,
' fs’ﬂﬂr)

Procatiira o, “: 002 Manufaq(urer or Gonlr&clof, %%nam CaRR, |, .
Relelon o, .. .23 _ Auu;uﬂzad by
Formis Data 6~10 4.
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Slngle-V-groovaweld (2)
Bul Jolnt (B) Toferancss
As Detalled As Flt-U
{sea 7.5} (se8 6.3
R=4416,-0 | +1/d,~iHe
__M__ [26,~2}
All dimensfons are I fmm] -J L-R . \
Baso Metal Fhickness
Weldlng | Jolit {1 = Unlimlted) Groave Preperetion pormitted |- s
Process | Pesigration |t T I | Welding | Sileldin
rQcess Al 1 2 Root Opsnlng | Gwove Angle Postilens | for FOAN | Notes
T T T N
SHIAW Biza u — R=a/B]10] __*W—— B R :
Aol | «=30° [ ROWV | = o
L Hogitels] | =307 EOH,V | Rewled | mg |
QMAW 1 o R=9/8 ({0 A Not | 1
Foaw | BUREF U o i ROV | Mot ] ey
. ' R=iM406] b= 459 KON,V R;NL‘!}Iﬁﬂd ad
EAW_| BitRd | Afiman | — A=Ak prrre = o
SAW 2.5 L u — H=5/aTi6] Py E — d

Higuve 7.0B—Prequaliffed Complete Joint Peuetvation (CFP) Groove Welded Joint Defails

/7
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)

2o

TRST QUALIFIED WELDING PHOCED UK SpeciFfoATian (Wps)

Materlat spoolilvation _ B572 ma&&s grade 80
Walding prosess _____ 30,40, ’*‘""*—"—“*—*“—‘Hk*~

Matiual o maching _ﬁ_,iémj_a_l._,
Poslllon of wejding Jia*#r&iggg@;ﬂ, Vorbioal, Gioghead
Filler mainl spec]!ieaﬂun M

S

Fiffor melal olasglfloalion _ Eadm—wdicT mm

Flux /A e W
Weld matat grads?. .. /A A e S
Shlelding ey C02 "o 3B koo g T
S ot i pros . Sinele/ Tty T ovse- Bt
Sihgle or myitple ara ‘dingle . T
Waiding alfegent .. ~Plpedt e
Falarlly Ll Eevergs ] M“—“-Mw—%ﬂ

- Yertifoal U‘nhﬂl‘ T T e

Walding progrsaslon =
Foot krentmsnt .. &lean fo gound gefal T e
Pieheat and.hternaes (ampemM
Poalialy] Heat'rmafmanrwﬂg,ﬁ_.mﬂonew &
‘Appﬂuahia only mwn :mar ol e A o!ﬂaeliM
]

+

WELDINm Paacanum

= Lo :. Wa!d!ngour{enl
Page | Elgoteods - ' Trays! .
N- =R .Amgﬁl’e@_- * Valls, gpasd doln| datall
ML 116" | des abtadhed 811 4
1 repgrt
%
/s

uye mav vary due.lo febrlollon seqtanus, (i b paee elze, slo,, within the Imitation af vatlablas glvan in

Tils prondd
AWS Dis
‘/-ﬁﬁ.l‘:'f'--
: Prunsduranc. i 1';'41‘}“00’; Menuluslurer oy o o goglncior Radl o
§ Havialon e, . ﬁulhor!zadby%{?

Daly

: Foim B-1
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TEST QUALIFIED WELDING PROCEDURE SPECIFICATION {WPRS)

Qualified by procedure qualificatlon # _Q9ERC=1092

1

Material specification _BRT4TT to BEYZ Grade 60

Welding process F.C,A.U

Manual or machine __ Manual

Position of welding Vartical

Filler metal specification . 25,22

Fliler metai elassjilcation __W111TI=K2

Flux — s -
Weld metal grada® ) ”
Shlelding gas __75%_Argon 25% C02 Flow rale 40 CFH .
Single or mulijple pass —_Maltiple *

Single or multiple are Single

Welding current . Direct

Polarily —e— .. Peverde

Welding progression Uphill

Raottreatment ___ Clean to sound melbal

Preheat and Interpass temperaiure _See abtached yeport

i i
Postweld Heat Treatment Toone

*Applicable only when filler metatl has no AWS classitlcation.

WELDING PROCEDURE

Welding current
Pass | Electrode Travel

no, slze Amperes Volts speed Jolnt detail

All} 062" | 190-300 | 27-30 |8-11 ipm

This précedure may vary due lo fabrleation sequence, fil-up, pass size, etc., within thelimitation of variables given in

AWS DI5S, 2012 ),
year

Procadure no. .. E=004 Manufaciurer or contrag

R0} RATEL CORP.
7

Revislon no, —1 PSS Authorlzed

Ferm D-3 Date ’1”25”3 -

Page H.2-8

February 2, 2018 |



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

ANNEX O AWS D15.1/D15.1M:2012
TEST QUALIFIED WELDING PROCEDURE SPECIFICATIONS (WpS)

Qualified by procedure qualification no.QBKRF-1087-6/30/08/ AND 15KR-F1087-1/14/15,
“Materlal specification A572 GRADE 60 TO A240 GRADE 304
elding process F.CAW.
2nual or machine Manual
ssition of welding 1G Flat
riller metal specification 5,22
Filler metal classification DW-309L

Flux
Weld metal grade*
Shielding gas _ €02 . Flow rate _ 40— 50 Celt

Single or multiple pass Multiple
Stngle or multiple arc _Single
Welding current  DEEP
Polarity ___Reverse

Welding progression _Forehand

Root treatment _Clean to sound metal
Preheat and Interpass temperature_ SO°F

Post weld Heat Treatment_ None . None_x
*Applicable only when filler metal has no aws classHication,

WELDING PROCEDURE

'ass Electrode Size Welding Current
(o | Amperes | Voits | Travel Speed Joint Detail
ALL 062" 240-280 29-33 15-18 imp

375 \

45°

I

This procedure may vary due to fabrication sequence, fit-up, pass size, ete., within the limitation of variables given in AWS
D15.1,{ 2012 ) Raflroad Welding Specification for Cars and Lacomotives.

(Year}
Procedure no. 08KR-F1087 . Manufacturer or Contractor KASGRO RAIL CORP,
wisionno. _2 . Authorized bVM
. | Date 07/27/15°

{
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—

Singte-V-groove weld {2)
Buttjoint (8)

=

e

-
/7

+

71

.

By Metsd Grgueie Prepauon
Teldarss Tolerances
Weidng[ Jomt  [(USERdsdY Root | Groove | Ashetensd | AsFRUD
P Ti | T2 ] Openkgi Argl (se2313.1) | (eesdtld)
R=2N8| q=30"
R=+1{15,-0 | +114,118
GMAN ) s
Foaw | BURGE| U « 1 R=38 | g=a0
o=+10%, 0" +0", -5
Ret1id | qmds

( buzaglgl

Preheat

lessthanor=to 3/4" B50deg.

Over 3/4" thru 1-12* 150 deg.
Over 1-1/2" thru 2-1/2" 225 deg.

Over 2-1/2" 300 deg.
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'ANNE)C D AWS Di8.1DIB, so12

TEST QUALIFIED WELDING PROCEDURE SPECIFICATION (WPS)

Quallited by procedurs qualifieation no, 15KR-F1087
Materlal specification A572 Gr. 65 to A240 Gr, 304

Welding p FCAW

Mantral or machine _Both { Semi-Automatic)
Pastion of wetding Flat, Horlzontal,

Fillet metal specification _aAws A502 I
Filler motal classification_DW-3091.
Flux _M/A
Weld melal grade® N/A
Shlelting gas _CO2 - Welding Grade Flow rate__30 to 50
Single or mulliple pags _Multipla_ -

Stngfe or multiple aro_DCEP hﬁ_k_mﬁ“ﬁ“: T T
Woldingourrent RCEP T e
Polarity _DCEP T
Welding progression N/A .
Root treatment _Giind, chip and wire brash
Freheat and interpass fomperature _See Altached
Pesiweld Heal Trealment _NJA
*Applicable only when filer mefal has no AWS classificallon,

WELDING PROCEDURE

Pass | Elacirode | Eleclrical Characterlstics Travel
No. Size Amperes Volts Speed Jolnt Detall

- . e ]
Al Tr1e® 220281 |2630  |Varlous Seo Attached: (

et o it

Thicknass of weld layers not to exceed 1/4"

-

This procedure may vary due 1o fabrication sequance, fit-up, pass slze, stc., within the limitation of variables glven in AWS
DIGTi (2012 ) Rairoad Welding Specification for Cars and Locomotivas,

" ———

{year)

|

Procedure no. 15KR-F1087 Manufaclurer or Contractor Kasgrn Rall Car ;
Revision no._59. Authorized b/%,/_lé %\ ]

Form 03 Date %‘__ b

H

’ ;
: 182 i
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Single-Vi-groove vield {2}
: ;E‘ﬁfﬂm@)
| | | Vo
(VY]
Tlt
| A -t
s

Basz Meta Grogve Prepasion
ey Tolorences
Weidlag| Joit [(USWSW8d)] oot | Groove | Aspetsted | Askh up

Process|Destmaiion) T1 | T2 | Openkog| Angle | (se23434) | (sen3.34)
R=3H8 | a=36"
R=2i}6,0 4, 1HE
‘;’f:;,;" Buzatr| U | - | B38| gasp '
FERS( Y +H0Y, 5°
ReiM | g 248
puza-gfgl
K
Preheat

lessthanor=to 3/4" 50 deg.
Over 3/4" thru 112" 150 deg.
Over 1-112" thru 2-1/2" 225 deg.
Over 2-1/2° 300 deg.
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BUFFER RAILCAR BRAKE TESTING
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Appendix H-2.2.1  Static Force Brake Test Data, Form 36-A, Rev 1

KASGRO RAIL CORP
FORM 36-A STATIC FORCE BRAKE TEST DATA Revi 10/27/2008
Brake System: [DE-60 f EP-60 | pate: [November 20, 2008
Brake Rigging: |Elloon National 8500 Product Order: —
Slack Adji :|Elicon National 7100-33 Car Type: 290 Ton FM
Handbrake: Ellcon National 33000-2 For: —
Bell Crank: A __|CarSeries: 38470-39488
Sheave Wheel: |8” Test Car No: I
Brake Shoe: _ |2" true Guard Date Built; |Jul-08
Alr Brake Force (Gross):  [N/A i Light Waeight: 195.600|#
|;raka Lever Ratlo: A H Gross Rall Load: 789,000(#
Handbrake Force (Gross): [4475 Vert. [i# Hrake Force Schem.: [TMB 341-L
EMPTY LOAD %: 40]% Brake A i |[E1114-2
MEASURED BRAKE SHOE FORCE (IN NET POUNDS)
Brake Cylinder Pressure (psig):
Minred 67 |Light G | 9728 |losded Cor: | 645 | FORCE | 3360ibs.on
| waiEEL | cHANNEL | UNTAPPED [UNTAPPED| TAPPED | UNTAPPED | TAPPED H Ve, Chala
Pl ot | 405 1335 troa 3656 4107 A 4328
N| R 2 428 1508 | 1913 4178 4488 N | 4804
E L2 3 472 1624 1853 4118 4510 D | 6308 |
u R-2 4 432 1552 1816 4241 4534 B 5442
M| L3 1 372 | 182 | 1751 3934 | 4203 R 3250
A R-3 2 443 1569 1916 4537 4634 A 3691 |
T L4 3 468 1456 1783 39256 4283 K 3738
| R-4 4 489 1664 1825 4338 4479 E 3056
A L-5 1 460 1350 1760 arao 4130 2430
R-5 2 490 1440 1810 3820 4340 2900 |
L-6 3 480 | 1430 1800 3910 421!.!_ 2590 N
R-6 4 580 1600 1950 4130 4670 3110
L-7 __'l 530 1470 1660 4350 4700 3610
R-7 2 520 1380 1670 3970 4470 3380
L8 3 360 1500 1730 4670 | 4740 3340
R-8 4 510 1270 1440 3980 4120 2820
L9 1 520 1500 1680 3920 4400 3900
R-9 2 530 1470 1710 3800 4380 3880
L-10 3 a0 | 1520 | tr70 | 3er0 | a2i0 | 3520 |
’-10 4 440 1320 1683 3621 4161 3165
L1 1 470 1540 1790 4174 4753 5327
R-11 2 392 1423 1756 3927 4674 5179
L-12 3 392 1361 | 1690 | 3996 4583 4358
R-12 4 443 1269 1672 3653 4202 3963
TOTALS: 11196 41936 105984 | 91969
| lece @ ten, | A End were) | B E DASMGG T VERAGE) | NG
Red. 46550 3863.9 4415.9 A4867.9
PISTON Loaded |[R23M"C23M DTS EXSM F2TIEAZIY" Erake Cyllnder Pressure, Min, 30psig Reduetien: G450
|TRAVEL: Emply |[B21M"C20"D25/16"E2 1M F25/18°AZ 14" |75
Pricumatic Handbrake Pneumaiic -
Loaded % Loaded % _Light %4
HET SHOE FORCE xi00 = A2 = 2144
LIGHT WEIGHT 195600
0 = |l0seai 1343 01059 2100 = 11.68
GROSS RAIL LOAD 782000 709000
HET SHOE FOI 00 =  |{05281 EVALUEL 91950 £100 = SVALUE 41838 x100____=  HVALUE!
(GROSS SHOE FORCE M 4475 Viert. #VALLIEL
BRAKE PIPE CHARGE OF 90  psig ATTESTED: _

Page H.2-14
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Appendix H-2.2.2  Air Brake Test Report, Form 6-A, Rev 1

Rev.1 .
Kasgro Rail Corp

Air Brake Test Report - CAR NUMBER *

(¥=Tested) °
Single Car Test, 1Set . Single Car Test, 2 Sets L
Single Car Test (includes B.C. Pressrure Test) Single Car Test { includes B.C. Pressure Test), 2 Sets ¢
Slack Adjuster Test > Retziner Valve Test B 2
Empty / Load Valve Test o Brake Pipe Leakage Test e
System Leakage Test A Equailization Pressure s
Piston Travel [ Unit Brakes) - If Equipped With Load Sensor A
Piston Travel ( Trk-MTD Brakes) R Egualiization Pressure Load Sensor e
WABCOPAC / NYPOAC Piston Trave! Adjustment S Equailization Pressure Loaded ' e
{Truck Mounted Brake es with Slack Adjuster T ‘- ' Equailization Pressure Empty X -
#1 #2 #3 #4 . Slack Adjuster Rack Measurement
Lube Handbrake AT ’ E
Emgeaet PRESSoRE. X

SYSTEM REPAIRS- List repairs, parts replaced, Location, and-why made.
Piston Travels '

B-EnD:(T123 (27 27 (5) 2% B-FnD 2 Scivicd lonDeDd — 649 psT

DE-10 ~ pBR-Z0 . EMmedimly’ — 75  PRL.

Yo% LoRD SR : Fn BTy — 25 FST
A-EnDt 4 23 (5 £ (€ 5 A-£mD I Se2vies luApis — 6.3 P5E
: DE~0 — PR-ZC Emcite~ty — 74 P3¢
40 % Loap Serisei  EETY — 29 s

ignature o Tesier_- [ LYY,

Nate: The recording of falss, fictitious, or fraudulent statements on this document may be punishable as a felony under federal statues.

Page H.2-15
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Appendix H-2.2.3  EP-60 Single Car Test Results

EP-60 Single Car Test Results:

EPSCTD Version 2.20

EPSCTD Support Files version 2.25
EPSCTD Language Files Version 1.6

Passed

12 AxTe Spent Fuel car

Tester ID: 0164
rRoad Number:

car Type: Kasgro
cco Type: overlay

Test Date and time:

o

b BWWWWWR MR I—‘E\.ﬂwmmm-

L P O 0 = e D00 TN P LD I

PN MNRMNNMNRNN RN NN RRMNE

Test

AAR Standard 5-486
charging Brake Pipe
EM?tnyoad vaive

Release Test .

Loaded Full Service Test
toaded Full Service Test
Loaded Full Service Test
Min Service Test

Min Service Test

Loaded Emergency Test
Loaded Emergency Test
Loaded Emergency Test
Release from EP Emergency
Release from EP Emergency
Empty/Load valve
Empty/Load valve
Empty/Load valve
Empty/Load valve

Empty Emergency Test
Empty Emergency Test
Battery Test

Step
5ingle Car Test
Ver1fy User entered BCP

Set E L valve(s) to Loaded
ver ch rel BCP
vars Reservoir pressure
veri CCD Loaded FS BCP
vers User entered BCP
verify cco min BCP
Veri uUser entered'BCP
vers Reserveir pressure
verify CCD Loaded Emer BCP
Veri ;y User entered BCP
verify CCD Rel BCP
Ver‘F§ User entered BCP
set E/L valve(s) to Empty
veri CCD Empty FS BCP
verify User entered BCP
Empty FS BCP Acceptable
var CCD Empty Emer BCP
ver User entered BCP
verifying battery voltage
Page 1

-s 20170105 13.48

1/5/2017 1:35:04 PM to 1/5/2017 1:47:31 PM

Expected

Yes

0.0 to 3.0 psi
Yes

0.0 to 3.0 psi
88. D

o+t

@ VI, . N
(=] L]

[l =}

OOrfrl"UDOflrf
[=X=37]

noo. .

2.0 to 68.0 psi

Eé | € DO~~~

5
75.0 to 81.0 psi

11 vdc min

i 77.5
i 77.0 psi

Actual

Yes |
0.0 psi
Yas i
0.4 psi
91.5 psi

i 65.6 psi
65.0 psi

10.4 psi
10.0 psi
90.4 psi
psi

0.4 psi

0.0 psi

Yes .
63.7 psi
24.0 psi
Yas i
78.0 pst
30.0 psi
12.6 vdc

o

VI WO VI VOUUVU!I VUV UWI 0TI DO~

mn
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Appendix H-2.2.4 Example of AAR Air Brake Test Witness Letter
TTCI Letter #CC-209-221 dated January 17, 2017

.9 s

ﬁ_\ ' Kenneth Pfahler
. ‘Field Inspector - MID/QA Auditor
Transportation b7 d

427 North 3rd Street, Ext.

Technology Center, fiic. Bellwood, PA 16617
Cell: 814-515-3803

Email: ken_pfahler@fici.aar.com

January 17, 2017

File: CC-209.221

Subject: Single Car Air Brake Test Observations Results / Kasgro Rail '
Corporation, Mew Castle, PA / Specifications 8-2043 & 8-486 -- H/D
Flat Car () 15¢d to carry High-Level Radioactive Material |

|

!
Mr, David L. Cackovic |
Chief — Technical Standards & Inspections i
Transportation Technology Center, Inc.
£.0. Box 11130 !
Pueblo, CO 81001 |
E-mail; David_Cackovic@aar,com

Dear Mr. Cackovie,

Specification testing of I Heavy Duty Flat Car, specifically the Single Car Air Brake Test has
been completed. Testing was done at the Kasgro Rail Corporation facility in New Castle, Pennsylvania on
January 17, 2017 to comply with Specification S-2043 and S-486.

1 was present (test witness) for the required Single Car Air Brake Test and can conclude that applicable
requirements of AAR Specification §-486 have been satisfaclorily addressed, Talso witnessed the Brake
Pipe Restriction Test and can conclude that the AAR Specification S-471 appeared to have been satisfactorily
addressed. Additionally, per an email from Mr, Belport dated July 27, 2010 a Brake Shoe Force
Measurement Test was to be performed on two (2) cars, this has been satisfactory completed on KRL 39470

anc [ -

Attached information was supplied by the Kasgro Rail Corporation in support of the approval process.
Should you need any additional information, please do not hesitate to call.

