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Purpose of The Presentation

e
Wishlist:

= Cooperation between AREMA and AASHTO
= Implementation in AASHTOWare (BrR)

A EMA

MANUAL FOR RAILWAY

ENGINEERING -

AASHTOWare

Br ;! Bridge 4

PAVPAS
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U.S Railroad Bridges

Overview:

= Inventory of Railway bridge by state not available State | Route Miles
Texas 10370
= Railway route milage-Indication of Infrastructure density-Likely number of bridges Ilinois 6768
= The United States has approximately 140,742 route miles of Pm;;zm :{2;:
railroad infrastructure. Texas leading by 10370 route miles. Califomia 0
Kansas 4914
- Georgia 4636
E Minnesota 4617
Indiana 3925
| % Towa 3870
Montana 3588
% Nebraska 3466
% % % Missouri 3348
g 2 North Dakota 3166
g - 8 Michigan 3081
Wisconsin 2952
Florida 2935
= North Carolina 2876
Washington 2835
_ _ Virginia 2802
LR R SRR B LR b I EER PR RS RERRR SRR E New York 2777
=5 = E7= g2 7o T=7=3 E s 3 2§58 1%

S Engineers

State Route Mile Bar Chart



Railway versus Highway Bridge

Manual:

= AREMA for both Design and evaluation of Railway bridges
= AASHTO for Design and MBE for Evaluation

AMSOUICAN ARSOTUSTN
wr STATE HIDHNEY v
TRANSS ORTATION O F¥

AASHID

A EMA

MANUAL FOR RAILWAY
ENGINEERING

2026

BRIDGE EVALUATION

3rd Edition « 2018

2020 Interim Revisions

%aV I Engineers



Railway versus Highway Bridge

Vehicles :

Highway vs Railroad Bridge

Highway Engineer Railroad Engineer

Can this bridge car
a 40- fon truck’

Can it carry three Iocomotlves
and a15,000-ton freight train?"

%aV I Engineers



Railway versus nghway Brldge

Vehicles :

= HIL-93is to highway bridges what Cooper E80 is to railroad bridges. Both are baseline
conservative vehicles.

= Similar comparison could be made to the rest of the listed of vehicles. Passenger and
Fright for trains and Legal and Permit for highway vehicles

VEHICLE TYPE VEHICLE TYFE
AREMA Cooper E-80 HI 93
F40PH (280K) Modified TYPE 3
286K Rail Car
HSP-46 (296K) Locomotive TYPE 352
315K Rail Car SU4
ES44AC

APPENDIX C6A—LRFD DESIGN LIVE LOAD (HL-93)

2 4 8 8 ; g 2 8 8
g £52L5 44 345 g 2E£5% 45 54 (LRFD DESIGN ARTICLE 3.6.1)
S BEESE g:gg ; 2EE% g:o8g
s 8888 gy gy g 8888 88 88 s ‘ 2 -
AAIAIAY, \ INDICATED CONCENTRATIONS ARE
Tr-o- 50|50 |50r| 90r 60" |50 o#T&-o- 50°|50°| o0 50| 60 |50 |50 . 140 + 140°TO 300" | ARLELOADS [ fops
e o, ! DESIGN TRUCK = 72 kips (36 tons)
AREMA COOPER E-80 LOADING 28.0'TO 4.0 |
LIVE LOAD IN LBS. PER AXLE i t ! ] ! | -ﬁl
) L 1 i l [ l ; l ] ;  DESIGNLANELOAD =064 I

RATING IS EXPRESSED IN AXLE LOAD (KIPS) [§ 1
PROPORTIONAL TO COOPER E-80
%aV I Engineers




Railway versus Highway Bridge

Method of analysis _
= Allowable Stress Method (ASR)- RR bridges \ - |
= ASR, LFR, and LRFR for Highway bridges

wlﬂ

= Flexure & Shear : Applicable for Highway and RR ' \ i
bridges 4 e \¢ l

= Fatigue : Applicable for both but primary consideration »
for railway bridges due to heavy repetitive loads e =% St o

%aV I Engineers



Railway versus nghway Brldge

Load Rating Railway brldge

= Rating analysis is performed under Normal and Maximum loading condition

= Normal and maximum are subdivided into Standard and Modified

= Modified rating includes wind load, longitudinal load and lateral forces in addition to Dead load and

live load
Load Ratings:
MNormal Rating Equations: {Only including Dead, Live, Impact and Centrifugal Forces)
: MOMENT SHEAR
Rating
RF = MCAF‘ ~ MDL RF = VCAP - VDL
| I MLL+MI + MCF VLL+VI+VCF
Normal Maximum Per Ch. 15, Sect 7.3.3.8.d,e "The rating stresses shall be checked for longitudinal force combined with wind force, lateral force
from equipment and, where appropriate, the provisions related to bracing between compression
‘ ‘ I | members."
n “When the forces (above) are combined with dead load, live load, impact load, and centrifugal
Standard Modified Standard Modified force, the allowable stresses may be taken as 1.25 times those otherwise recommended by the
rating."
Modified Rating Equations: {including Wind, Longitudinal, and Lateral forces)
MOMENT SHEAR
1.25Map - Mo 125V cap - VoL

RF 00 =

My + M+ Meg + Mye + Moy + Mar

RFyop =

Vi + V) + Ve + Ve + Vg + Viar

Engineers




Railway versus nghway Brldge

Load Rating nghway brldge
= Highway bridges mostly uses dead load and live load
= Trucks are categorized into Design, Legal and Permit

|

DEEign LEgﬂl Permit

| |

Inventory Operating

Rating

%aV I Engineers



Railway versus Highway Bridge

] o |
(o
A\ freight cars. ‘
¢

J—_

I X

Posting [i‘

" Railroad bridges are usually not posted with siPns
Instead; restrictions are controlled operationally
through communication.

= When a highway bridge has insufficient capacity, sign
will be posted




Sample Bridge:

Client and Bridge Location

= Needham MA

= Massachusetts Bay Transportation Authority MBTA
(MBTA)
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Sample Bridge

Bridge Type and Geometry

Two Girder system
Simple span

Span length 41’-2”
Bridge width: 17°-5”

i
— Sedfarm ?

K __D.--:rgn:ﬂ:! i 7
S |
. T
S
|~ I
P ——
/

-,
L rme Siageereis—

BRIDGE CROSS SECTION
(N.T.S.)

— SALY. CONDUIT 80X

¢ WEST GirpER

' EAST GIBDER

|

| 5'-9" _e-o" ‘L 59"
3

~
-
|0 ntnzéta' 1
N e w1 ,
! [ @ { “m — HANDRAL
12 GALV. ! e POST
| S STEEL SRATING ) L 2% x 2be2
| 5 i 22+22+8
[L__] /| -o122™ RE RANL ——y |
'ﬂ’i‘_’t\" néx - o ...._._—: . ﬁr—vﬂ——ni——q‘ 2.
e —— g o
" ' HlE S L3x3xg Tt ,.ljj ;l:a x ;S.J.'.'FFENEE
o ; TYPICAL Xy’, oy ‘
v “ o WEB R 'z