Sincerely, -

%}c&ﬂﬂﬂ!?l g}ﬂgfn‘t
Kenneth Pfahler

co: I 17C1
I <oz
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Appendix H-2.2.5 Wabtec Corporation Practice Test and Practical Exam per AAR
Standard S-486-13

Reference supplied upon request for pages H.2-18
to H.2-28
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APPENDIX H-2.3
BUFFER RAILCAR NDE EXAMINATIONS AND TESTING
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Appendix H-2.3.1  TUV Rheinland Industrial Solutions, Non-Destructive Testing |
Group, Work Instruction No. PA-WI-08-005, Rev No. 1
Ultrasonic Testing to AWS D15.1 Railroad Welding Specification

Reference available upon request
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Appendix H-2.3.2  TUV Rheinland Industrial Solutions Procedure TRIS NDE-VT-4,
Rev No. 0, Visual Inspection NAVSEA Technical Publications T9074-AS-GIB 010/271

Reference available upon request
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Appendix H-2.3.3  TUV Rheinland Industrial Solutions, Non-Destructive Testing |
Group, Work Instruction No. WI-08-001, Rev No. 1, Liquid Penetrant Examination

Reference available upon request
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Appendix H-2.3.4 TUV Rheinland Industrial Solutions, Non-Destructive Testing
Group Work Instruction No. WI-08-002, Rev No. 1, Magnetic Particle Examination of
Ferromagnetic Materials

Reference available upon request
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APPENDIX H-2.4
BUFFER RAILCAR SAFETY MONITORING SYSTEM
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Appendix H-2.4.1  System Safety Monitoring Procurement Specifications for use
with AAR Standard S-2043 HLRW Railcars
Procurement Specification SSM Procurement Spec RF

SYSTEM SAFETY MONTORING PROCUREMENT SPECIFICATION
FOR USE WITH AAR STANDARD S-2043 HLRW RAILCARS

Rick Ford

Kasgro Rail Corp., Inc.
121 Rundle Road

New Castle, PA 16102
Tel: 724-658-9061
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System Safety Monitoring Procurement Specification for AAR 5-2043 HLRW Trains

1.0 Scope of Work

1.1 5-2043 System Safety Monitoring (SSM} Equipment for use with railcars to be used
for transport of High Level Radioactive Materials (HLRM) by rail. The system supplied
must be 100% compatible with current SSM equipment currently being utilized on
DODX railcars for transport of HLRM. Supply of SSM equipment for use with one (1}
12-axle cask flat car and two (2} 4-axle buffer flat cars to meet the requirements of
American Association of American Railroads (AAR) Standards $-2043 and $-2045,
unless otherwise specified, herein.

“Note: SSM communication utilizing CDMA 1XRTT technology is not acceptable as it

planned for sunsetting at the end of December 2019.”

2.0 Applicable Documents and Drawings

2.1 The documents identified herein a part of this specification and revision dates
shall be the date of Request for Proposals.

2.2 Commercial documents listed herein (i.e. AAR. ASTM, AWS), the latest revisionis
acceptable.

2.3 Should a conflict occur between this procurement specification and the
references listed herein, the text of this procurement specification shall take
precedence. Any conflicts shall be identified to the Buyer for information.

2.4 Association of American Railroads (AAR} Specifications, Standards and
Recommended Practices.

2.2 5-2043 Performance Standard for Trains Used to Carry High-Level Radioactive
Material, Effective 2003, Revised 2009, or latest version.

2.4  S-2045 Standard Operating Procedure for Installation of Remote Monitoring
Equipment.

2.5 S-5700 Railroad Electronics Standards Configuration Management.

2.6 S$-5702 Railroad Electronics Environmental Requirements

2.7 American Welding Society (AWS)

2.7.1 D1.1 Structural Welding Code — Steel
2.7.2 D15.1 Railroad Welding Specification, Cars and Locomotives
2.8 Railcar General Arrangement Drawings for cask and buffer cars.
3.0 Quality Assurance Provisions

3.1 Unless otherwise approved by the Buyer, the Seller shall maintain a quality
management and inspection system with a nationally recognized quality
standard during the term of the contract. The Seller’s quality manual shall be
available for Buyer review, upon request.

SSM Procurement Spec RF 2
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System Safety Monitoring Procurement Specification for AAR 5-2043 HLRW Trains

4.0

5.0

Buyer Supplied Equipment

4.1

The Buyer will provide one (1) 12-axle cask Flat car and two (2} 4-axle
buffer cars. Buyer shall perform testing as required by Sections 6.2 and 6.3 to AAR
standard $-2043 (reference paragraph 5.21 below}.

Requirements

5.1

(1)
(2)

5.2

The Seller shall desigh and provide all of the software, materials, equipment,
resources, and documentation necessary to satisfy the requirements in AAR
Standard 5-2043 for system safety monitoring. The monitoring system shall
satisfy all of the requirements for real-time and remote monitoring including,
data collection, data storage, data download, data transmission, operating
displays, train stop alarms, warning signals, internal self-test circuitry, report
generation, etc. Sensors may be wireless, hardwired, or a combination of both at
the option of the Seller. All requirements in 5-2043 shall apply (reference Sections
4.5, 4.7.8, 6.2, Appendix A Section 4.6, and Appendix B Sections 5.4 and 5.5} with
the following exceptions

The system is not required to monitor the braking performance parameters
monitored by the Electronically Controlled Pneumatic (ECP} brake system.

The monitoring system is not required to function over the ECP braking system,
but the design shall not preclude the ability to develop and incorporate
communication via the ECP braking system in the future as required by
Paragraph 4.4.1 of $5-2043.

In lieu of real-time ECP brake system communication per Paragraph 4.5.4.2.1 of
S-2043, the monitoring equipment shall communicate real-time with the
locomotive, buffer cask, and escort vehicles via other direct connection such as
radio frequency. Remote communication per Paragraph 4.5.4.2.2 of $-2043 may
be via cellular, satellite, or combinations thereof. The system shall:

(1) Monitor and record all required parameters simultaneously at a sampling
rate acceptable to the AAR/EEC (i.e., a polling refresh rate no slower than
once per second and a maximum notification dwell time of 10 seconds}).

(2)  save all data/variances at times when communication coverage (cellular
or satellite}, is temporarily unavailable, and transmit the data when
coverage is re-established.

(3) Save all data collected in the event of a power failure or railcar derailment.
The system shall exhibit the same robust capabilities of modern
locomotive event recorders (reference: 49 CFR, Part 229 Appendix D).

(4) Provide secure encrypted data transmission that is Federal Information
Processing Standard (FIPS) PUB 140-2 compliant or greater. The Security
Level applied per FIPS PUB 140-2 shall be at the option of the Seller.

(5) Provide secure password protected access to the data, both real-time and
remotely.

SSM Procurement Spec RF 3
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System Safety Monitoring Procurement Specification for AAR 5-2043 HLRW Trains

5.3

5.4

5.5

5.6

5.7

(6) Immediately provide remote notification of alarms via cell phone or E-
mail to pre-established personnel designated by the Buyer.

(7} Conform to technology that utilizes the equivalent of Long-term Evolution
(LTE, 4G or latest technology).

The monitoring system shall be designed for use on the cask and buffer flat cars
as shown on Kasgro drawings XXXXX, in both the loaded and empty conditions.
The loaded conditions are shown on drawing XXXXX. The number of railcars to
he equipped with the monitoring system shall be defined in the purchase order.

The monitoring system shall be capable of operating with multiple SSM equipped
flatcars in a train, and shall differentiate the data being collected, recorded, and
reported for each specific railcar.

The railcar monitoring equipment and system shall be designed for operation and
storage under the range of environmental conditions and requirements specified
in Section 3.0 of AAR Standard S-5702; for the appropriate class/category of the
equipment as delineated in Table 3.1 of 5-5702 except at follows:

The railcar monitoring equipment and system shall satisfy the requirements in
Section 4.0 of S- 5702 relating to electromagnetic interference and compatibility
as clarified below:

(1) The Radiated Limits per Paragraph 4.2.1 of $-5702 shall apply only to
equipment that utilizes train line or other railcar supplied power, or
resides in the locomotive. In addition, supplied equipment shall not
operate on any frequency used by railroad communications (150, 220, 450
and 900 MHz) and any cellular frequencies.

(2) The requirements for Conducted Emissions, Conducted Susceptibility, and
ESD Susceptibility per Paragraphs 4.2.2.1, 4.2.2.2 and 4.2.3 of S-5702,
respectively, shall only apply to equipment that utilizes train line or other
railcar supplied power, or resides in the locomotive.

The Seller shall provide evidence in writing that the equipment has met
the applicable electromagnetic interference (EMI} acceptance tests
required by $-5702.

The Safety System Monitoring Equipment shall:

(1) Be capable of substantial down-time (3 to 4 years} in outside storage
between uses without degradation to the instrumentation or power
supply.

(2) Be designed to allow for easily integrating future sensor types/models
with minimal or no redesign.

SSM Procurement Spec RF 4
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System Safety Monitoring Procurement Specification for AAR 5-2043 HLRW Trains

5.8 If required by the AAR, the railcar monitoring equipment and system shall:

(1) Comply with the Vendors configuration management guidelines of AAR
Standard S-5700.

(2) Comply with the standards established by the Railway Electronics Task
Force (RETF}. The Seller's configuration management processes shall be
compatible with the configuration management plan used by the RETF so
that the Seller's products clearly indicate the version of the standard(s}
with which they are compliant.

5.9 The Seller shall provide a complete parts list and an assembly drawing to show
the arrangement of the monitoring system as it will be installed on the 12-axle
cask and 4-axle buffer flatcars (i.e., sensor locations, mounting and wiring
arrangements, location of power supplies and data processing equipment, etc.).
Enlarged views or supplemental drawings shall be provided, as necessary, to
show the details for sensor and equipment mounting. The drawings and
subsequent revisions shall be subject to Buyer approval.

5.10 The Seller shall provide an assembly, operating, maintenance, and
troubleshooting manual for the monitoring system specific to both the cask and
buffer flat car application. The manual shall be subject to Buyer approval and
shall include:

(1) A complete description of the monitoring system, including a detailed
description of the method of sampling/collecting, storing, and reporting
information for both the real-time and remote systems.

(2) A system schematic and high level block diagram.

(3) A copy of the assembly drawing(s) and parts list.

(4) A copy of the manufacturer's specification sheets for each sensor and
component.

(5) Assembly and equipment checkout instructions.

(6) Operating instructions including methods to confirm proper
system/equipment calibration, sensor response, and communication.

(7) Maintenance instructions including a list of required spare parts.

(8) A fault tree analysis per Section 4.5.5 of $-2043.

(9) Any custom software developed by the Seller.

5.11 The Seller shall obtain or confirm AAR/EEC acceptance of the System Safety
Monitoring design in accordance with Section 4. 7 .8 of S-2043 and Section 3 of S-
2045, prior to installation of the lead monitoring system on a cask and buffer
flatcar test vehicles. The design package shall be provided for Buyer review and
information at least 30-days prior to submittal to the AAR/EEC. AAR acceptance
of the monitoring system (in writing) shall be provided to the Buyer as evidence
of compliance with this requirement.

SSM Procurement Spec RF 5
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System Safety Monitoring Procurement Specification for AAR 5-2043 HLRW Trains

5.12

5.13

5.14

5.15

5.16

5.17

The real-time limits/situations requiring a train stop signal shall be as specified in
Paragraph 4.5.4.2.1 of $-2043. The real-time limits requiring a warning for train
inspection at the next scheduled stop shall be as specified in paragraph 4.5.4.2.2
of $-2043. In addition, the real-time and remote systems shall specifically identify
and notify of any detected variances to: (1) the overheated roller bearing criteria
specified in Rule 36 of the Field Manual of the AAR Interchange Rules (IR}, and (2}
the wheel out of round (flats) impact criterion specified in Rule 41 of the AAR IR
and AAR Report No. R-829 (Wheel Impact Load Detector Tests and Development
of Wheel Flat Specification).

Unless otherwise accepted by the Buyer, instrumentation for measuring lateral
acceleration and hunting shall be mounted near the lateral centerline of one of
the car-body bolsters and on each span bolster in line with the lateral centerline
of Truck-A and Truck-B. Alternate sensor mounting locations as recommended by
the Seller are acceptable subject to Buyer approval.

The power supply for the monitoring system shall be capable of continuous
operation and monitoring of all required parameters for a period of no less than
1 year without the need to replace any portion of the power supply (e.g.,
batteries).

All sensors with an independent power supply (i.e. sensors that do not rely on
the source that powers the central processing unit} shall be equipped with a
feature that minimizes (e.g. nanoamps} or precludes the draw of power until
activated for use.

The system shall include self-test circuitry to internally check power levels and to
assess the performance status of the equipment/sensors installed to monitor all
of the parameters required by paragraph 4.5.4.1 of S-2043, except as excluded in
paragraph 5.1 above.

The system shall be capable of preparing reports showing the measured
conditions and system response while monitoring all of the parameters listed in
Section 4.5.4 of 5-2043, except as excluded in paragraph 5.1 above. The data shall
be collected and recorded in such a manner to identify specific railcar location
and train speed for all other parameters monitored. Report generation shall be
available in both tabular and graphical formats (e.g., .xls, .csv) to facilitate trend
analyses.

The monitoring system shall be designed to provide the flexibility to:
(1) Only transmit and archive the exception data, including the raw data for

60 minutes prior to the exception.
(2) Delete the remotely stored data at the end of each trip.

SSM Procurement Spec RF 6
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System Safety Monitoring Procurement Specification for AAR 5-2043 HLRW Trains

5.18

5.19

5.20

5.21

(3) Limit or exclude either the real-time or remote data transmissions at the
operating option of the Buyer.

(4) Exclude the locomotive warning or stop-train display lights at the
operating option of the Buyer for each individual trip (i.e. portable}).

(5) Relocate the readout display panel between escort vehicles and trains
(i.e., portable).

(6) Remotely delete the data stored on the system's removable media (i.e.,
without physical work on the railcar-mounted equipment.)

All sensors of the same type shall be interchangeahle with one another. The Seller
shall ensure any programming required to activate or incorporate replacement
sensors into the monitoring system can be performed remotely.

Portable display units shall include an audio alarm that sounds when a
warning/exception occurs. The alarm shall have the ability to be turned off once
the warning/exception has been acknowledged. The Seller shall provide
protective carrying cases (e.g., hard plastic outer shell with internal padding} for
the portable display units to facilitate handling and to minimize the potential for
handling damage. One case shall be provided per display or per set of displays.

All welds used for assembly of the monitoring equipment to the cask and buffer
flatcars shall be made and subjected to a 1X visual inspection in accordance with
AWS D1 .1 or AWS D15.1.

Equipment and sensors located on the car body or end platforms shall be
protected from potential inadvertent damage due to personnel walking or
working on the railcar.

Unless otherwise approved by the Buyer, central onboard power/monitoring
units shall be stenciled or decaled per S-2045 to identify the unit function and the
applicable contact phone number for information related to the device. The
stencil/decal shall be highly visible and shall be a minimum of 2" x 3" in size.
Stencil/decal color shall be as agreed between the Buyer and Seller, but shall not
be bright yellow.

Prior to full system production, the Seller shall provide and install lead
monitoring systems on cask and buffer test vehicles. The test cars and the
monitoring systems shall be tested and operated by the Buyer in accordance with
Sections 6.2 (System Monitoring Tests} and 6.3 (Revenue Service Tests} of AAR
Standard S-2043. Seller personnel shall be on location at the test facility
(Transportation Technology Center} to provide technical support during the
testing performed per Section 6.2 of 5-2043, and shall be responsible to resolve
any system design/hardware issues. Lessons learned or necessary equipment
improvements determined from lead unit testing shall be implemented on all
subsequent production units.

SSM Procurement Spec RF 7
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System Safety Monitoring Procurement Specification for AAR 5-2043 HLRW Trains

5.22

5.23

5.24

When required by the purchase order, the Seller's personnel shall install the
monitoring systems on the production cask and buffer flat cars, and confirm that
each system is fully functional and is operating in compliance with the technical
requirements specified herein and by the applicable AAR standards and
specifications. Seller installations shall be field service operations at the locations
of the flatcars at the time of system installation. If third party installation is
performed, Seller shall package, pack, and ship all equipment to the required
destinations. Packaging and packing shall be per good commercial practice and
shall ensure the equipment arrives at destination without damage during
handling or shipment.

Over the course of the development, testing, and production of the monitoring
system various meetings/conferences shall be conducted between the Buyer and
Seller including:

(1) A kickoff meeting (within 1 month after order placement} to review the
overall development plan and schedule.

(2) Periodic meetings (approximately every 6 weeks} at the Sellers facility to
review overall status and emergent issues.

(3) Weekly status calls.

(4) A meeting at the Sellers facility to review the design package prepared for
submittal to the AAR/EEC per paragraph 5.11 above.

The Seller shall install tamper-indicating security seals around the outermost
enclosures that contain the removable data storage media. The Seller shall
provide all tools and materials necessary for seal installation, and one set of seal
equipment (wire spool, package of security seals, seal press} shall be provided for
each railcar to be equipped with monitoring equipment, with the total quantity
identified by the purchase order.

It is recommended that the same type of security seals currently used on DODX
railcar SSM equipment be used to maintain consistency.

SSM Procurement Spec RF 8
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Appendix H-2.4.2  Lat-Lon AAR Approved S-2043 System
Procurement Specification SSM Procurement Spec RF

Lat-Lon, LLC
)) 2300 S. Jason St.
Lat_Lon Denver, CO 80223
- 303-937-7406

LAT-LON AAR APPROVED S-2043 SYSTEM

awarded Lat-Lon, LLC a contract _
with a monitoring system to meet AAR S-2043 requirements with the

following exceptions:
(1) The system is not required to monitor the braking performance parameters monitored by the
Electronically Controlled Pneumatic (ECP) brake system.
(2) The monitoring system is nof required to function over the ECP braking system.

This is copgistent with the implementation plan for multiple-car testing of the 290 ton flatcar, as
submitted and accepted by the AAR/EEC.

Railcar Drawing

Page 1
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ars ubhend
(Top of deck) | L

SYSTEM DESCRIPTION

Design Overview

Two monitoring systems are installed on each car. One system is positioned at the A end platform and
is responsible for the A end readings and the other system is mounted on the B end platform and
responsible for the B end readings. This creates redundant car body measurements on each car while

making the system more failsafe and cost effective.

Orientation

The general layout for the 12 axle flat car monitoring system is shown on the diagram below.

Flat Car Diagram - Top View

Left side

L3 L4 LS L6 L7 L& L9 Lz
Truck Truck Trsck Track Truck
Sensor  Sensor Sensor Sensor Sensor

vy 2R R

Ll
Truck
Sensor

vy o4

2
Truck
Sensor

Truck
Sensor

Truck
Sensor

Truck
Sensor

LY LX
Truck Tk
Senzor Sensor

vy

A end
GPS Unit
¢ (Top of deck)
RI R2 3 R4 RS R RT RS Ry RZ RY RX
Truck Truck Track Truck Truck Truck Truck Truck Truck Truck Truck Truck
Sensor Senzar Semsor | Sensor Sensor Sensor Sensor Bensor  Sensor Sensor Sensor Sensor
Right side
B End g] A End
Accelerometer Accelerometer
Page 2
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System Components
The monitoring system is broken down into nine component groups. Each component group has a
number of sub assemblies. The system is maintained on a component basis. These components are

designated as follows:

Mounting Pedestal
A End
B End

Pedestal Cover (qty 2 per pedestal)
A End
B End

Page 3
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GPS Base Unit
A End GPS Base Unit
B End GPS Base Unit

Memory Module
A End
B End

Battery Module
A End
B End

Page 4
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Solar/Antenna Cap

A End
Cellular Antenna
VHF Antenna
Wireless Sensor Antenna
Solar Panels

B End
Cellular Antenna
VHF Antenna
Wireless Sensor Antenna
Solar Panels

Wired Sensor & Wire Harness
A End
B End

—

Page 5
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Wireless Truck Mounted Sensors — Each of these sensors are identical but its position is designated into
the unit’s database.

R1 Sensor

R2 Sensor

R3 Sensor

R4 Sensor

R5 Sensor

R6 Sensor Associated with B end

L1 Sensor

L2 Sensor

L3 Sensor

L4 Sensor

LS Sensor

L6 Sensor

R7 Sensor
R8 Sensor
R9 Sensor
RZ Sensor
RY Sensor
RX Sensor  Associated with A end
L7 Sensor
L8 Sensor
L9 Sensor
L7 Sensor
LY Sensor
LX Sensor

Portable Display Units (set)
Two units provided per set

Page 6
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BUFFER RAILCAR BILL OF MATERIAL
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. ZOA g VWA ~ T
RAIL KASGRO CORP

DATE: Jun-17 — _ _ —

LISTED BY; Jo Ty () () (T ) O O O

CHECKED BY NH 121 RUNDLE RD. NEW CASTLE, PA

CUSTOMER:

Issue Date: Jan-2018 TYPE OF CAR: 4 AXLE FLAT ATLAS BUFFER CAR
ITEM DWG. NO. OR REL'D DESCRIPTION QUAN. P.O. |Vendor
NO. MFG. PART NO. PUR | FAB CAR TOT| NO.
11 AS 5411 SWING MOTION TRUCK ASSEMBLY 2 Amsted Rail
12 N53272-1 KONI DAMPER ASSEMBLY 4 Amsted Rail
13 11865 E15GB CUSHIONING UNIT 2 Amsted Rail
14 F-15 J YOKE ASSEMBLY 2 Amsted Rail
15 DB6OI| PNEUMATIC AIR BRAKE 1 New York Air Brake
16 D-1160-32 TRUCK SPRING ASSEMBLY 2 Wabtec
1-7 V-674 BRAKE SHOE 8 Airek
18 TTEF-15W UNCOUPLING LEVER ASSEMBLY 2 Rollform Group
1-9 AAR Y47 COUPLER PIN 2 |McConway & Torley
110 EF 511 COUPLER TYPE E-43 F Shank 2 [McConway & Torley
111 4067 16" DIA LOW PROFILE CENTER PLATE 2 [Amsted Rail
112 BB624-RH #24 BRAKE BEAM RH 2 [Miner Ent
113 BB624-LH #24 BRAKE BEAM-LH 2 [Miner Ent
114 TCCAI-60LT TRUCK SIDE BEARING 4 [Miner Ent
115 61936 WHEEL SET ASSEMBLIES 4 Progress Rail
121 F4638 DROP IN TRUCK WEAR LINER 2 Astralloy
1.22 1025 RETAINING KEY 8 PA Railcar
1-24 343-L TRUCK MOUNTED BRAKE SYSTEM 2 Amsted Rail
157 7900 HAND BRAKE 1 Amsted
128 S4D-6511.09 GRAB IRON 1 ARI
129 S4D6513-03 GRAB IRON 7 ARI
131 7918 SIDE BEARING WEDGE 3 Stucki
132 8030 13/32 X 3 1/2" BRAKE PIN 2 General Bearing
1-33 3700011 5/16 X 2 1/2 LOCKTITE COTTER 4 General Bearing
134 1026 JAW FOR 3/4" ROD 3 Wablec
1-35 SCHAEFER EYE FOR 3/4 ROD 1 Wabtec
1-36 7264 1/2" HAMMERLOCK FITTING 1 Amsted Rail
137 1749 SHEAVE WHEEL 1 Amsted Rail
138 D-1003.20 BRAKE BADGE PLATE 1 Specialty Metals
-39 8015 T 3732 X 6 BRAKE PIN 1 General Bearing
140 258 CLEVIS 1 Amsted Rail
141 240 RIVET 1 Amsted Rail
1-42 565256 314 SOCKET WELD FT1G 15 VWabtec
143 93841 374 GASKET 15 Wablec
1-44 565252 3/8 SOCKET WELD FTG 2 Wabtec
145 53830 378 GAGKET 2 Wabtec
146 565262 1 1/4 SOCKET WELD FTG 5 Wabtec
147 94790 11/4 GASKET 5 Wabtec
148 565759 T SOCKET WELD F1G 2 Wablec
149 93986 T GASKET 2 Wabtec
150 580042 374 SOCK FTG NO GASKET 5 Wabtec
161 EHS HOSE SUPPORT 7 Strat0
163 AAR-300 1 1/4 COUPLING ] Wabtec
164 93839 3/8 GASKET 2 Wabtec
1-65 90034-281 ANGLE COCK U-BOLT 2 VWabtec
1-66 98903 3/4 X 3/4 X 3/4 TEE BODY 1 Wabtec
1-67 578219 HOSE ASSEMBLY 2 Wabtec
21 7/8 - 9 NC X 3 1/2" HEX BLT 28 AAR Vendor List
22 7/8 - 9 NYL INS LNUT 28 AAR Vendor List
23 5/8 - 11 NC NYL INS LNUT 50 AAR Vendor List
2.4 5/8-11 NC X 2" HEX BOLT 16 AAR Vendor List
25 5/8-11 NC X 2 1/4" HEX BOLT 3 AAR Vendor List

Page 1
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o [ " — s
RAIL KASGRO CORP

DATE: Jun-17 J— I

LISTED BY; J0 O O O O SONONON®)

CHECKED BY NH 121 RUNDLE RD. NEW CASTLE, PA

CUSTOMER:

|1ssue Date: Jun-17 TYPE OF CAR: 4 AXLE FLAT ATLAS BUFFER CAR
ITEM DWG. NO. OR REL'D DESCRIPTION QUAN. P.0. |Vendor
NO. MFG. PART NO. PUR | FAB CAR TOT| NO.
2.6 3/4-10 NC X 3" PLOW BOLT 8 AAR Vendor List
2-7 3/4 - 10 NC NYL INS AAR Vendor List
2-8 3/4 - 10 NC X 2" HEX BOLT 4 AAR Vendor List
2.9 5/8 -11 NC X 2 1/2" HEX BOLT 14 AAR Vendor List
2-10 1/2-13 NC NYL INS LUNIT 18 AAR Vendor List
211 1/2-13 NC X 2 1/4 HX_BOLT 16 AAR Vendor List
212 3/8-16 NC_NYL INS L'NUT 16 AAR Vendor List
213 3/8-16 NC X 1 1/2" HX BOLT 8 AAR Vendor List
2-14 5/8-11 NC X 12 1/2" HX BOLT 4 AAR Vendor List
215 1-8 NC X 7" HX BOLT 3 AAR Vendor List
216 1-8 NC NYL INS L'NUT 3 AAR Vendor List
217 562054 1/2-13 NC X 1" SLCS 10 WABTEC
2-18 1/2-13 NC X 4" HX BOL1 2 AAR Vendor List
219 562005 1/2-13 NC X 1 1/2" SLCS 2 WABTEC
220 5/8-11 NC X 3" HX BOLT 1 AAR Vendor List
2-21 5/8-11 NC X 4 1/2 HX BOLT 2 AAR Vendor List
2-22 5/16 X 2 1/2' COTTER 1 AAR Vendor List
223 1/2-13 NC X 1 7/8 TEE HD BOLT 2 AAR Vendor List
2-24 562052 3/8-16 NC X 1" SLCS 2 WABTEC
2-25 3/8-16 NC X 1 1/4 HEX BOLT 8 AAR Vendor List
2-26 13/4-5 NC X 11" HEX BOLT 2 AAR Vendor List
227 1.3/4-5 NC HEX NUT 2 AAR Vendor List

5-2043 SYSTEM SYSTEM _SAFETY MONITORING 2 LAT-LON, LLC

Page 2
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APPENDIX H-4
BUFFER RAILCAR FABRICATION INSPECTION PLAN
SUPPORTING DOCUMENTS
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Appendix H-4.1  Kasgro Rail Receiving Inspection Report
Form 9Z-1

KASGRO RAIL CORP

. FORM 92-1
- RECEIVING INSPECTION REPORT

Date 7/21/10

P.O# CAR/JOB #

MATERIAL DESCRIPTION

DRAWING # PART #

(IF FABRICATED PART) DRAWING #

MILL REPORTS RECEIVED YES___ NO___ N/A__ REPORTS CORRECT YES_NO - N/A__

ACGCEPTANCE PER SAMPLE SIZE WHEN SAMPLING LOTS OF MATERIAL

LOT SIZE SAMPLE SIZE REJECTION CRITERIA
1-10 1 1
11-20 2 1
21-50 3 1
51-100 4 1
101-200 5 1
-1201-500 6 1
501-UP 7 PER 500 LOT 1PER 500 LOT
DATE RECEIVED] QUANTITY QUANTITY REMAINING - ‘REMARKS

To the best of my knowledge all information contained in this document is accurate.

Signed: Kasgro Rail
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Appendix H-4.2  Railcar Dimensional Inspection and Sampling Plan
Forms 9B and 9C

PURCHASE ORDER: RAILCAR DIMENSIONAL INSPECTION AND SAMPLING PLAN 1

IDRAWING NO. REV LEVEL I FORM 9B  3/17/10

ITEM NO. | NO. PER CAR|SAMPLING PLAN

3-14 8 10F 8 LIMITED DIMENSIONS ( SEE DATA SHEET)
3-15 8 10F 8 LIMITED DIMENSIONS ( SEE DATA SHEET)
3-16 8 10F 8 LIMITED DIMENSIONS ( SEE DATA SHEET)

INSPECTION ACCEPTANCE PER SAMPLE SIZE
LOT SIZE SAMPLE SIZE REJECTION CRITERIA
1-10 1 1
11-20
21-50
51-100
101-200
501-UP

I CAEN LS
NN

To the best of my knowledge all information contained in this document is accurate.

Signed: Kasgro Rail

The recording of false, fictitious or fraudulent statements or entires on this doucment may be punishable as a felony under federal law statutes.
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PURCHASE ORDER: RAILCAR DIMENSIONAL INSPECTION AND SAMPLING PLAN 2
[DRAWING NO 0 [Revievel] o ] FORM 9C  3/17/10
I Item no. | 3-14 |Qty | 8

Inspected By: Date:
Dimension/ | Frequency |Method of Record Actual | Results
Tool No. . N
Tolerance . . Dimension -
of Inspection | Inspection Piece 1
22'-8" 10F 8 A NA OK/UNSAT
3'6" 10F 8 A NA OK/UNSAT
2" Thickness 10F 8 A NA OK/UNSAT

Inspection Method Legend
A-TAPE MEASURE
B-VARIABLE GAGE
C-FIXED GAGE

Inspection Symbol

Check Mark = OK

x = UNSAT

Yes = Record Actual Dimension
NA = No Inspection Required

The recording of false, fictitious or fraudulent statements or entires on this doucment may be punishable as a felony under federal law statutes
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RAILCAR DIMENSIONAL INSPECTION AND SAMPLING PLAN

PURCHASE ORDER:
[DRAWING NO 0 [Revievel] o ]
I Item no. | 3-15 |Qty | 8
Inspected By: Date:
Dimension/ | Frequency |Method of Record Actual | Results
Tolerance Tool No. Dimension -
of Inspection| Inspection Piece 1
22'-11 3/16" 1 OF 8 A NA OK/UNSAT
3'1" 10F 8 A NA OK/UNSAT
2" Thickness 1 OF 8 A NA OK/UNSAT

Inspection Method Legend
A-TAPE MEASURE

B-VARIABLE GAGE

C-FIXED GAGE

Inspection Symbol

Check Mark = OK

x = UNSAT

Yes = Record Actual Dimension
NA = No Inspection Required

The recording of false, fictitious or fraudulent statements or entires on this doucment may be punishable as a felony under federal law statutes,

FORM 9C

3/17/10
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PURCHASE ORDER: RAILCAR DIMENSIONAL INSPECTION AND SAMPLING PLAN 4
[DRAWING NO 0 [Revievel] o ] FORM 9C  3/17/10
I Item no. | 3-16 |Qty | 8
Inspected By: Date:
Dimension/ | Frequency |Method of Tool No. | Record Actual Results
Tolerance | ¢ |15 pection | Inspection Dimension | Bigce 1
22'-11 3/16" 10F 8 A NA OK/UNSAT
4" 10OF 8 A NA OK/UNSAT
2" Thickness 10F 8 A NA OK/UNSAT

Inspection Method Legend
A-TAPE MEASURE

B-VARIABLE GAGE

C-FIXED GAGE

Inspection Symbal

Check Mark = OK

x = UNSAT

Yes = Record Actual Dimension
NA = No Inspection Required

The recording of false, fictitious or fraudulent statements or entires on this doucment may be punishable as a felony under federal law statutes
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Appendix H-4.3  Kasgro Rail Burning Table Inspection Report

Form 9Z-A-1
KASGRO RAIL CORP
FORM 9Z-A-1
BURNING TABLE INSPECTION REPORT
DATE 7/21110

P.O# ' CAR/JOB #
MATERIAL DESCRIPTION ‘

PRAWING # PART #

MILL REPORTS RECEIVED YES___ NO_ N/A__ REPORTS CORRECT YES _NO__ N/A__

ACCEPTANCE PER SAMPLE SIZE WHEN SAMPLING LOTS OF MATERIAL

LOT SIZE SAMPLE SIZE REJECTION CRITERIA

1-10 -1 1

11-20 2 1

21-50 3 1

51-100 4 1

101-200 5 1

201-500 6 1

501-UP 7 PER 500 LOT 1 PER 500 LOT

DATE CUT QUANTITY QUANTITY REMAINING REMARKS

To the best of my knowledge all information contained in this document is accurate.

Signed: Kasgro Rail
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Appendix H-4.4  Car Body — Heat Identification Form
Form 44B, Rev 3/12/2010

CAR BODY - HEAT IDENTIFCATION
FORM 44B - 3/12/2010

"MATE : BODY NUMBER:
'O THE BEST OF MY KNOWLEDGE ALL INFORMATION CONTAINED 1S ACCURATE
SIGNED: KASGRO RAIL

"Use ol ASTM 572 graﬁe 50 matenal s awepiaﬁfa Tor qmie B0 hatl pro\riieﬁ e machanical pmpeﬁes Tor grade B0 maleral are salisfad )

Charpy impact testing, when required, will be In accordanca with ASTM A873. The minimum average absorbed energy shall be 20 ft-lbs

at zero degrees F. Tranverse Impact test Is requlred for plate widths over 24 inches

PART NO. | PRINT NO.| HEATNUMBER |  MELTER | QTY/CAR| MATERIAL :Ejtjfg‘
3-11 D-1114-09 o A-36 hardness
3-11 D-1114-09 A-36 hardness

A-572 GR50
A-572 GRB0O* |charpy
A-572 GRBO* |charpy
A-572 GRB0O* |charpy
A-572 GRB0* |charpy

3-18 D-1114-10
3-16 D-1114-10
3-16 D-1114-10
3-16 D-1114-10
3-16 D-1114-10

3-17 D-1114-10 A-572 GR50
3-17 D-1114-10 A-572 GR50 .
3-18 D-1114-10 A-672 GRS0
3-18 D-1114-10 A-572 GRS50

A-572 GRB0* |charpy
A-572 GRB0* _|charpy

326 | D-1114-12
326 | D-1114-12

3-27 D-1114-13 A-672 GR50
3-27 D-1114-13 A-572 GR50
3-28 D-1114-13 A-572 GR50
3-28 D-1114-13 A-572 GRS0
3-31 D-1114-14 A-572 GR50
3-31 D-1114-14 A-572 GR50
3-32 D-1114-14 A-572 GR50
3-32 D-1114-14 A-572 GR50

A-572 GRB0* |charpy
A-572 GR60* |charpy
A-572 GRB0* |charpy

3-34 D-1114-15
3-34 D-1114-15
3-35 D-1114-16

PN (MR = | = NN NN R M [N N R N (BB M2 N RN [ [ [ B s = S S

3-36 D-1114-16 A-572 GR50
3-37 D-1114-16 A-572 GR5E0D
3-37 D-1114-16 A-572 GR50
3-139 D-1114-39 A-572 GR42
3-139 | D-1114-39 A-572 GR42
Bolster Assembly Applied Aend B end
© Welding Wire Hobart:

Note: The recording of false, factitious or fraudulent statements or entries on this document may be punishable as a felony
under federal statutes. o
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CAR BODY - HEAT IDENTIFCATION
FORM 44B - 3/12/2010

"NATE : BODY NUMBER:
10 THE BEST OF MY KNOWLEDGE ALL INFORMATION CONTAINED IS ACCURATE
- SIGNED: KASGRO RAIL
*Usze of ASTM 572 grade 50 material is acceplable for grade 60 mal'l provided the mechanical prnpleﬂies for grade B0 mategial are satisified
Charpy impact testing, whan required, will be th accordance with ASTM AB73. The minimum averags absorbed energy shall bo 20 ft-lbs
at zero degress F. Tranverse impact test is required for plate widths over 24 Inches
PART NO. | PRINT NO.| Control Number Melter QTY/CAR| MATERIAL :E;f;ag'
3-120 D-1114-8 4 A-514 GR B
3-120 D-1114-8 4 A514GR B
3-120 D-1114-8 4 A-514 GR B
3120 | D-1114-8 4 A-514 GR B
3-18 D-1114-11 . 2 A-572 GRAO
3-19 D-1114-11 i A-572 GR50
3-20  { D-1114-11 2 A-572 GRE0D
3-20 D-1114-11 2 A-572 GR50
322 |D-114-11] 2 A-572 GR50
322 | D-1114-11 2 A-572 GR50 -
3-24 D-1114-11 4 A-572 GR50
3-24 D-1114-11 4 A-572 GR50
3-24 D-1114-11 4 A-572 GR50
324 | D-1114-11 4 A-572 GR5D
3-33 D-1114-11 14 A-572 GR50
333 | D-i114-11] 14 A-572 GR50
3-33 D-1114-11 14 A-572 GRE0
3-33 D-1114-11 14 A-572 GR50
3-33 D-1114-11 14 A«572 GR50
3-33 | D-1114-11 14 A-572 GR50
3-33 D-1114-11 14 A-672 GR50 ~
3-33 D-1114-11 14 A-572 GR50
3-33 D-1114-11 14 A-572 GRED
3-33 D-1114-11 14 A-572 GR5D
3-33 D-1114-11 14 A-B72 GRE0
3-33 D-1114-11 14 A-572 GR50 ~
333 | D-1114-11 14 A-572 GR50 N
333 | D-1114-11 14 A-572 GR50 -
3-76 D-1114-11 2 A-572 GR50
376 | D-1114-11 2 A572 GREO_
(3407 | D-1114-11 2 A-572 GR50
3-107 | D-1114-11 2 A-572 GRS50
Note: The recording of false, fictitious or fraudulent statements or entrieson this document may be punishable as a felony untler Federal
statutes.
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CAR BODY - HEAT IDENTIFCATION
FORM 44B - 3/12/2010

r
DATE : BODY NUMBER:
“O THE BEST OF MY KNOWLEDGE ALL INFORMATION CONTAINED IS ACCURATE
SIGNED: KASGRO RAIL
* Use of ASTM 572 grade 50 material I3 acceptable fqr grade 60 mat'l provided the mechanlcal propertles for grade 60 materal are sallsified
Charpy impact testing, when required, will be In accordance with ASTM AB73, The minimum average absorbed energy shall be 20 ft-lbs
at zero degress F. Tranverse impact test is required for plate widths over 24 Inches
PART NO. | PRINT NO. | Control Number Melter QTYICAR| MATERIAL :fflf:fg'
3100 | D141 2 A-572 GR50
3-109 D-1114-11 2 A-572 GR50
3-29 D-1114-14 2 A-572 GR50
3-29 D-1114-14 2 A-572 GR50
3-30 D-1114-14 2 A-572 GR50
3-30 D-1114-14 2 A-572 GR50
3-38 D-1114-16 4 A-36
3-38 D-1114-16 4 A-36
3-38 D-1114-16 4 A-36
3-38 D-1114-16 4 A-36
3-39 D-1114-17 4 A-572 GR50
3-38 D-1114-17 4 A-572 GR50
3-39 D-1114-17 4 A-572 GR50
3-39 . | D-1114-17 4 A-572 GR50
3-40 D-1114-17 2 A-572 GR50
3-40 D-1114-17 2 A-572 GR50
3-41 D-1114-17 4 A-572 GR50
3-41 D-1114-17 4 A-572 GR50
3-41 D-1114-17 4 A-572 GR50
3-41 D-1114-17 4 A-572 GR50
3-42 D-1114-17 2 A-572 GR50
3-42 D-1114-17 2 A-572 GR50
3-75 D-1114-17 2 A-500 B
3-75 D-1114-17 2 A-500 B
3-150 D-1114-17 2 A-572 GR50
3-150 D-1114-17 2 A-572 GR50
3-151 D-1114-17 2 A-572 GR50
3-151 | D-1114-17 2 A-572 GR50
3-153 | D-1114-17 2 A-572 GR50
3-153 D-1114-17 2 A-572 GR50
3-154 D-1114-17 2 A-672 GR50
{ 3-154 D-1114-17 2 A-B72GRBO | |
‘Note: The recording of false, fictitious or fraudulent statements-or entries on this document may-be punishable as a.felony under Federal
statutes.
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CAR BODY - HEAT IDENTIFCATION

FORM 44B - 3/12/2010

IDATE :

BODY NUMBER:

"0 THE BEST OF MY KNOWLEDGE ALL INFORMATION CONTAINED IS ACCURATE

SIGNED: KASGRO RAIL
* Use of ASTM 572 grade 50 material is accaptable for grade 60 mat'l provided the mechanical properties for grade 60 material are satisifled
Charpy impact testing, when required, will be in accordance with ASTM AB73. The minimum averags absorbed ensrgy shall ba 20 ft-lbs
at zero deqgreas F. Tranversa Impact test Is required for plate widths over 24 inches
PART NO. | PRINT NO.| Control Number Melter QTY/CAR| MATERIAL :sftffg'
3-45 D-1114-18 4 A-572 GR50
3-45 D-1114-18 4 A-572 GR50
3-45 D-1114-18 4 A-572 GR50
3-45 D-1114-18 4 A-572 GR50
3-70 D-1114-18 4 A-572 GR50
3-70 D-1114-18 4 A-572 GR50
3-70 D-1114-18 4 A-572 GR50
3-70 D-1114-18 4 A-572 GR50
3-71 D-1114-18 4 A-572 GR50
3-71 D-1114-18 4 A-572 GR50
3-71 D-1114-18 4 A-572 GR50
3-71 D-1114-18 4 A-572 GR50
3-72 D-1114-18 4 A-572 GR50
3-72 D-1114-18 4 A-572 GR50
3-72 D-1114-18 4 A-572 GR50D
3-72 D-1114-18 4 A-572 GR50
3-74 D-1114-18 7 A-572 GR50
3-74 D-1114-18 7 A-572 GR50
3-74 D-1114-18 7 A-572 GR50
3-74 D-1114-18 7 A-572 GR50
3-74 D-1114-18 7 A-572 GR50
3-74 D-1114-18 7 A-572 GR50
3-74 D-1114-18 7 A-572 GR50
3-21 D-1114-25 4 A-656 GR80 |charpy
3-21 D-1114-25 4 A-656 GRBO  |charpy
3-21 D-1114-25 4 A-656 GRBO |[charpy
321 | D-1114-25 4 A-656 GRBO |charpy
3-67 D-1114-25 2 A-572 GR50
3-67 D-1114-25 2 A-572 GR50
3-68 D-1114-25 2 A-572 GR50
3-88 D-1114-25 2 A-572 GR50
. 3-89 D-1114-25 2 A-572 GR50

Note: The.recording of false, fictitious or fraudulent statements or entries on this-document may be punishable as a felony under Federal

statutes.
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CAR BODY - HEAT IDENTIFCATION
FORM 44B - 3/12/2010

IDATE : BODY NUMBER:

"0 THE BEST OF MY KNOWLEDGE ALL INFORMATION CONTAINED IS ACCURATE
SIGNED: KASGRO RAIL

* Use of ASTM 572 grade 50 material Is acceptable for grade 60 mat! provided the mechanical properties for grade 60 material ara satisifisd

Charpy Impact testing, when required, will be In accordanca with ASTM AB73. The minimum average absorbed energy shall be 20 fi-lbs

at zero degrees F. Tranverse impact test Is required for plate widths over 24 fnches

PART NO. | PRINT NO.| Control Number Melter QTY/CAR| MATERIAL :;’:;;;

360 | D-1114-25 B T 2 | A-572GR50
3-131 D-1114-37 2 A-572 GR50
3-131 D-1114-37 2 A-572 GR50
3-133 D-1114-37 2 A-572 GR50
3-133 D-1114-37 2 A-572 GR50
3-134 D-1114-37 2 A-572 GR50
3-134 D-1114-37 2 A-572 GR50
3-136 D-1114-37 1 A-572 GR50
3-138 D-1114-37 4 A-572 GR50
3-138 D-1114-37 4 A-572 GR50
3-138 D-1114-37 4 A-572 GR50
3-138 D-1114-37 4 A-572 GR50
3-141 D-1114-37 2 A-572 GR50
3-141 D-1114-37 2 A-572 GR50
3-119 D-1114-38 4 A-572 GR50 |charpy
3-119 D-1114-38 4 A-572 GR50  {charpy
3-119 D-1114-38 4 - A-572 GR50  {charpy
3-119 D-1114-38 4 A-572 GR50 |charpy
3-135 D-1114-38 2 A-572 GR50
3-135 D-1114-38 2 A-572 GRbO
3-137 D-1114-38 2 A-572 GR50 |charpy
3-137 D-1114-38 2 A-572 GR50 |charpy
3-143 D-1114-41 1 A-572 GR50
3-144 D-1114-41 2 A-572 GRE0
3-144 D-1114-41 2 A-572 GR50
3-145 D-1114-41 2 A-572 GR50
3-145 D-1114-41 2 A-572 GR50 |

Note: The recording of false, fictitious or fraudulent statements or entries on thls document may be punishable as a felony under Federal

statutes.
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" CAR BODY - HEAT IDENTIFCATION
FORM 44B - 3/12/2010

IDATE : Bolster Number:
TO THE BEST OF MY KNOWLEDGE ALL INFORMATION CONTAINED 1S ACCURATE
SIGNED: KASGRO RAIL
PART NO. | PRINT NO.| HEAT NUMBER | MELTER | @TY| wmATERIAL [P
CAR testing
3-10 D-1114-08 1 A-572-50 NO
3-12 D-1114-08 2 A-572-50 NO
3-12 P-1114-08 2 A-572-50 NO
3-13 D-1114-08 2 A-572-50 NO
3-13 D-1114-08 2 A-572-50 NO
314 |D-1114-08 2 A-572-50 NO
314 |D-1114-08 2 A-572-50 NO
CAR BODY - HEAT IDENTIFCATION
FORM 448B - 3/12/2010
DATE : Bolster Number:
TO THE BEST OF MY KNOWLEDGE ALL INFORMATION CONTAINED IS ACCURATE
SIGNED: KASGRO RAIL

' QTY/ special
PART NO. | PRINT NO.| HEAT NUMBER | MELTER | o,o| MATERIAL | 0
3-10 D-1114-08 1 A-572-50 NO
3-12 D-1114-08 2 A-572-50 NO
3-12 D-1114-08 2 A-572-50 NO
3-13 D-1114-08 2 A-572-50 NO
3-13 D-1114-08 2 + A-572-50 NO
3-14 D-1114-08 2 A-572-50 NO
3-14 D-1114-08 2 A-572-50 NO
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Appendix H-4.5

Form 5-12-B, Rev 2

Kasgro Rail New Car Inspection Form

Page 1of8

KASGRO RAIL CORP

FORM 5-12-B

NEW CAR INSPECTION

Rev 2 Date: 12/07/16
Car Number Job Number
Wheel / Axle
Part Number -
Wheel pressure Bearing pressure
on file on file
MANUIMOD/C/IDAISR# Axle MANU/MOD/C/IDA/SR#
Left Right
1
2
3
,, 4
5
6
7
8
9
i0
i
12
HANDBRAKE - Mode! No.
DRAFT SYSTEM
Part Number
A End
B End
TRUCKS
Part Number
No. Left side frame (buitons) Bolster Right side frame (buttons)
1
2
3
4
5
<]

Span Bolster Part Number

INSPECTOR:

DATE:

Note: The recording of false, fictitious, or fraudulent slatements on this document may be punishable as a felony

under federal statues
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Page 2 of 6
KASGRO RAIL CORP
FORM 5-12-B
NEW CAR INSPECTION
Rev 2 Date: 12/07/16

Car Number Job Number

SPRINGS - PATTERN /TYER
Outer Coil

Inner Coll

Inner Inner Coil

STABILITY DEVICE (if used) [Model Number

GLEARANCE OF SAFETY APPLIANCES -2" Minimum - 1/2" Perferred [ |

AIR BRAKES

Brake Valve

EP 60 Serial# A-End
EP 60 Serial# B-End

SLACK ADJUSTER

Model Number

BERAKE CYLINDER - TRUCK MOUNTED

Travel No. 1 Cylinder Part #
Travel No. 2 Cylinder Part #
Travel No. 3 Cylinder Part #
Travel No. 4 Cylinder Part #
Travel No. 5 Cylinder Part #
Trave! No. 6 Cylinder Part #

Brake Pins & Cotter Keys

Brake Rigging Free & Clear
Brake Shoe 1 127 - 2"

CENTER WEAR PLATE LINERS
No. 1 ’

No. 2

No. 3

No. 4

No. 5

No.6

| INSPECTOR: Date:
Note: The recording of false, fictitious, or fraudulent statements on this document may be punishable as a felor
under federal statues
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Page 3 0f 6

KASGRO RAIL CORP
FORM 5-12-B

Rev 2

Car Number

NEW CAR INSPECTION

SIDE BEARING CLEARANCE

Date: 12/07/16

Job Humher

BR BL
CR [

DR DL

Span BR 1/8 -3/16"_ |Span BL 1/8 - 318"
ER EL

FR FL

AR AL

Span AR 1/8-3/16"  |Span AL 1/8- 318"
UNDER CAR CLEARANGE - 2 34" Minimum [ ]

DIMEMSIONS

Maximum Width

Working Deck

Length

At "A" End Right Side

At "A" End Left Side

At Center Right Side

At Center Left Side

At "B" End Right Side

At "B" End Left Side

TESTING

Single Car Test

Golden Shose Test

Brake Pipe Resfriction Test

Truck Curve Test

Slack Adjuster Test

Load Test

Couplers

Type

Height

A-End

B-End

INSPECTOR:

Date:

Note: The recording of false, fictitious, or fraudulent statements on this document may be punishable as a felony

under federal statues
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Page 4 of 6
KASGRO RAIL CORP
FORM 5-12-B
NEW CAR INSPECTION

Rev 2 Date: 12/07/16
LOCKNUT SECURED AGAINST CONTROL ARM NUT ON SLACK ADJUSTER TRIGGER
TRUCK LOCATION ' INSPECTOR DATE
B YES NO
Cc YES NO_
D YES NO
E YES NO
F YES NO
A YES NO
CROSS KEY RETAINER BOLT TORQUED TO 25 FOOT LBS.  INSPECTOR DATE
A YES NO
B YES NOC
3 TABS BENT OVER FLAT AGAINST BOLT HEAD INSPECTOR DATE
A YES NO
B YES NO
CHECK AND RECORD LOCKING CENTER PIN TRAVEL
TRUCK LOCATION INSPECTOR DATE

A-OUTBOARD

A-INBOARD

B-OUTBOARD

B-INBOARD
GENTER PIN AT CAR BODY INSPECTOR DATE
A
B

CHECK AND RECORD LT. WT. STENCILED ON RAILCAR. MAKE SURE IT MATCHES LIGHTWEIGHT ON FORM 46

L INSPECTOR DATE

R INSPECTOR DATE

CHECK RAILCAR FORGJACKING PADS 4 PCS.3-42 2PCS. 3-109

INSPECTOR DATE

Note: The recording of false, fictitious, or fraudulent statements on this document may be punishable as a felony
under federat statues
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Page 5 0f 6
KASGRO RAIL CORP
FORM 5-12-B
NEW CAR INSPECTION
Rev 2 Date: 12/07/16

MIDDLE TRUCK COVER PLATES LOCATED IN THE GORRECT POSITION-BOLTS SHOULD BE TOWARD

THE OUTBOARD END OF CAR
INSPECTOR DATE
A YES NO
B YES NO
TRUCK BOWLS LUBRICATED INSPECTOR DATE
B YES NO
c YES NO
D YES NO
E YES NO )
F YES NO
A YEsT No
SPAN BOLSTER BOWLS LUBRICATED
INSPECTOR DATE
A YES NO
B YES NO

PROTECTING COVERS INSTALLED CVER ECP PIGTAIL CONNECTION PINS

INSPECTOR DATE
A YES NO
B YES NO

COMPLETE AND PROPER MARKING APPLIED TO RAILCAR AND END PLATFORMS PER
STENCIL DRAWING E-1114-3 REV. |

INSPECTOR DATE

AFTER ALL AIRBRAKE TESTING S DONE FINAL INSPECTION OF ALL SPRING SETS WHEN RAILCARS
ARE FULLY ASSEMBLED, AND WITH THE RAILCAR JACKED TO REMOVE THE WEIGHT OF THE
CARBODY FROM THE SPAN BOLSTER/TRUCK ASSEMBLIES

INSPECTOR DATE

Note: The recording of false, fictitious, or fraudulent statements on this document may be punishable as a felony
1 under federal statues
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Page 6 of 6
KASGRO RAIL CORP
FORM 5-12-B
NEW CAR INSPECTION
Rev 2 Date: 12/07M16

CHECK SHEVE WHEEL CARRIER ASSEMBLY GAP ON SLIDING SHEVE WHEEL ASSEMBLY
TO SPAN BOLSTER
GAP SET TO 1/8" TO -1/16" BL AND AR

PROPER INSTALLATION OF GCSB WEAR PLATES

Truck Location Truck Location
BR YES__ NO__ BL YES_ NO_
CR YES _ NO__ CL YES__ NO__
DR YES__ NO__ DL YES _ NO__
ER YES__ NO__ EL YES _ NO__
FR YES_ NO__ FL YES_ NO__
AR YES_ NO__ AL YES__ NO__
INSPECTOR DATE

Note: The recording of false, fictitious, or fraudulent statements on this decument may be punishable
as a felony under federal statutes
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Appendix H-4.6 ~ Kasgro Rail Certificate of Order Conformance Example

Kasgro Rail Corporation
121 Rundle Rd. » New Castle, PA 16102
724-658-9061 » 724-658-7639 Fax » www.kasgro.com

) ) KASGRO

CERTIFICATE OF ORDER CONFORMANCE

Date: January 24, 2017

SUPPLIER:

Kasgro Rail Corp
121 Rundle Rd

New Castle PA 16102

Rail Car Number _

BPMI STANDARD INDENTIFIER NUMBER: [ IEGzG

WE HEARBY CERTIFY THAT WE HAVE COMPLIED WITH AAR REQUIREMENTS
AND ALL THE REQUIREMENTS OF YOUR PURCHASE ORDER NO. K104609 THRU

AMENDMENT NO. 12

TITLE

NOTE: The Recording of False, Fictitious or Fraudulent Statements or Entries on
the Document may be Punishable as Felony Under Federal Statutes.

Specialty Rail Car Solutions
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APPENDIX H-5
BUFFER RAILCAR FABRICATION TRAVELERS
KASGRO SPECIALTY RAILCAR SOLUTIONS, FORM 84, FLAT CAR ASSEMBLY FORM
QA FORM 84, REV APRIL 11, 2017
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Kasgro Specialty Railcar Solutions
Form 84

Flat Car Assembly

Quality Assurance
Car Body Bolster Reporting Form
Fit and Weld Car Body Bolster

Car #:

Inspect fit-up:

Weld

Inspect all welds:

Welders Clock #

All repairs to be made and forms completed before moving assembly

Group leader or foreman’s Signature:
Date

Inspector’s signature: Date

Form #84 April 11, 2017
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Kasgro Specialty Railcar Solutions
Form 84

Flat Car Assembly

Quality Assurance
Railcar Car Body Reporting Form

Fit — Side sills, Center sill, Center plates, End sills, Body bolsters and Cross bearers to railcar
deck plate

Check fit-up for proper application to drawings

Weld

Inspect all welds:

Welders Clock #

All repairs to be made and forms completed before moving assembly

Group leader or foreman’s signature: Date
Inspector’s signature: Date
2
Form #84 April 11, 2017
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Kasgro Specialty Railcar Solutions
Form 84

Flat Car Assembly

Quality Assurance
Railcar Reporting Form

Fit — Bottom Cover Plate and Side Sill Gussets

Check fit-up for proper application to drawings

Weld

Inspect all welds:

Welders Clock #

All repairs to be made and forms completed before moving assembly

Group leader or foreman’s signature: Date
Inspector’s signature: Date
3
Form #84 April 11, 2017
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Kasgro Specialty Railcar Solutions
Form 84

Flat Car Assembly

Quality Assurance
Reporting form

Position #7
Apply Airbrake, Piping
Inspection

Inspect all parts/sub-assemblies for proper application to drawings

Inspect all welds and fastenings:

Welders Clock #

All repairs to be made and forms completed before moving assembly

Group leader or foreman’s signature: Date
Inspector’s signature: Date
4
Form #84 April 11, 2017
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APPENDIX H-6 ‘

BUFFER RAILCAR OPERATION AND
MAINTENANCE INFORMATION

(SEE ENCLOSED APPENDIX H-6 DOCUMENT) |
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APPENDIX H-7
AAR EEC SUBMITTAL

FOR BUFFER RAILCAR
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S$-2043 CERTIFICATION:
PRELIMINARY SIMULATIONS
OF KASGRO BUFFER RAILCAR

REPORT P-17-023

for Kasgro Rail Corporation

Revised November 20, 2017
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$-2043 CERTIFICATION:
PRELIMINARY SIMULATIONS OF
KASGRO BUFFER RAILCAR

P-17-023

for Kasgro Rail Corporation

Prepared by
Russell Walker
Shawn Trevithick

Transportation Technology Center, Inc.
A subsidiary of the Association of American Railroads
Pueblo, Colorado USA

Revised November 20, 2017
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Disclaimer: This report was prepared for Kasgro Rail Corporation by Transportation Technology Center, Inc. (TTCI),
a subsidiary of the Association of American Railroads, Pueblo, Colorado. It is based on investigations and tests
conducted by TTCI with the direct participation of Kasgro Rail Corporation to criteria approved by them. The contents
of this report imply no endorsements whatsoever by TTCI of products, services or procedures, nor are they intended
to suggest the applicability of the test results under circumstances other than those described in this report. TTCI is not
a source of information with respect to these tests, nor is it a source of copies of this report. TTCI makes no
representations or warranties, either expressed or implied, with respect to this report or its contents, TTCI assumes no
liability to anyone for special, collateral, exemplary, indirect, incidental, consequential, or any other kind of damages
resulting from the use or application of this report or its contents.
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EXECUTIVE SUMMARY

Kasgro Rail Corporation (Kasgro) contracted with Transportation Technology Center, Inc.
(TTCI) to perform vehicle dynamics modeling of their buffer railcar design according to the
Association of American Railroads (AAR) Manual of Standards and Recommended Practices
(MSRP) Standard S-2043, (S-2043) “Performance Specification for Trains Used to Carry High-
Level Radioactive Material (HLRM).”! Kasgro designed the buffer railcar as part of a project
with AREVA Federal Services LLC (AFS). The United States Department of Energy contracted
with AFS to design the ATLAS cask car and buffer railcars for transportation of high level
radioactive material.

The bufter railcar met S-2043 criteria for all S-2043 regimes except the truck side L/'V
criterion in buff and draft curving. The cases that did not meet were 250,000 pound draft load
cases when the car was coupled between two base cars, or when coupled between the Atlas Cask
car and the Rail Escort Vehicle (REV) and traveling at 15 mph. The truck side L/V ratio for both
of these cases was 0.51. The S-2043 criterion for truck side L/V ratio is 0.50 and the
corresponding AAR Chapter 11 criterion is 0.60. 2

The four-axle car was fitted with Swing Motion® trucks. The secondary suspension uses six
D7 outer springs, six D7 inner springs, two 49427-1 outer side coils, and two 49427-2 inner side
coils. Primary suspension pads connect the side frames to the axles and allow the truck to steer in
curves. Four vertical hydraulic dampers control the motions of the railcar. Increased lateral
secondary suspension clearance (0.75 inch) and increased clearance between the transom rocker
plate and side frame (0.37 inch) improve performance in the hunting analysis regime. The car is
66 feet 4 5/8 inches over pulling faces and has a truck center spacing of 44 feet 6 inches. The
side bearings are long travel constant contact with a nominal preload of 8,000 pounds. The car
was designed to use the AAR-1B narrow flange wheel profile.

The following three tables summarize simulation predictions for the buffer railcar in S-
2043 preliminary analysis regimes. All of the cases shown in the tables that did not meet S-2043
criteria did meet the corresponding AAR Chapter 11 criteria.

1 Association of American Railroads. Last Revised: 2009. Manuaf of Standards and Recommended Practices. Section
C, Car Construction Fundamentals and Details. Standard S-2043 “Performance Specification for Trains Used to
Carry High-level Radioactive Material.” Washington, DC.

2 Association of American Railroads. 2011. Manual of Standards and Recommended Practices. Section C- Part |l,
Design, Fabrication, and Construction of Freight Cars, Standard M-1001, Chapter 11 “Service-worthiness Tests and
Analyses for New Freight Cars.” Washington, DC.
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Summary Table (1/3)

$
0
Description P:_':Ma Subsection T |3 Worst Example that
graph = = does not Meet
8
Truck Twist Equalization 421 X
Carbody Twist 422 X
Equalization
Static Curve Stability 423 Base Car X
Like Car X
Long Car X
Cask Car X
Long-Short Car X
Combination
Curve Negotiation 424 Uncoupled 125- X
foot radius curve
Coupled 250- X
foot radius curve
No. 7 crossover X
Twist and Roll 4396 39-foot inputs X
44-ft 6-in X
Pitch and Bounce 4397 39-foot inputs X
44-ft 8-in inputs X
Yaw and Sway 4398 39-foot inputs X
44-ft 6-in inputs X
Dynamic Curving 4399 39-foot inputs X
44-ft 6-in inputs X
Single Bump 43101 X
Curving with Single Rail 4.3.10.2 1-inch bump X
Perturbation 2-inch bump X
3-inch bump X
1-inch dip X
2-inch dip X
3-inch dip X
Hunting 43113 X
Constant Curving 4311.4 X
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Summary Table (2/3)

Description

$-2043

Subsection
Paragraph

Meets

Does Not Meet

Worst Exam ple that Does
not Meet

Curving with Various Lubrication
Conditions

43115 Case 1 New

Case 2 New

Case 3 New

Case 4 New

Case 1 Worn

Case 2 Worn

Case 3 Worn

Case 4 Worn

Limiting Spiral Negotiation

4311.6 Entry A-End

Exit A-End

Entry B-End

Exit B-End

Turnouts and Crossovers

4.311.7 RH Turnout

LH Turnout

Crossover

Ride Quality

4312 Class 2

Class 3

Class 4

Class 5

Class 6

Buff and Draft Curving

4313 Base-Buff

Long-Buff

Like-Buff

Cask Car-Buff

Cask Car-REV
Buff

XX XL X[ R| X[ ]| || XXX X | XX X)X x| X[ X =X

4 Axle Loco-
Cask Car Buff

>

6 Axle Loco-
Cask Car Buff

=

Base-Draft

Truck Side L/V 0.51,
Limit=0.50

Long-Draft

Like-Draft

x| =

Cask Car-Draft

Cask Car-REV
Draft

Truck Side L/V 0.51,
Limit=0.50

4 Axle Loco-
Cask Car Buff

6 Axle Loco-
Cask Car Buff

Braking Effects on Steering

431
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Summary Table (3/3)

Description

$-2043
Paragraph

Subsection

Meets

Does Not Meet

Worst Example that
Does Not Meet

Worn Component Simulations

4.3.15

Constant Contact Side
Bearings

4.3.15

Constant Curving

Dynamic Curving

Hunting

Twist and Roll

Center Plates

4.3.15

Constant Curving

Dynamic Curving

Hunting

Primary Pad

4.3.15

Constant Curving —
Soft

XX X| X)X | X[ X[ X

Dynamic Curving —
Soft

=

Hunting — Soft

=

Constant Curving —
Stiff

=

Dynamic Curving —
Stiff

~

Hunting — Stiff

Friction Wedges

4.3.15

Dynamic Curving

Pitch and Bounce

Twist and Roll

Broken Springs

4.3.15

Dynamic Curving

Pitch and Bounce

Twist and Roll

Vertical Damper

4.3.15

Dynamic Curving

Pitch and Bounce

Twist and Roll

X| XX X X XX X[ X[ X
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10
2.0
3.0

4.0

5.0

6.0

7.0 Observations and Conclusions
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1.0 INTRODUCTION

Kasgro Rail Corporation (Kasgro) contracted with Transportation Technology Center, Inc.
(TTCI) to perform vehicle dynamics modeling of their buffer railcar design according to the
Association of American Railroads (AAR) Manual of Standards and Recommended Practices
(MSRP) Standard S-2043, “Performance Specification for Trains Used to Carry High-Level
Radioactive Material (HLRM).” Kasgro designed the buffer railcar as part of a project with
AREVA Federal Services LL.C (AFS). The United States Department of Energy contracted with
AFS to design the ATLAS cask car and buffer railcars for transportation of HLRM.

2.0 OBJECTIVE

The objective of this work is to estimate the performance of the buffer railcar in analysis regimes
specified in Standard S-2043.

3.0 PROCEDURES

3.1 Car Description

Figure 1 shows an image of the buffer railcar. Figure 2 shows a wireframe model of the
NUCARS® system file.

1 66°-4 5/8°0VER PULLING FaCES

L &1'-8 S/8° OVER STRIKERS

‘ | 60°-0" DECK ] |

|
S
N j<_'<.'l - i
- - .J 44'-6" OVER TRUCK CENTERS
= — L
: 286,000 LBS.
( WEIGHT ¢ESTx 67,000 LBS.
LOAD LIMIT (ESTX
DECK WIDTH: 0 =% .
SPRING TRAVEL: SPECIAL RAIL KASGRO CORP
DRAFT CEAR: 159° CUSH. S E_CHRRRY 5T__WEW CASTIE TA
s s i s e WHEEL DIAMETER: 36" 100 TON FLAT BUFFER CaR
YUSOLL ICELEG WY O TR TESTRG M3 BN JOURNAL SIZE: 6 1/2 x 3
Er 310" Tee o0 715
DECK HT F-10 ] 1155-1003
PP

Figure 1. Buffer Railcar

3 NUCARS® is a registered trademark of Transportation Technology Center, Inc.
1
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Figure 2. Top, Side, End, and ISO Views of the Wireframe Buffer Railcar Mo del

Table 1 shows the geometric properties of the railear. Initial modeling showed that the empty
buffer railcar (at a gross weight of 67,000 pounds) had high truck side L/V ratios in the buff and
draft curving regime. To alleviate this, additional weight was added in the model. The model met
buff and draft curving requirements at a gross rail load of 263,000 pounds. This required a ballast
weight of 196,000 pounds, which would be permanently added to the railcar as steel plates, see
Figure 3. Table 2 shows the mass properties of the buffer car. The empty car munbers are based
on the data Kasgro provided for the carbody from the ANSYS® structural analysis model. They
reflect an additional 3,000 pounds of weight and translation of the moments of inertia from their
original location to the carbody center of gravity.

Table 1. Geom etric Param eters

Parameter Dimensions
Length aver Pulling Faces (in Draft) 796 625 inches
Truck Center Spacing 534 inches
Axle Spacing 72inches
Coupler Length (Pin to coupling ling) | 43 inches
Cushion Unit Travel 15 inches
2
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Figure 3. Drawing Showing the Type and Placement
of Load Permanently Attached to the CarDeck

Table 2. Mass Parameters

Parameter Value for Value for the
Empty Car Ballasted Car

Longitudinal CG offset 0inch 0inch
Lateral CG offset 0inch 0inch
Vertical CG from top of rail 33.28 inches 44 73 inches
Carbody Weight 45088 pounds 241,001 pounds
Mass 116.78 Ib-=2fin 524 21 Ib-s%in
lzx (about the CG) 109,186 Ib-s2fin BBE 481 lh-s%in
Iyy (about the CG) 4 806 BRS Ih-s%in 24,030,830 Ib-s%in
1zz {about the CG) 4 895 437 Ib-s%in 24 B32 397 |b-=2in

The caris symmetrical. Simulations of the car were done in one orientation only.

The carbody and ballast load were modeled as one single body because the load is
permanently attached to the car. The first mode of torsion, vertical, and lateral bending are
modeled on the carbody. Bending properties were provided by Kasgro from finite element

analysis (FEA) of the empty car body with known loads applied. FEA-predicted displacements
were matched in NUCARS® using the same loads and restraints by adjusting the flexible body
input parameters. In practice, the stiffness of the ballast load may affect the stiffness of the car.
Care should be taken during single car tests to check this effect.

3.2  Truck Description

Kasgro plans to use Amsted 100-ton Swing Motion® trucks equipped with hydraulic vertical
dampers in the buffer railcar. The truck model, including the geometry, mass properties, and
pad stiffness values, is based on the model TTCT created of the Kasgro M290 12-axle HLRM
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railcar. The 12-axle railcar model predictions were compared to test results to develop
confidence in the model inputs (TTCI proprietary report number P-10-044). This section
contains a brief description of the trucks.

Table 3 shows the weight of the truck components in the NUCARS® model. The weights of
smaller components like the rocker seats and the bearing adapters are not included in the model
individually, but are lumped together with the side frames, bolster, and transom.

Table 3. Weights of Truck Components.

Truck Component Modeled Weight
Two side frames 2,831 pounds
Bolster 1,750 pounds
Transom 539 pounds
Total Truck Weight including hardware and springs 5,120 pounds

Except for the transom, all of the bodies that make up the truck are modeled as rigid. The
first torsional mode along the y-axis is modeled for the transom in order to more correctly predict
the truck twist equalization performance.

Table 4 shows the truck configuration modeled.

Table 4. Truck Configuration

Part

Description

Secondary Suspension

Six D7 Quter Coils, Six D7 Inner Coils, Two 49427-1, Two 49427-2

Primary suspension

Adapter Plus Pads, ASF part number 10522A

Side bearings

Miner TCC-Ill 80LT

Friction wedge

Amsted part number 1-9249

Bearings and adapters

K class 61/2x9 bearings with 6 1/2x9 special adapter
ASF part number 10532A

Center bowl liner

Metal horizental liner

Vertical Hydraulic
Dampers

Koni 04 Series using damping rate shown in Figure 4

Table 5 shows the primary suspension characteristics as modeled for the buffer railcar.

Table 5. Primary Suspension

Part Description

Longitudinal Stiffness 22,500 Ibs.fin.

Longitudinal Clearance 0.625 inch

Lateral Stiffness 48,000 Ibs.fin.
Lateral Clearance 0.25 inch
Vertical Stiffness 500,000 Ibs.fin.

The friction wedges used in this truck have a 45-degree wedge angle, a composition vertical

face, and a steel slope face.
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The trucks are designed to use vertical hydraulic dampers. The damping characteristics used
for the simulations are for a Koni 04 series damper using the damping rate shown in Figure 4.

30,000

—

20,000

10,000

Force {N

0
0 0.1 0.2 0.3 04 0.5

Velocity (m/s)

——Modeled Damping Force

—Maximum for 04 series damper

Figure 4. Damping Rate Modeled for the Buffer Railcar

3.3 Track Geometry Input Data

The regimes of twist and roll, pitch and bounce, yvaw and sway, and dynamic curving were
modeled using measured track geometry of the actual test zones at the Transportation
Technology Center (TTC) in Pueblo, Colorado. TTCI™s experience has shown that simulations
using measured track geometry as inputs generally produce more realistic results than
simulations using mathematically generated inputs. In this section, measured track geometry
inputs are compared to the track geometry standards listed in AAR MSRP Section C-1II, Standard
M-1001 Chapter 11, paragraph 11.5.2.5 for twist and roll, pitch and bounce, yaw and sway, and
dynamic curving. Each relevant geometry measurement is shown on the plot and the tolerances
specified in Chapter 11 table 11.2 are shown in red.

The wavelength of the inputs for each of the actual test zones at TTC is 39 feet. The inputs
were scaled to perform additional simmilations with wavelength equal to the buffer car’s truck
center spacing of 44.5 feet.

The twist and roll regime consists of a series of 10 3/4-inch vertical track deviations offset on
each rail to input roll motions to the car. Figure 5 shows the cross level and gage measurements
from the inputs used for the twist and roll simulations. The cross level and gage measurements
are within tolerances.
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Figure 5. Twist and Roll Track Geometry Measurements and Tolerances

The pitch and bounce regime consists of a series of 10 3/4-inch vertical track deviations on each
rail to input vertical motions to the car. Figure 6 shows profile, cross level and gage
measurements from the inputs used for pitch and bounce simulations. One-half inch was added
to the profile measurement so the bottom of the perturbations were about zero and the peak
amplitude tolerance of 0.75-inch +0.125 inch could be easily marked on the plot. The actual
shape of the profile of the track at the ends of the zone is somewhat distorted by the
measurement system filters. The cross level is slightly higher than the tolerance about 50 feet
beyond the end of the zone, but is otherwise within tolerance. The gage is within tolerance.

Profile (inch)
100 - r Y Y . Y ra r L
029 WV\/\/V@\/\/\/V\/
-0.50
Crosslevel (inch)
0.25
0.00  Acnar PN A I oot s AAAN LA red M NP PN\ i [N
-0.25
Gage (inch)
0.30
0.00 %WMW
-0.30
300 400 500 600 700 800 900
Distance (ft)

Figure 6. Pitch and Bounce Track Geometry Measurements and Tolerances

Page H.7-18 February 2, 2018



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

The dynamic curve section is on a 10-degree curve with 4 inches superelevation. The
dynamic curving regime consists of a series of 0.5-inch vertical track deviations offset on each
rail to input roll motions to the car. At the same time, the gage of the track changes from 56.5
inches to 57.5 inches to input lateral motions to the car. Figure 7 shows the gage, cross level, and
superelevation measuraments and tolerances for the inputs used for dynamic curving simulations.
The gage and cross level are within the tolerance. The superelevationis consistently higher than
the tolerance through most of the test zone. The effect of this will be to make the simulation

regime more severe for the lower spead condition.

Gage (inch)

SoopR
L8888

Crosslevel (inch)

0.75
0.00
-0.75

Superelevation (inch)

4.50
4.00
3.50

1500 1550 1600 1650 1700 1750 1800

Distance (ft)

Figure 7. Dynamic Curving Track Geometry Measurements and Tolerances

The yvaw and sway regime consists of a series of 1.25-inch lateral track deviations on a
section with 1-inch wide gage to input lateral and yaw motions to the car. Figure 8 shows the
gage, cross level, and alignment measurements and tolerance for the inputs used for yaw and
sway simulations. The gage varies more than the tolerance allows, dropping below 0.875 and
rising higher than 1.125 in a few locations. The cross level is within tolerance. The alignment has
one perturbation at the beginning of the zone with amplitude slightly higher than the tolerance.
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Figure 8. Yaw and Sway Track Geometry Measurements and Tolerances

4.0 NONSTRUCTURAL STATIC ANALYSIS RESULTS

Nonstructural static analysis simmulations were conducted according to Paragraph 4.2 of Standard
$-2043. The nonstructural static analysis regimes are designed to demonstrate truck and car
performance under static conditions of track twist or curve negotiation. In each of the following
sections the regime is briefly described and data relevant to the criterion is presented.

41  Truck Twist Equalization {S-2043, Paragraph 4.2.1)

S-2043 requires the truck twist equalization regime to verify the design has adequate truck load
equalization performance. Truck load equalization performance is the ability of a truck to
distribute vertical load to all the wheels in a truck when negotiating a short wavelength track
twist deviation. The analysis is performed by simulating raising and lowering one wheel in a
truck from 0 to 3 inches in 0.5-inch increments. This analysis was performed for each wheel in
the car. The requirement is that all wheel loads must remain above 60 percent of the nominal
static wheel load when displaced 2 inches, and above 40 percent of the nominal static wheel load
when displaced 3 inches.

Figure 9 shows a plot of the simulation predictions. The worst-case predictions are 86.6
percent wheel load when a wheel is displaced 2 inches, and 81.1 percent wheel load when a
wheel is displaced 3 inches. The simulation predictions meet the requirements of the truck twist
equalization regime.
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Figure 9 Truck Twist Equalization Simulation Predictions

4.2 Carbody Twist Equalization (S-2043 Paragraph 4.2.2)

S-2043 requires the carbody twist equalization regime to simulate wheel unloading during
carbody twist. Carbody twist occurs when the car is negotiating a spiral or a long wavelength
track-twist deviation. The analysis is performed by simulating the raising and lowering of the
two wheels of the truck at one end of the car from 0 to 3 inches in 0.5-inch increments. This
analysis was performed for each corner of the car. The requirement is that all wheel loads must
remain above 60 percent of the nominal static wheel load when displaced 2 inches and above 40
percent of the nominal static wheel load when displaced 3 inches.

Figure 10 shows a plot of carbody twist performance. The worst-case simulation predictions
are 79 percent minimmuum vertical wheel load when displaced 2 inches, and 76 percent minimmim
vertical wheel load when displaced 3 inches. The simulation pradictions meet the requirements
of the carbody twist regime.
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Figure 10. Carbody Twist Simulation Predictions

4.3  Static Curve Stability (S-2043, Paragraph 4.2.3)

The static curve stability analysis regime in 3-2043 refers to the curve stability test in AAR
Chapter 11, Paragraph 11.3.3.3. The curve stability regime requires the car be subjected to a
200,000-pound buff load and a 200,000-pound draft load while placed on a curve of no less than
10 degrees. The curve may have no more than 0.5 inch superelevation. The test car will be
coupled to a base car or a like car (whichever is more severe) and a long car with 90-foot over
strikers, 66-foot truck centers, 60-inch couplers, and conventional draft gear. The combination of
the long car and base car is typically tested, and was included in the simulations. In addition, S-
2043 requires that the analysis be performed with the car coupled to cars it will be coupled to in
HLRM train operation. In this case, a cask car that is a span bolter design with length over
pulling faces of 78 feet 1 1/4 inches, span bolster pivot spacing of 38 feet, span bolster spacing of
38 feet 6 inches, and a coupler length of 43 inches. The requirement 1s that no wheel 1ift and no
suspension separation may occur for this analysis.

Figure 11 shows simulation predictions of minimum vertical wheel load for the five cases of
coupled cars analyzed. No wheel lift occurred. The simulation predictions were checked for
suspension separation at the centerplate, side bearings, coil springs, transom-to-sideframe
connection, and primary pads by verifying that all of those connections were carrying vertical
load. No suspension separation was found. The simulation predictions mest the requirements of
the curve stability regime.

10
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Figure 11. Simulation Predictions of Minimum Vertical
Wheel Load in the Static Curve Stability Regime

44 Curve Negotiation (8$-2043, Paragraph 4.2.4)

Curve negotiation calculations were performed with NUCARS® simulations. The buffer railcar
has a truck center spacing of 44 feet 6 inches and a length over pulling faces of couplers of 66
feet 4 5/8 inches. For these dimensions, the AAR MSRP Section C-I1, Standard M-1001, Chapter
2, Patagraph 2.1.4.2% requires the car be designed to negotiate a 275-foot radius curve when
coupled and a 150-foot radius curve when uncoupled.

TTCI simulated the uncoupled car negotiating a 150-foot radius curve using NUCARS®. No
wheel lift occurred. The simulations predictions were checked for suspension separation at the
centerplate, side bearings, the coil springs, the transom-to-sideframe connection, and the primary
pads by verifying that all of those connections were carrying vertical load. No suspension
separation was found.

TTCI simulated the car negotiating a 275-foot radius curve while coupled to a base car, a like
car, and a cask car that the buffer railcar may be coupled to in HLRM service. No wheel lift
occurred. The simulations predictions were checked for suspension separation at the centerplate,
side bearings, the coil springs, the transom-to-sideframe connection, and the primary pads by
verifying that all of those connections were carrying vertical load. No suspension separation was
found.

4 Association of American Railroads. 2011. Marnual of Standards of Recommended Fractices. Section C-Il Design,
Fabrication, and Construction of Freight Cars, Standard M-1001, Chapter 2, General Data, Paragraph 2.1.4.2
“Horizontal Curve and Tangent.” Washington, DC.

1
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TTCI simulated the car negotiating a No. 7 crossover on 13-foot centers while coupled to a
base car, a like car, and a cask car that the buffer railcar may be coupled to in HLRM service. No
wheel lift occurred. The simulations predictions were checked for suspension separation at the
centerplate, side bearings, coil springs, transom-to-sideframe connection, and the primary pads
by verifying that all of those connections were carrying vertical load. No suspension separation
was found.

The simulation predictions meet the requirements of the curve negotiation regime.

5.0 DYNAMIC ANALYSIS RESULTS

Dynamic analysis simulations were conducted according to Paragraph 4.3 of S-2043.

In this section, each analysis regime is briefly described, followed by the simulation
predictions for that analysis regime. Tables show predicted values for each regime compared to
the criteria presented in Table 4.1 of AAR Standard S-2043. Predicted values that do not meet
the criteria are shown in red bold font. Predicted values that are at the criteria level are shown in
black bold font. Plots showing data trends are provided. Where criteria differ between S-2043
and AAR MSRP Section C-11, Standard M-1001, Chapter 11, “Service-worthiness Tests and
Analyses for New Freight Cars” (AAR Chapter 11), criteria for both standards are shown on the
plots.

Lateral carbody acceleration standard deviation is calculated over a 1,000-foot section. In
many cases, the simulation regime is less than 1,000 feet. In those cases, that metric and criterion
are not applicable and are designated with the term “NA.”

Simulations were performed using a coefficient of friction of 0.5 between the wheel and rail.
AAR-1B narrow flange wheel profiles were used for all cases except those where specific worn
profiles were called for in the specification.

Measured rail profiles from the actual test zones at Transportation Technology Center,
Pueblo, CO were used where applicable. Where no actual test zone existed, new 136-pound rail
with 10-inch erown radius was used.

Simulation predictions were made using inputs created with measured track geometry.
TTCT’s experience has shown that simulations with measured track geometry produce better
predictions of car performance than that obtained with analytic track inputs created via
mathematical functions. Because the measured track geometry inputs contain short wavelengths
that cause spurious peaks in the data, the 50-millisecond and 3-foot analysis windows described
in AAR Chapter 11 and S-2043 are used when analyzing data to produce the most realistic
results.

5.1 Twist and Roll (S-2043, Paragraph 4.3.9.6)

Simulations of the twist and roll regime were conducted according to Paragraph 4.3.9.6 of S-
2043. The twist and roll regime consists of a series of 3/4-inch vertical track deviations offset on
each rail to input roll motions to the car. Simulations of 39-foot and 44-foot 6-inch wavelengths
were performed.

12

Page H.7-24 February 2, 2018



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

Table 6 shows the worst-case simulation predictions for twist and roll. Figure 12 shows the
maximum peak-to-pzak roll angles plotted against speed to show the trend in performance.
Simulation pradictions meet S-2043 criteria for twist and roll.

Table 6. Twist and Roll Simulation Predictions

. Limiting J9-foot | 44.5-foot
Criterion Value inputs inputs
Maximum carbody roll angle (degree) 4.0 1.6 1.8
Maximum wheel LIV 0.80 011 011
Maximum truck side L/V 0.50 0.09 0.09
Minimum vertical wheel load (%) 25 69 70
Peak-to-peak carbody lateral acceleration {(g) 1.30 027 0.26
Maximum carbody lateral acceleration (g) 0.75 0.15 013
Lateral carbody acceleration standard deviation (g) 0.13 NA NA
Maximum carbody vertical acceleration (g) 0.90 0.16 016
Maximum vertical suspension deflection (%) 95 40 40
7.0
6.0
s 5.0
[}
=
o 4.0
g
< 3.0
& 2.0
1.0
0.0
5 15 25 35 45 55 65 75 85
Speed (mph)
39 foot 44.5 foot —Limit

Chapter 11 Limit ——Operating Speed

Figure 12. Predicted Maximum Peak-to-Peak Roll Angles
in the Twist and Roll Regime
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5.2 Pitch and Bounce (S8-2043, Paragraph 4.3.9.7)

Simulations of the pitch and bounce regime were conducted according to Paragraph 4.3.9.7 of S-
2043. The pitch and bounce regime consists of a series of 3/4-inch vertical track deviations in
parallel on each rail to input vertical motions to the car. Simulations of 39-foot and 44-foot 6-
inch wavelengths were performed.

Table 7 shows the worst-case simulation predictions for pitch and bounce. Figure 13 shows
the maximum vertical suspension deflection plotted against speed to show the trend in
performance. Simulation predictions meet S-2043 criteria for pitch and bounce.

Table 7. Pitch and Bounce Simulation Predictions

Criterion L{fn;}tdgg :iir?pfgt%t 4?6?)::; ‘
A-End A-End
Maximum carbody roll angle (degree) 4.0 0.2 02
Maximum wheel LV 0.80 0.06 0.08
Maximum truck side LYV 0.50 0.05 0.06
Minimum vertical wheel load (%) 25 60 65
Peak-to-peak carbody lateral acceleration (g) 1.30 0.12 0.19
Maximum carbody lateral acceleration (g) 0.75 0.06 0.12
Lateral carbody acceleration standard deviation (g) 0.13 NA NA
Maximum carbody vertical acceleration (g) 090 0.65 0.47
Maximum vertical suspension deflection (%) 95 74 61

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Percent Capacity

5 15 25 35 45 55 65 75 85
Speed (mph)

39-foot 44.5-foot ——Limit ——Operating Speed
Chapter 11 and 5-2043 Limits are the same

Figure 13. Predicted Maximum Vertical Suspension Deflections
in the Pitch and Bounce Regime

14

Page H.7-26 February 2, 2018



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

5.3 Yaw and Sway (S-2043, Paragraph 4.3.9.8)

Simulations of the yaw and sway regime were conducted according to Paragraph 4.3.9.8 of S-
2043 . The yaw and sway regime consists of a series of 1.25-inch lateral track deviations on a
section with 1-inch wide gage to input lateral and yaw motions to the car. Simulations of 39-foot
and 44-foot 6-inch wavelengths were performed.

Table 8 shows the worst-case simulation predictions for yaw and sway. Figure 14 shows the
maximum peak-to-peak lateral acceleration plotted against speed to show the trend in
performance. Simulation predictions meet 8-2043 criteria for yaw and sway

Table 8. Yaw and Sway Simulation Predictions

Criterion Limiting Value ?2:3:’: 4:‘"5;::’;“

Maximum carbody roll angle (degree) 4.0 13 2.0
Maximum wheel LIV 0.80 0.62 0.51
Maximum truck side LV 0.50 0.30 0.24
Minimum vertical wheel load (%) 25 56 51

Peak-to-peak carbody lateral acceleration (g) 1.30 1.16 1.25
Maximum carbody lateral acceleration (g) 0.75 0.59 0.65
Lateral carbody acceleration standard deviation (g} 0.13 NA NA

Maximum carbody vertical acceleration (g) 0.90 0.18 0.16
Maximum vertical suspension deflection (%) 95 37 42

==
o )]

)

Acceleration (g
o =
o O

o o o o
o N B O

5 15 25 35 45 55 65 75 85
Speed (mph)
39-foot —m—44,5--foot —Limit
Chapter 11 Limit =—— Operating Speed
Figure 14. Predicted Maximum Peak-to-Peak Lateral Acceleration

for the Yaw and Sway Regime
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54 Dynamic Curving ($-2043, Paragraph 4.3.9.9)

Sirmulations of the dynamic curving regime were conducted according to Paragraph 4.3.9.9 of 3-
2043. The dynamnic curve section is on a 10-degree curve with 4 inches superelevation. The
dynamic curving regime consists of a series of 0.5-inch vertical track deviations offset on each
rail to input roll motions to the car. At the same time, the gage of the track changes from 56.5
inches to 57.5 inches to input lateral motions to the car. Simulations of 39-foot and 44-foot 6-
inch wavelengths were performed. Speeds ranging from 3 inches underbalance to 3 inches
overbalance are simulated.

Table 9 shows the worst-case simulation predictions for dynamic curving. Figure 15 shows
the maximum wheel L/V ratios plotted against speed to show the trend in performance.
Simulation predictions meet S-2043 criteria for dynamic curving.

Table 9. Dynamic Curving Simulation Predictions

Criterion Limiting cw CCW cw CCW
Value 39-foot | 39-foot | 44.5-foot | 44.5-foot

Maximum carbody roll angle (degree) 4.0 0.9 1.0 1.1 1.0
Maximum wheel LIV 0.80 0.53 0.50 0.50 0.47
Maximum truck side L/ 0.50 0.24 0.25 0.22 0.23
Minimum vertical wheel load (%) 25 62 62 654 63
Peak-to-peak carbody lateral acceleration (g} 1.30 0.40 0.41 0.32 0.27
Maximum carbody lateral acceleration (g) 0.75 0.27 0.28 0.23 0.19
Lateral carbody acceleration standard deviation (g) 013 NA NA NA NA
Maximum carbody vertical acceleration (g) 0.90 0.09 0.09 0.10 0.08
Maximum vertical suspension deflection (%) 95 31 33 32 28

1.2

1.0

0.8

Wheel L/V Ratio
o
(e)]

0.4
0.2
0.0
5 15 25 35
Speed (mph)
——CCW 39-foot CW 39-foot —a—CW 44.5-foot
—+—CCW 44.5-foot —Limit Chapter 11 Limit

Figure 15. Predicted Maximum Wheel L/V Ratios in the Dynamic Curving Regime
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55 Single Bump (S-2043, Paragraph 4.3.10.1)

Simulations of the single-bump regime were conducted according to Paragraph 4.3.10.1 of S-
2043 . The single-bump regime consists of a flat-topped vertical profile deviation with 1-inch
amplitude. The initial change is 1 inch in 7 feet, followed by a steady elevation of 1 inch for 20
feet, and finishing with a ramp back to normal elevation over 7 feet. No standard test zone exists
for the single-bump regime, but measured track geometry from a test performed in 2009 was
used as input for the simulation.

Table 10 shows the worst-case simulation predictions for the single bump. Figure 16 shows
the maximum suspension deflection plotted against speed to show the trend in performance.
Simulation predictions mest S-2043 criteria for the single bump.

Table 10. Single Bump Simulation Predictions

Criterion Limiting Value Single Bump

Maximum carbody roll angle (degree) 4.0 0.0
Maximum wheel L/ 0.80 0.02
Maximum truck side L/ 0.50 0.01
Minimum vertical wheel load (%) 25 94

Peak-to-peak carbody lateral acceleration (g) 1.30 0.02
Maximum carbody lateral acceleration (g) 0.75 0.01
Lateral carbody acceleration standard deviation (g) 0.13 NA
Maximum carbody vertical acceleration (g) 0.90 0.33
Maximum vertical suspension deflection (%) 95 31

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Percent Capacity

5 15 25 35 45 55 65 75 85
Speed (mph)
Simulation Prediction = ——Limit ——Operating Speed
Chapter 11 and S-2043 Limits are the same

Figure 16. Simulation Predictions of Maximum Percent
Spring Nest Capacity for the Single Bump Regime
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5.6 Curving with Single Rail Perturbation (5-2043, Paragraph 4.3.10.2)
Simulations of the curving with single rail perturbation regime were conducted according to
Paragraph 4.3.10.2 of §-2043. The curving with single rail perturbation regime is located on a
12-degree curve with no superelevation. Simulations were made for 1-, 2-, and 3-inch outside
rail dips and for 1-, 2-, and 3-inch inside rail bumps. The perturbation is a flat-topped ramp with
an elevation change over 6 feet, a steady elevation over 12 feet, ramping to the original elevation
over 6 feet. The inputs for this simulation regime were mathematically generated because no
actual test zone exists. Tests of a 2-inch bump and dip were performed in 2009, but inputs from
measurements of those perturbations were less severe than the analytic inputs and were not used
for the simulations reported here. S-2043 prescribes that the simulations be made in 2-mph
increments from 4 mph to 14 mph for the 1- and 2-inch amplitude perturbations. The maximum
speed over the 3-inch perturbations shall be 10 mph.

Table 11 shows the worst-case simulation predictions for the curving with single bump
regime. Figure 17 shows the maximum wheel L/V ratio plotted against speed to show the trend
in performance. Table 12 and Figure 18 show the corresponding information for the curving with
single dip simulations. Simulation predictions meet S-2043 criteria for the curving with single
rail perturbation regime.

Table 11. Curving with Single Bump Simulation Predictions

Criterion "'\2 '.329 tinch | 2-nch | 3-inch
Maximum carbody roll angle (degree) 40 07 1.7 26
Maximum wheel L/V 0.80 0.49 0.55 0.58
Maximum truck side L/V 0.20 0.28 0.29 0.31
Minimum vertical wheel load (%) 25 72 66 63
Peak-to-peak carbody lateral acceleration (g) 1.30 0.07 011 0.10
Maximum carbody lateral acceleration (g) 0.75 0.05 0.07 0.06
Lateral carbody acceleration standard deviation (g) 0.13 NA NA NA
Maximum carbody vertical acceleration (g) 0.90 0.07 0.10 0.10
Maximum vertical suspension deflection (%) 95 25 38 48
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Figure 17. Predictions of Maximum Wheel L/V Ratios
for the Curving with Single Bump Regime
Table 12. Curving with Single Dip Simulation Predictions
Criterion Limiting Tinch | 2dnch | 3-inch
Value
Maximum carbody roll angle (degree) 4.0 07 1.7 2.6
Maximum wheel LA 0.80 049 0.57 0.62
Maximum truck side LV 0.50 0.28 0.29 0.31
Minimum vertical wheel load (%) 25 73 67 65
Peak-to-peak carbody lateral acceleration (g) 1.30 0.07 0.11 0.11
Maximum carbody lateral acceleration (g) 0.75 0.05 0.07 0.06
Lateral carbody acceleration standard deviation (g) 013 NA NA NA
Maximum carbody vertical acceleration (g) 0.80 0.07 0.11 0.11
Maximum vertical suspension deflection (%) 95 27 35 41
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Figure 18. Predictions of Maximum Wheel L/V Ratios
for the Curving with Single Dip Regime

5.7 Hunting {$-2043, Paragraph 4.3.11.3)

Simulations of the hunting regime were conducted according to Paragraph 4.3.11.3 of 5-2043.
The hunting regime was modeled using a 7,900-foot section of measured track geometry from
the Railroad Test Track (RTT) at TTC. The inputs include 5,500 feet of tangent track followed
by a 2,400-foot section with a spiral and a portion of a 50-minute curve with 6 inches of
superelevation. These simulations were performed with KR wheel profiles as specified by AAR

Chapter 11, Paragraph 11.7.2.

Table 13 shows the worst-case simulation predictions for the hunting regime. Figure 19
shows the maximum lateral carbody acceleration standard deviation over 1,000 feet plotted
against speed to show the trend in performance. Simulation predictions meet S-2043 criteria for

the hunting regime.
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Table 13. Hunting Simulation Predictions

Criterion Limiting Value Simulation Predictions
Maximum carbody roll angle (degree) 4.0 0.4
Maximum wheel LAV 0.80 0.21
Maximum truck side LV 0.50 0.19
Minimum vertical wheel load (%) 25 66
Peak-to-peak carbody lateral acceleration (g) 1.30 0.41
Maximum carbody lateral acceleration (g) 0.75 0.30
Lateral carbody acceleration standard deviation (g) 0.13 0.09
Maximum carbody vertical acceleration (g) 0.90 0.24
Maximum vertical suspension deflection (%) 95 31
0.14
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8 0.10
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2 0.08
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Chapter 11 and 5-2043 Limits are the same

Figure 19. Predicted Maximum Carbody
Lateral Acceleration for the Hunting Regime

5.8 Constant Curving (8-2043, Paragraph 4.3.11.4)

Simulations of the constant curving regime were conducted according to Paragraph 4.3.11.4 of
S-2043. The constant curving test regime was modeled using measured track geometry from the
7.5-, 10-, and 12-degree curves of the Wheel-Rail Mechanism (WRM) loop at TTC.

Simulation predictions presented for constant curving include the 95th percentile wheel 1/V
ratio for the steady curve portion of the inputs. This criterion is not listed in Table 4.1 of the S-
2043 design paragraph, but it is listed in Table 5.1 of the S-2043 single car test paragraph. The
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95th percentile wheel L/V ratio is relevant to these simulations, because the simulations are
performed with measured track geometry inputs rather than ideal track geometry.

Table 14 shows the worst-case simulation predictions for the constant curving regime. Figure
20 shows the 95th percentile wheel L/V ratio plotted against spesd for the 12-degree curve to
show the trend in performance. The simulation predictions meet 5-2043 criteria.

Table 14. Constant Curving Simulation Predictions

Criterion Limiting Value Ccw ccw
Maximum carbody roll angle (degree) 4.0 05 04
Maximum wheel LAV 0.80 0.52 0.50
95% VWwheel LAV Ratio 0.60 0.40 0.44
Maximum truck side LA/ 0.50 0.34 0.31
Minimum vertical wheel load (%) 25 69 68
Peak-to-peak carbody lateral acceleration (g) 1.30 0.21 0.24
Maximum carbody lateral acceleration (g) 0.75 0.15 0.16
Lateral carbody acceleration standard deviation (g) 0.13 0.04 0.04
Maximum carbody vertical acceleration (g) 0.90 0.15 0.14
Maximum vertical suspension deflection (%) 95 36 37
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Figure 20. Predicted 95th Percentile Wheel L/V Ratio
for the 12-degree Curve Regime
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5.9 Curving with Various Lubrication Conditions (8-2043, Paragraph 4.3.11.5)
Simulation of curving with various lubrication conditions were performed according to S-2043,
Paragraph 4.3.11.5. Constant curving simulations were repeated in a 10-degree curve with the
coefficient of friction conditions shown in Table 15. Simulations were parformed using a new

wheel profile on a new rail profile and with a hollow wheel profile on a ground rail profile.

Figure 21 shows the worn wheel and rail profiles used for the simulations. The right side is the
high rail in this plot. The gap between the rail profile in red and the wheel profile in blue on the
gage corner of the rail represents a distinctive two point contact condition. The lubrication and
profile conditions are designad to show performance when the wheelset cannot provide normal
steering forces. The metrics presented in this section were computed over the steady curve
portion of the input, excluding the entry and exit spiral.

Table 15. Wheel/Rail Coefficients of Friction for the
Curving with Various Lubrication Conditions Regime

Friction Coefficient

High Rail Crown

High Rail Gage Face

Low Rail Crown

Case 1 0.5 0.5 0.5
Case 2 0.5 0.2 0.5
Case 3 0.5 0.2 02
Case 4 0.2 0.2 0.5

LEFT

Figure 21. Worn Wheel Profiles on the Ground Rail Profiles.

The wheelset is shifted to the high rail in the position it would be in a left hand curve.

Table 16 shows simulation predictions for the four friction cases with new wheel profiles.
Table 17 shows simulation predictions for the four friction cases with hollow worn wheel
profiles and ground rail profiles. Figure 22 shows a plot of maximum truck side L/V ratio versus
speed for Case 2 friction with worn wheel profiles to show the trend in performance. Simulations
predictions meet 3-2043 criteria.
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Table 16. Simulation Predictions for Curving with
Rail Lubrication Cases 1 through 4 and New Wheels and Rails

Criterion Limiting Case 1 Case 2 Case 3 Case 4
Value New New New New
Maximum carbody roll angle (degree) 40 0.5 05 0.5 05
Maximum wheel L/V 0.80 0.52 0.53 0.38 0.56
95% Wheel L/V Ratio 0.60 0.41 0.45 0.32 0.54
Maximum truck side L/V 0.20 0.28 0.30 0.24 0.45
Minimum vertical wheel load (%) 25 68 68 68 67
Peak-to-peak carbody lateral acceleration (g) 1.30 0.17 017 0.18 0.18
Maximum carbody lateral acceleration (g) 0.75 0.14 0.14 0.16 0.15
Lateral carbody acceleration
standard devia&;ion (@) 013 0.04 0.04 0.04 0.03
Maximum carbody vertical acceleration (g) 0.90 0.14 0.14 0.14 0.14
Maximum vertical suspension deflection (%) 95 35 35 35 35
Table 17. Simulation Predictions for Curving with Rail Lubrication
Cases 1 through 4 and Hollow Worn Wheels and Ground Rails
Criterion Limiting Case 1 Case 2 Case 3 Case 4
Value Worn Worn Worn Worn
Maximum carbody roll angle (degree) 40 05 05 05 05
Maximum wheel L/V 0.80 0.56 0.60 0.40 0.56
95% Wheel L/V Ratio 0.60 0.52 0.57 0.35 0.53
Maximum truck side L/V 0.20 0.46 0.49 0.23 0.48
Minimum vertical wheel load (%) 25 62 60 62 63
Peak-to-peak carbody lateral acceleration (g) 1.30 0.18 0.20 0.20 0.19
Maximum carbody lateral acceleration (g) 0.75 0.18 0.15 0.15 0.15
Lateral carbody_aooeleratlon 013 004 0.04 0.04 004
standard deviation (@)
Maximum carbody vertical acceleration (g) 0.0 0.13 014 0.14 0.13
Maximum vertical suspension deflection (%) a5 35 35 35 35
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Figure 22. Predicted Maximum Truck Side L/V Ratio for Curving with Variation
in Wheel Profile and Lubrication Conditions, Case 2 Friction with Worn Profiles

5.10 Limiting Spiral Negotiation ($-2043, Paragraph 4.3.11.6)

Simulations of the limiting spiral regime were conducted according to Paragraph 4.3.11.6 of S-
2043. The limiting spiral has a steady curvature change from 0 to 10 degrees and a steady
superelevation change from 0 to 4 3/8 inches in 89 feet.

Table 18 shows the worst-case simulation predictions for the limmting spiral regime. Figure
23 shows the maximum wheel L/V plotted against speed to show the trend in performance.
Simulation predictions meet 8-2043 criteria for the limiting spiral regime.

Table 18. Limiting Spiral Simulation Predictions

Criterion Limiting Value | Spiral Entry | Spiral Exit
Maximum carbody roll angle (degree) 4.0 06 07
Maximum wheel LV 0.80 0.42 0.51
Maximum truck side LIV 0.50 0.23 0.29
Minimum vertical wheel load (%) 25 67 64
Peak-to-peak carbody lateral acceleration {(g) 1.30 0.14 0.20
Maximum carbody lateral acceleration (g) 0.75 0.10 0.15
Lateral carbody acceleration standard deviation (g) 013 NA NA
Maximum carbody vertical acceleration (g) 0.90 0.10 0.10
Maximum vertical suspension deflection (%) 95 36 39
25
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Figure 23. Predicted Maximum Wheel L/V Ratio for the Limiting Spiral Regime

511 Turnouts and Crossovers (8-2043, Paragraph 4.3.11.7)
Simulations of the turnout and crossover regime were conducted according to Paragraph 4.3.11.7
of §-2043. Simulations were performed through a No. 7 AREMA straight point turnout and a
No. 7 crossover on 13-foot track centers at speeds up to 15 mph. The inputs for this simulation
regime were mathematically generated because no actual test zone exists.

Table 19 shows the worst-case simulation predictions for the turnout regime. Figure 24
shows a plot of truck side L./V ratio in a No. 7 turnout. Simulation predictions meet 3-2043
criteria for the turnout regimes.

Table 19. Turnout Simulation Predictions

Criterion Limiting Value No. 7 Turnout | No. 7 Turnout
Left Hand Right Hand

Maximum carbody roll angle (degree) 4.0 0.3 0.3
Maximum wheel LA/ 0.80 0.59 0.59
Maximum truck side LA/ 0.50 0.47 0.47
Minimum wvertical wheel load (%) 25 77 77
Peak-to-peak carbody lateral acceleration (g) 1.30 019 0.19
Maximum carbody lateral acceleration (g) 075 0.11 0.11
Lateral carbody acceleration standard

doviation (g) y 0.13 NA NA
Maximum carbody vertical acceleration (g) 0.90 0.23 0.22
Maximum vertical suspension deflection (%) 95 16 16
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Figure 24, Simulation Predictions of Truck Side L/V Ratio for No. 7 Turnouts

Table 20 shows the worst-case simulation predictions for the crossover regime. Figure 25
shows a plot of truck side L./V ratio in the crossovers. Simulation predictions meet 3-2043

criteria for the No. 7 crossover.

Table 20. Crossover Simulation Predictions

Criterion L{’rglltlllgg Crglsos.c?ver

Maximum carbody roll angle (degree) 4.0 0.3

Maximum wheel L 0.80 0.68
Maximum truck side L/V 0.50 0.49
Minimum vertical wheel load (%) 25 75

Peak-to-peak carbody lateral acceleration {g) 1.30 0.21
Maximum carbody lateral acceleration (g) 0.75 0.13
Lateral carbody acceleration standard deviation (g) 0.13 NA
Maximum carbody vertical acceleration (g) 0.90 017
Maximum vertical suspension deflection (%) 95 23
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Figure 25, Simulation Predictions of Truck Side L/V Ratio on Crossovers

5.12 Ride Quality (S-2043, Paragraph 4.3.12)

Simulations of the ride quality regime were conducted according to Paragraph 4.3.12 of S-2043.
Simulations were performed over standardized track geometry files representing track allowed
under Federal Railroad Administration (FRA) designations of Class 2 through Class 6. These
track geometry files are provided by the AAR. Simulations speeds were from 10 mph to the FRA
freight speed limit for each track class. The track geometry files are described briefly below:

e Class 2 Inputs. 74,000 feet of track including curves up to 10 degrees
e Class 3 Inputs. 28,000 feet of track including curves up to 3 degrees
* Class 4 Inputs. 22,000 feet of tangent track
* Class 5 Inputs. 6,700 feet of tangent track
e Class 6 Inputs. 16,000 feet of tangent track
8-2043 Paragraph 4.3.12.4 requires simulation of non-passenger carrying railears on these
track classes. The predictions are compared to the performance criteria in Table 4.1 of S-2043.
Table 21 shows the worst-case simulation predictions for the ride quality simulations. Figure
26 shows a plot of the predicted maximum vertical acceleration in the ride quality regime. Figure

27 shows a plot of the maximum suspension displacement in the ride quality regime. Simulation
predictions meet S-2043 criterion in the ride quality regime.
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Table 21. Ride Quality Simulation Predictions

Criterion Limiting | Class | Class | Class | Class | Class
Value 2 3 4 5 6
Maximum carbody roll angle (degree) 4.0 1.6 0.9 0.7 0.7 0.9
Maximum wheel LAV 0.80 0.52 0.18 018 0.16 0.14
Maximum truck side LYV 0.50 0.34 0.13 012 0.1 0.11
Minimum vertical wheel load (%) 25 71 62 58 65 55
Peak-to-peak carbody lateral acceleration (g) 1.30 0.34 0.25 0.47 0.36 0.34
Maximum carbody lateral acceleration (g) 0.75 0.18 0.16 0.29 0.19 0.18
Lateral carbody acceleration standard deviation (g) 0.13 0.04 0.04 0.06 0.07 0.07
Maximum carbody vertical acceleration {g) 0.80 0.21 0.57 0.66 0.51 0.58
Maximum vertical suspension deflection (%) 95 36 71 91 56 63
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Figure 26. Predicted Maximum Vertical Acceleration in the Ride Quality Regime
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Figure 27. Predicted Maximum Suspension Deflection in the Ride Quality Regime

5.13 Buff and Draft Curving (S-2043, Paragraph 4.3.13)

Simulations of the buff and draft curving regime were conducted according to Paragraph 4.3.13
of §-2043. Simulations were performed using measurad track geometry of the 12-degree curve of
the WRM Loop at TTC. Simulations were designed to simulate the car coupled to:

e A base car as described in the AAR MSRP Section C-II, Standard M-1001
Chapter 2, Paragraph 2.1.4.23.°

e A long car having 90-foot over strikers, 66-foot truck centers, 60-inch couplers, and
conventional draft gear.

e Like Car.

e Aflas cask car: a car the buffer railcar may be coupled to in HLRM service.

e Rail Escort Vehicle: a car the buffer railcar may be coupled to in HLRM service.

e Four-axle Locomotive: a vehicle to which the buffer railcar may be coupled in
HLRM service.

e Six-axle Locomotive: a vehicle to which the buffer railcar may be coupled in
HLRM service

The geometry of the coupled cars was modeled so that the longitudinal forces of 250,000-
pounds buff and 250,000-pounds draft were applied to the car in the simulation. The lateral
component of the force was calculated using the method presented in AAR MSRP Section C-I1,

5 Association of American Railroads. 2011. Manua/ of Standards of Recommended Practices. Section C-11 Design,
Fabrication, and Construction of Freight Cars, Standard M-1001, Chapter 2. General Data, Paragraph 2.1.4.2.3
“Base Car.” Washington, DC.

30

Page H.7-42 February 2, 2018



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

Standard M-1001 Chapter 2, Paragraph 2.1.6.4 and 2.1.6.5. The longitudinal and lateral forces
were applied in the model using external force connection elements.

Table 22 shows the worst-case simulation predictions for draft force cases when the buffer
railcar is coupled to the standard cars required in Chapter 2, and Table 23 shows the worst-case
simulation predictions for the draft force cases when the car is coupled to cars it may be coupled
to in 8-2043 service. Table 24 and Table 25 show the corresponding data for buff loads.
Simulation predictions do not meet S-2043 for the truck side L/V eriterion when the buffer
railcar 1s coupled to the base car or when coupled between the cask car and the rail escort vehicle
(REV) under draft load. These truck side L/V exceptions occur in the body of the curve on the
lead truck low rail at underbalance speed. Simulation predictions meet S-2043 criteria for all
other conditions. Figure 28 shows a plot of the maximum truck side L/V ratio versus speed when
the buffer railcar is coupled to the base car and the REV under 250,000-pounds draft load. Figure
29 shows a distance plot of the truck side L/V ratio for the buffer railcar coupled to the base car
under 250,000-pounds draft load at 15 mph. The column headings in Tables 22 through 25 list
the cars that the buffer car is coupled between.

Table 22. Simulation Predictions for 250,000 pounds Draft Force with Standard Cars

Limiti L -
Criterion imiting Base-Long | Base-Base ong Like-Like
Value Long
Maximum carbody roll angle (degree) 4.0 0.7 0.7 0.6 0.6
Maximum wheel L1V 0.80 0.54 0.54 0.51 0.53
Maximum truck side L/V 0.50 0.48 0.51 0.38 0.44
Minimum vertical wheel load (%) 25 58 59 76 69
Peak-to-Peak carbody lateral 130 012 013 012 012
acceleration (g)
Maximum carbody
: 0.75 0.13 0.14 012 0.13

lateral acceleration (g)
Lateral carbo@y .accelerahon 013 0.03 003 0.04 0.03
standard deviation (g)
Maximum carbod

) _y 0.90 012 013 012 012
vertical acceleration (g)
Maximum vertical
suspension deflection (%) % %0 8 44 49
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Table 23. Simulation Predictions for 250,000 pounds Draft Force

with Cars it May be Coupled to in $-2043 Operation

Criterion Limiting Cask Car- | Cask- 6-Axle 4-Axle
Value Cask Car REV Loco-Cask | Loco-Cask

Maximum carbody roll angle 40 07 06 07 0.7
(degree)
Maximum wheel LIV 0.80 0.54 0.54 0.53 0.53
Maximum truck side L/V 0.50 0.50 0.51 0.47 0.45
Minimum vertical wheel load (%) 25 61 61 67 61
Peak-to-peak carbody lateral 1.30 013 0.14 0.12 013
acceleration (g)
Maximum carbody [ateral 0.75 013 0.13 0.13 013
acceleration (g)
Lateral oarbo:dy. acceleration 013 0.03 0.03 0.04 0.03
standard deviation (g)
Mammum carbody vertical 0.90 013 0.13 0.12 0.12
acceleration (g)
Maximum vertical suspension

. a5 56 56 46 50
deflection (%)

Table 24. Simulation Predictions for 250,000 pounds Buff Force with Standard Cars

Limiti L -
Criterion miting Base-Long | Base-Base ong Like-Like
Value Long
Maximum carbody roll angle (degree) 40 0.5 0.6 0.5 0.5
Maximum wheel L/V 0.80 0.46 0.52 0.44 0.47
Maximum truck side L/V 0.20 0.38 0.39 0.29 0.33
Minimum vertical wheel load (%) 25 55 56 72 64
Peak-to-peak carbody lateral 130 013 014 013 015
acceleration (g)
Maximurm carbo;ly 0.75 013 013 0.13 015
lateral acceleration (g)
Lateral carquy.accelerahon 013 0.03 0.03 0.04 0.04
standard deviation (g)
Ma)flmum carbocfy 0.90 012 012 012 0.11
vertical acceleration (g)
Maximum vertical
) i 95 52 54 4 47
suspension deflection (%)
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Table 25. Simulation Predictions for 250,000 pounds Buff Force

with Cars it May be Coupled to in $-2043 Operation

. Limiting | Cask Car- B6-Axle 4-Axle
Criterion Value Cask Car Cask-REV Loco-Cask | Loco-Cask
Maximum carbody roll angle (degree) 4.0 0.6 06 05 0.5
Maximum wheel LA/ 0.80 0.52 0.52 0.50 0.43
Maximum truck side LA/ 0.50 0.38 0.39 0.39 0.37
Minimum vertical wheel load (%) 25 56 58 54 56
Peakto-peak carbody 1.30 0.14 0.14 0.14 0.13
lateral acceleration (g)
Maximum carbo.dy 0.75 0.13 0.14 0.14 0.14
lateral acceleration (g)
Lateral carbo.dy. acceleration 013 0.03 0.03 0.03 0.03
standard deviation (g)
Maximum carbody 0.90 0.12 0.11 0.1 0.1
vertical acceleration (g)
Maximum vertical
95 54 53 52 52
suspension deflection (%)
o 0.7
= 0.6
[+]
e 0.5
=
S 0.4
o 03
o
o 0.2
x 0.1
|,_=_ 0.0
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Figure 28. Simulation Predictions of Truck Side L/V for the Buffer Railcar
under 250,000 pounds Draft Force when Coupled to the Two Worst-case Cars
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Figure 29. Truck side LV Ratio for the Buffer Railcar Coupled to the
Base Car under 250,000 Pounds Draft Load at 15 mph

5.14 Braking Effects on Steering (S-2043, Paragraph 4.3.14)
simulations of the braking effects on steering regime were conducted according to Paragraph

4.3.14 of 3-2043. Himulations were performe d using measured track geometry of the 12-degree
curve of the WEM loop at TTC.

The brake shoe could apply a 5,342-pound force to the wheel based on the gross rail load of
263,000 pounds and the maximum brake ratio of 16.25 percent specifiedin 3-2042 Paragraph
4423 “Loaded Brake REatio.”™ The brake beam guide 15 inclined 14 degrees from honzontal on the
Swing Motien® truck used on the buffer railcar. The longitudinal and vertica forces applied to the
wheels were resolved from thiz data and applied to the axles using external force inputs in the
NUCAES® model. The braking torque was calcul ated assuming a coefficient of friction of 0.33
between the brake shoe and wheel. This torcque was appliedto the axles for these simulations,

Table 26 shows the worst-case results from the braling in curves simulation. Simulation
predictions meet 3-2042 cnteria for the brakung in curves regime. Braking appears to have only a
small effect on steening, with the largest detrimental change being a drop of the minimum
vertical wheel load from 74 to 66 percent of the static wheel load for simulati ons when braking
forces are simulated.
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Table 26. Simulation Predictions for the Braking in Curves Simulation

Criterion Limiting Value | No Braking | With Braking

Maximum carbody roll angle (degree) 4.0 0.4 0.4
Maximum wheel L/V 0.80 0.49 0.48
Maximum truck side L/V 0.50 0.30 0.31
Minimum vertical wheel load (%) 25 74 66

Peak-to-peak carbody lateral acceleration (g) 1.30 0.17 0.18
Maximum carbody lateral acceleration (g) 0.75 0.11 0.11
Lateral carbody acceleration standard deviation (g) 0.13 0.02 0.02
Maximum carbody vertical acceleration (g) 0.90 0.12 0.12
Maximum vertical suspension deflection (%) 95 34 34

6.0 WORN COMPONENT SIMULATIONS (S-2043, Paragraph 4.3.15)
Worn component simulations were conducted according to Paragraph 4.3.15 of S-2043. Wear of
the following components was simulated:

e CCSB

o Center plates

¢ Primary pad

s Friction wedges

s Broken springs

s Vertical damper

In this section, worst-case simulation predictions for the worn components are summarized in
tables together with the criteria and base line predictions for the new condition car. All worn
component condition simulations meet S-2043 criteria.

The regimes chosen for each worn component case are not expected to identify every
regime where the worn component may affect results; but rather, represent a set of cases that
check the modes of performance that might be affected. The regimes used in worn component
simulations were selected from those required by Chapter 11. For example, simulations of the
effects of truck component wear in turnouts, crossovers, spiral entry/exit and curves with
bumps/dips were not performed because these effects would also be evident in the regimes of
curving and dynamic curving.

6.1 Constant Contact Side Bearing (CCSB)

Wear in a CCSB may result in a loss of side bearing preload. Wear of the carbody centerplate or
the truck center bowl may result in a reduction of the CCSB setup height. To examine the effect
of'these types of CCSB wear, simulations were performed with:

e The CCSB having half the stiffness and half the preload of new CCSB
(4,000-pound nominal preload).

o The setup height of the new CCSB reduced to 4 7/8 inch.
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The performance of the car with worn CCSB was checked in constant curving, dynamic

curving, hunting, and twist and roll.

Table 27 shows a comparison of constant curving simulation predictions for baseline and
worn CCSB simulations. Simulations were performed in both directions using track geometry

measurements for a section of track that includes 7.5-, 12-, and 10-degree curves and their entry

and exit spirals. The spiral on the north end of the 12-degree curve is an old test zone known as

the bunched spiral. The curvature changes linearly from 0 to 12 degrees over the 200-foot length

of the bunched spiral and the superelevation changes from 0 to 5 inches in the center 100 feet.

The bunched spiral is no longer a required AAR test regime, but serves in this case to check car
performance under severe track twist conditions. Simulation predictions for worn CCSB meet S-

2043 criteria for constant curving.

Table 27. Simulation Predictions of the Buffer Railcar with Worn CCSB in Constant Curving

- Limiting . Low Preload Low §etup
Criterion Value Baseline CCSB Height
cCsB
Maximum carbody roll angle (degree) 4.0 0.5 0.5 0.5
Maximum wheel L/V 0.80 0.52 0.52 0.52
Maximum truck side L/V 0.50 0.34 0.34 0.34
Minimum vertical wheel load (%) 25 68 67 68
Peak-to-peak carbody lateral acceleration (g) 1.30 0.24 0.23 0.23
Maximum carbody lateral acceleration (g) 0.7% 0.16 0.15 0.15
Lateral carbody acceleration standard deviation (g) 0.13 0.04 0.04 0.04
Maximum carbody vertical acceleration (g) 0.20 0.15 0.15 0.15
Maximum vertical suspension deflection (%) 95 37 37 36

Table 28 shows a comparison of dynamic curving simulation predictions for baseline and
worn CCSB simulations. Simulation predictions for worn CCSB meet S-2043 criteria for

dynamic curving.

Table 28. Simulation Predictions of the Buffer Railcar with Worn CCSB in Dynamic Curving

R Low Setu
Criterion L{/n;::::g Baseline LowC(F;rSeéoad Height P

CcCsB
Maximum carbody roll angle (degree) 4.0 1.0 1.0 1.0
Maximum wheel L/V 0.80 0.53 053 0.53
Maximum truck side L/V 0.20 0.25 0.25 0.25
Minimum vertical wheel load (%) 25 62 62 62
Peak-to-peak carbody lateral acceleration (g) 1.30 0.41 0.41 0.41
Maximum carbody lateral acceleration (g) 0.75 0.28 0.29 0.28
Lateral carbody acceleration standard deviation (g) 0.13 NA NA NA
Maximum carbody vertical acceleration (g) 0.90 0.09 0.08 0.09
Maximum vertical suspension deflection (%) 95 33 33 33
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Table 29 shows a comparison of hunting simulation predictions for baseline and worn CCSB
simulations. Simulation predictions for low preload and low setup height CCSB meet the S-2043
criteria for hunting.

Table 29. Simulation Predictions of the Buffer Railcar with Worn CCSB in Hunting

- Low Setu
Criterion L\'/";'Iﬂzg Baseline L°Wcz::ad Height P
ccsB
Maximum carbody roll angle (degree) 40 0.4 0.4 0.3
Maximum wheel LV 0.80 0.21 0.22 0.21
Maximum truck side L/V 0.20 0.19 0.19 0.19
Minimum vertical wheel load (%) 25 66 66 66
Peak-to-peak carbody lateral acceleration (g) 1.30 0.40 0.40 0.40
Maximum carbody lateral acceleration (g) 0.75 0.29 0.29 0.28
Lateral carbody acceleration standard deviation (g) 0.13 0.09 0.08 0.08
Maximum carbody vertical acceleration (g) 0.90 0.24 0.24 0.24
Maximum vertical suspension deflection (%) 95 31 31 31

Table 30 shows a comparison of twist and roll simulation predictions for baseline and worn
CCSB simulations. Simulation predictions for wormn CCSB meet S-2043 criteria for twist and roll.

Table 30. Simulation Predictions of the Buffer Railcar with Worn CCSB in Twist and Roll

o Limiting ) Low Low _Setup
Criterion Value | Baseline Preload Height
CCsB CCsB
Maximum carbody roll angle (degree) 40 16 16 16
Maximum wheel L/ 0.80 0.11 0.11 0.11
Maximum truck side L/V 0.50 0.09 0.09 0.09
Minimum vertical wheel load (%) 25 69 69 70
Peak-to-peak carbody lateral acceleration (g) 1.30 0.27 0.27 0.27
Maximum carbodly lateral acceleration (g) 0.75 0.15 0.15 0.14
Lateral carbody acceleration standard deviation (g) 0.13 NA NA NA
Maximum carbody vertical acceleration (g) 0.90 0.16 0.18 0.16
Maximum vertical suspension deflection (%) 95 40 a1 40

6.2 Centerplate

To examine the effect of centerplate wear, simulations were performed with centerplate friction
increased from 0.3 for the baseline case to 0.5 for the worn case. The performance of the car with
worn centerplates was checked in constant curving, dynamic curving, and hunting.

Table 31 shows a comparison of constant curving simulation predictions for baseline and
wom centerplate simulations. Simulations were performed in both directions using track
geometry measurements for a section of track that includes a 7.5-, 12-, and 10-degree curve and
their entry and exit spirals. The bunched spiral, as described in the previous section, was used.
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Table 31. Simulation Predictions of the Buffer Railcar with Worn Centerplate in Constant Curving

Criterion L:z:ﬂzg Baseline Cer\l’:’;g'late

Maximum carbody roll angle (degree) 4.0 0.5 0.5
Maximum wheel L/V 0.80 0.52 0.52
Maximum truck side L/V 0.50 0.34 0.34
Minimum vertical wheel load (%) 25 68 68

Peak-to-peak carbody lateral acceleration (g) 1.30 0.24 0.24
Maximum carbody lateral acceleration (g) 0.75 0.16 0.15
Lateral carbody acceleration standard deviation (g) 0.13 0.04 0.04
Maximum carbody vertical acceleration (g) 0.20 0.15 0.15
Maximum vertical suspension deflection (%) a5 37 37

Table 32 shows a comparison of dynamic curving simulation predictions for baseline and
worn centerplate simulations. Simulation predictions for worn centerplate meet S-2043 criteria
for dynamic curving,

Table 32. Simulation Predictions of the Buffer Railcar with Worn Centerplate in Dynamic Curving

Criterion Limiting Value | Baseline | Worn Centerplate
Maximum carbody roll angle (degree) 4.0 1.0 1.0
Maximum wheel L/V 0.80 0.53 0.52
Maximum truck side L/V 0.50 0.25 0.25
Minimum vertical wheel load (%) 25 62 62
Peak-to-peak carbody lateral acceleration (g) 1.30 0.41 0.41
Maximum carbody lateral acceleration (g) 0.75 0.28 0.28
Lateral carbody acceleration standard deviation (g) 0.13 NA NA
Maximum carbody vertical acceleration (g) 0.e0 0.09 0.09
Maximum vertical suspension deflection (%) 95 33 33

Table 33 shows a comparison of hunting simulation predictions for baseline and worn
centerplate simulations. Simulation predictions for these conditions meet S-2043 criteria for
hunting.

Table 33. Simulation Predictions of the Buffer Railcar with Worn Centerplate in Hunting

Criterion Ll\z:ﬂzg Baseline Cer\ilicl:r:)nlate

Maximum carbody roll angle (degree) 40 0.4 0.3
Maximum wheel L/V 0.80 0.21 0.21
Maximum truck side L/V 0.20 0.19 0.19
Minimurn vertical wheel load (%) 25 66 66

Peak-to-peak carbody lateral acceleration (g) 1.30 0.40 0.40
Maximum carbody lateral acceleration (g) 0.75 0.28 0.29
Lateral carbody acceleration standard deviation (g) 013 0.08 0.08
Maximum carbody vertical acceleration (g) 0.90 0.24 024
Maximum vertical suspension deflection (%) 95 31 31
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6.3 Primary Pad

It is not clear how the primary pads of the Swing Motion® trucks will wear over time. To
examine the possible impact of different changes, the primary pads were simulated with both
lower and higher longitudinal and lateral stiffness. For lower stiffness runs the stiffness was
reduced by a factor of 2. For higher stiffness runs the stiffness was increased by a factor of 20.

Table 34 shows a comparison of constant curving simulation predictions for baseline and
worn primary pad simulations. Simulations were performed in both directions using track
geometry measurements for a section of track that includes a 7.5-, 12-, and 10-degree curve and
their entry and exit spirals. The bunched spiral, as described in the previous section, was used.
Simulation predictions for worn primary pads meet S-2043 eriteria for constant curving.

Table 34. Simulation Predictions of the Buffer Railcar

with Worn Primary Pads in Constant Curving

Criterion Limiting Baseline Soft Stiff
Value Primary Pad | Primary Pad

Maximum carbody roll angle (degree) 4.0 0.5 0.5 0.5
Maximum wheel L/V 0.80 0.52 0.52 0.62
Maximum truck side L/V 0.50 0.34 0.28 0.36
Minimum vertical wheel load (%) 25 68 67 67
Peak-to-peak carbody lateral acceleration (g) 1.30 0.24 0.25 0.19
Maximum carbody lateral acceleration (g) 0.75 0.16 0.19 017
Lateral carbody acceleration standard deviation (g) 0.13 0.04 0.05 0.04
Maximum carbody vertical acceleration (g) 0.90 0.15 0.15 0.14
Maximum vertical suspension deflection (%) 95 37 36 37

Table 35 shows a comparison of dynamic curving simulation predictions for baseline and
worn primary pad simulations. Simulation predictions for worn primary pads meet S-2043

criteria for dynamic curving.

Table 35. Simulation Predictions of the Buffer Railcar with Worn Primary Pads in Dynamic Curving

o Limitin . Soft Prima Stiff Prima
Criterion Valueg Baseline pad ry Pad v

Maximum carbody roll angle (degree) 40 1.0 1.0 1.0
Maximum wheel L/V 0.80 0.23 0.53 0.28
Maximum truck side L/V 0.50 0.25 0.23 0.32
Minimum vertical wheel load (%) 25 62 62 62

Peak-to-peak carbody lateral acceleration (g) 1.30 0.41 0.59 0.25
Maximum carbody lateral acceleration (g) 0.75 0.28 0.44 0.20
Lateral carbody acceleration standard deviation (g) 0.13 NA NA NA
Maximum carbody vertical acceleration (g) 0.90 0.09 0.09 0.09
Maximum vertical suspension deflection (%) 95 33 34 32

Table 36 shows a comparison of hunting simulation predictions for baseline and worn primary

pad simulations. Simulation predictions for worn primary pads meet S-2043 criteria for hunting.
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Table 36. Simulation Predictions of the Buffer Railcar with Worn Primary Pads in Hunting

Criterion L{'/':Iﬂzg Baseline Pr?r:;try P::qlgry
Pad Pad
Maximum carbody roll angle (degree) 40 0.4 03 0.4
Maximum wheel L/V 0.80 0.21 0.22 0.27
Maximum truck side L/V 0.20 0.19 0.20 0.19
Minimum vertical wheel load (%) 25 66 65 65
Peak-to-peak carbody lateral acceleration (g) 1.30 0.40 0.43 0.36
Maximum carbody lateral acceleration (g) 0.75 0.29 0.32 0.27
Lateral carbedy acceleration standard deviation (g) 0.13 0.09 0.08 0.07
Maximum carbody vertical acceleration (g) 0.90 0.24 0.24 0.25
Maximum vertical suspension deflection (%) 95 31 32 30

6.4 Friction Wedges

The wedge rise limit for the Swing Motion® trucks used in the buffer railcar is 1 1/16 inch. Worn
wedge simulations were performed with the wedges at this state of wear in all locations. The
worn wedge condition was checked for limiting spiral, dynamic curving, pitch and bounce, and

twist and roll regimes.

Table 37 shows a comparison of limiting spiral simulation predictions for baseline and worn
wedge simulations. Simulation predictions for worn wedges meet S-2043 criteria in the limiting

spiral regime.

Table 37. Simulation Predictions of the Buffer Railcar with Worn Wedges in Limiting Spiral

Limitin Baseline Baseline Worn Worn
Criterion val 9 Spiral Spiral Wedge Wedge
alue Entry Exit | Spiral Entry | Spiral Exit

Maximum carbody roll angle 40 06 07 05 07
(degree)
Maximum wheel L/V 0.80 0.42 0.51 0.42 0.51
Maximum truck side L/V 0.50 0.23 0.29 0.23 0.29
Minimum vertical wheel load (%) 25 67 64 68 64
Peak—to-peak carbody lateral 130 014 020 013 019
acceleration ()
Mammum carbody lateral 075 010 015 010 015
acceleration (g)
Lateral carbody_aoceleratlon 013 NA NA NA NA
standard deviation (g)
Mammum carbody vertical 0.90 010 010 0.09 010
acceleration ()
Maximum vertical suspension
deflection (%) 9 36 3 36 38

Table 38 shows a comparison of dynamic curving simulation predictions for baseline and
worn friction wedge simulations. Simulation predictions for worn friction wedges meet S-2043

criteria for dynamic curving.
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Table 38 Simulation Predictions of the Buffer Railcar

with Worn Wedges in Dynamic Curving

Criterion Limiting Value | Baseline | Worn Wedges

Maximum carbody roll angle (degree) 4.0 1.0 1.0
Maximum wheel L/V 0.80 0.53 0.52
Maximum truck side L/V 0.50 0.25 0.25
Minimum vertical wheel load (%) 25 62 63

Peak-to-peak carbody lateral acceleration (g) 1.30 0.41 0.47
Maximum carbody lateral acceleration (g) 0.75 0.28 0.33
Lateral carbody acceleration standard deviation (g) 0.13 NA NA
Maximum carbody vertical acceleration (g) 0.60 0.09 0.08
Maximum vertical suspension deflection (%) 95 33 33

Table 39 shows a comparison of pitch and bounce simulation predictions for baseline and

Table 39. Simulation Predictions of the Buffer Railcar
with Worn Friction Wedges in Pitch and Bounce

wom friction wedge simulations. Simulation predictions for worn friction wedges meet S-2043
criteria for pitch and bounce.

Criterion Limiting Value | Baseline | Worn Wedges

Maximum carbody roll angle (degree) 40 0.2 0.2
Maximum wheel L/V 0.80 0.06 0.0
Maximum truck side L/V 0.50 0.05 0.05
Minimum vertical wheel load (%) 25 60 59

Peak-to-peak carbody lateral acceleration (g) 1.30 0.12 0.11
Maximum carbody lateral acceleration (g) 0.75 0.06 0.06
Lateral carbody acceleration standard deviation (g) 0.13 NA NA
Maximum carbody vertical acceleration (g) 0.90 0.65 0.67
Maximum vertical suspension deflection (%) a5 74 79

Table 40 shows a comparison of twist and roll simulation predictions for baseline and worn

Table 40. Simulation Predictions of the Buffer Railcar
with Worn Wedges in Twist and Roll

friction wedges. Simulation predictions for worn friction wedges meet S-2043 criteria for twist
and roll.

Criterion Limiting Value | Baseline | Worn Wedges

Maximum carbody roll angle (degree) 40 1.6 16
Maximum wheel L/V 0.80 0.1 0.11
Maximum truck side L/V 0.20 0.09 0.09
Minimum vertical wheel load (%) 25 69 70

Peak-to-peak carbody lateral acceleration (g) 1.30 0.27 0.27
Maximum carbody lateral acceleration (g) 0.75 0.15 0.14
Lateral carbody acceleration standard deviation (g) 0.13 NA NA
Maximum carbody vertical acceleration (g) 0.90 0.16 0.15
Maximum vertical suspension deflection (%) 95 40 41
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6.5 Broken Spring

The buffer railcar uses four D7 outer springs, four D7 inner springs, four D6A inner-inner
springs, and two 49427-1 load carrying control coils. The broken spring simulations were done

with one D7 outer spring removed from the lead left spring nest to represent a broken or missing
spring. The broken spring condition was checked for limiting spiral, dynamic curving, pitch and

bounce, and twist and roll.

Table 41 shows a comparison of limiting spiral simulation predictions for baseline and
broken spring simulations. Simulation predictions for broken spring meet S-2043 criteria in the

limiting spiral regime.

Table 41. Simulation Predictions of the Buffer Railcar with Broken Spring in Limiting Spiral

. . Broken Broken
- Limiting Bastf.-lme Eass.zlme Spring Spring
Criterion Spiral Spiral i .
Value Entry Exit Spiral Splral
Entry Exit
Maximum carbody roll angle (degree) 4.0 06 0.7 0.6 0.7
Maximum wheel L/V 0.80 0.42 0.51 0.41 0.53
Maximum truck side LV 0.20 0.23 0.29 0.23 0.29
Minimum vertical wheel load (%) 25 67 64 67 63
Peak-to-peak carbody lateral acceleration (Q) 1.30 0.14 0.20 0.14 0.20
Maximum carbody lateral acceleration (g) 0.75 0.10 0.15 0.10 0.15
Latgrgl carbody acceleration standard 013 NA NA NA NA
deviation (g)
Maximum carbody vertical acceleration (g) 0.90 0.10 0.10 0.10 0.10
Maximum vertical suspension deflection (%) 95 36 39 36 40

Table 42 shows a comparison of dynamic curving simulation predictions for baseline and

broken spring simulations. Simulation predictions for broken springs meet 8-2043 criteria in the

dynamic curving regime.

Table 42. Simulation Predictions of the Buffer Railcar with Broken Spring in Dynamic Curving

Criterion Limiting Value | Baseline | Broken spring

Maximum carbody roll angle (degree) 40 1.0 1.0
Maximum wheel LIV 0.80 0.23 0.55
Maximum truck side L/V 0.50 0.25 0.25
Minimum vertical wheel load (%) 25 62 61

Peak-to-peak carbody lateral acceleration (g) 1.30 0.41 0.41
Maximum carbody lateral acceleration (g) 0.75 0.28 0.29
Lateral carbody acceleration standard deviation (g) 0.13 NA NA
Maximum carbody vertical acceleration (g) 0.80 0.08 0.08
Maximum vertical suspension deflection (%) 95 33 49

Table 43 shows a comparison of pitch and bounce simulation predictions for baseline and

broken spring simulations. Simulation predictions for broken springs meet S-2043 criteria in the

pitch and bounce regime.
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Table 43. Simulation Predictions of the Buffer Railcar
with a Broken Spring in Pitch and Bounce

Criterion Limiting Value | Baseline | Broken spring
Maximum carbody roll angle (degree) 4.0 0.2 02
Maximum wheel L/V 0.80 0.06 0.05
Maximum truck side L/V 0.50 0.05 0.06
Minimum vertical wheel load (%) 25 60 58
Peak-to-peak carbody lateral acceleration (g) 1.30 0.12 0.12
Maximum carbody lateral acceleration (g) 0.75 0.06 0.07
Lateral carbody acceleration standard deviation (g) 0.13 NA NA
Maximum carbody vertical acceleration (g) 0.90 0.65 0.65
Maximum vertical suspension deflection (%) 95 74 78

Table 44 shows a comparison of twist and roll simulation predictions for baseline and broken

spring. Simulation predictions for broken springs meet S-2043 criteria for the twist and roll regime.

Table 44. Simulation Predictions of the Buffer Railcar with Broken Spring in Twist and Roll

Criterion Limiting Value | Baseline | Broken spring
Maximum carbody roll angle (degree) 40 1.6 16
Maximum wheel L/V 0.80 0.1 0.12
Maximum truck side L/V 0.50 0.09 0.09
Minimum vertical wheel load (%) 25 69 70
Peak-to-peak carbody lateral acceleration (g) 1.30 0.27 0.27
Maximum carbody lateral acceleration (g) 0.75 0.15 0.15
Lateral carbody acceleration standard deviation (g) 0.13 NA NA
Maximum carbody vertical acceleration (g) 0.90 0.16 0.15
Maximum vertical suspension deflection (%) 95 40 53

6.6 Worn Vertical Dampers

The buffer railcar uses four hydraulic vertical dampers. The worn vertical damper cases were
modeled with one-half the damping rate of a new damper. The worn characteristic was applied at
all four dampers. The worn damper condition was checked for limiting spiral, dynamic curving,
pitch and bounce, and twist and roll regimes.

Table 45 shows a comparison of limiting spiral simulation predictions for baseline and
worn vertical damper simulations. Simulation predictions for worn vertical dampers meet S-2043
criteria in the limiting spiral regime.
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Table 45. Simulation Predictions of the Buffer Railcar with
Weorn Vertical Dampers in Limiting Spiral

) ) Worn Worn
. Baseline | Baseline
o Limiting i . Dampers | Dampers
Criterion Spiral Spiral ) h
Value Ent Exit Spiral Spiral
ry Entry Exit
Maximum carbody roll angle (degree) 40 0.6 0.7 0.6 0.7
Maximum wheel L/V 0.80 0.42 0.51 0.43 0.51
Maximum truck side L/ 0.50 0.23 0.29 0.24 0.29
Minimum vertical wheel load (%) 25 67 64 68 64
Peak-to-peak carbody lateral acceleration (g) 1.30 0.14 0.20 0.14 0.18
Maximum carbody lateral acceleration (g) 0.75 0.10 0.15 0.10 0.15
Lateral carbody acceleration
v 0.13 NA NA NA NA
standard deviation (g)
Maximum carbody vertical acceleration (g) 0.80 0.10 0.10 0.08 0.10
Maximum vertical suspension deflection (%) 95 36 39 36 39

Table 46 shows a comparison of dynamic curving simulation predictions for baseline and

worn damper simulations. Simulation predictions for worn dampers meet 8-2043 criteria for the

dynamic curving regime.

Table 46, Simulation Predictions of the Buffer Railcar with Worn Dampers in Dynamic Curving

Criterion Limiting Value | Baseline | Worn dampers
Maximum carbody roll angle (degree) 4.0 1.0 1.0
Maximum wheel L/V 0.80 0.53 0.53
Maximum truck side L/V 0.20 0.25 0.25
Minimum vertical wheel load (%) 25 62 62
Peak-to-peak carbody lateral acceleration (g) 1.30 0.41 0.41
Maximum carbodly lateral acceleration (g) 0.75 0.28 0.28
Lateral carbody acceleration standard deviation (g) 0.13 NA NA
Maximum carbody vertical acceleration (g) 0.20 0.09 0.08
Maximum vertical suspension deflection (%) 95 33 33

Table 47 shows a comparison of pitch and bounce simulation predictions for baseline and
worn damper simulations. Simulation predictions for worn dampers meet the S-2043 criteria for

the pitch and bounce regime.
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Table 47. Simulation Predictions of the Buffer Railcar
with Worn Vertical Dampers in Pitch and Bounce

Criterion Limiting Value | Baseline | Worn dampers
Maximum carbodly roll angle (degree) 4.0 0.2 02
Maximum wheel LAV 0.80 0.06 0.05
Maximum truck side L/V 0.50 0.05 0.05
Minimum vertical wheel load (%) 25 60 56
Peak-to-peak carbody lateral acceleration (g) 1.30 0.12 0.12
Maximum carbody lateral acceleration (g) 0.75 0.06 0.06
Lateral carbody acceleration standard deviation (g) 0.13 NA NA
Maximum carbody vertical acceleration (g) 0.90 0.65 0.76
Maximum vertical suspension deflection (%) 95 74 94

Table 48 shows a comparison of twist and roll simulation predictions for baseline and worn

damper simulations. Simulation predictions for worn dampers meet S-2043 criteria for twist and
roll regime.

Table 48. Simulation Predictions of the Buffer Railcar with Worn Dampers in Twist and Roll

Criterion Limiting Value | Baseline | Worn dampers
Maximum carbody roll angle (degree) 40 16 1.8
Maximum wheel L/V 0.80 0.11 0.12
Maximum truck side L/V 0.20 0.09 0.09
Minimum vertical wheel load (%) 25 69 69
Peak-to-peak carbody lateral acceleration (g) 1.30 0.27 0.27
Maximum carbody lateral acceleration (g) 0.75 0.15 0.15
Lateral carbody acceleration standard deviation (g) 0.13 NA NA
Maximum carbody vertical acceleration (g) 0.90 0.16 0.14
Maximum vertical suspension deflection (%) 95 40 48

7.0 OBSERVATIONS AND CONCLUSIONS
The buffer railcar met S-2043 criteria for all S-2043 regimes except the truck side L/V criterion in
buff and draft curving. The cases that did not meet were 250,000 pound draft load cases when the

car was coupled between two base cars, or when coupled between the Atlas Cask car and the REV
and traveling at 15 mph. The truck side 1/V ratio for both of these cases was 0.51. The S-2043
criterion for truck side L/V ratio is 0.50 and the corresponding AAR Chapter 11 criterion is 0.60
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Ron Hynes Nichole Fimple
Assistant Vice President Executive Director
Technical Services Rules and Standards

ASSOCIATION OF AMERICAN
RAILROADS
Transmitted via email

February 2, 2018
File 209.240

Subject: AAR Standard $-2043 Initial Design Approval of the Kasgro/AREV A Department of
Energy (DOE) High Level Radioactive Material (HLRM) Buffer Car

Mr. Rick Ford

AVP Mechanical & Utilization
Kasgro Rail Corporation

121 Rundle Road

New Castle, PA 16102

Dear Mr. Ford:

The AAR Equipment Engineering Committee (EEC) has completed the §-2043 Initial Review of
the DOE HLRM Buffer Car. The initial design is hereby approved, and all parties involved are
notified to proceed with the test requirements of 8-2043. Approval was based on completion of
the following requirements:

Struetural Analysis
Nonstructural Static Analysis
Dynamic Analysis

Brake System Design

Railcar Clearance and Weight

There was no mention of System Safety Monitoring in the submission, but EEC understands that
this item will be addressed as the Multiple Car Test phase approaches.

If you have any questions or need additional information, please contact Mr. Jon Hannafious of
our Transportation Technology Center, Inc.. subsidiary at jon_hannafious(@aar.com or (719)

584-0682.
Sincerely,
Lielee s : ///f
Nichole Fimple
NF/jsh
cc: David Cackovic

Mark Denton, AREVA
Equipment Engineering Committee

Association of American Railroads
425 Third Street, SW, Suite 1000, Washington D. C. 20024, (202) 633-2138 FAX No. (202) 639-2179
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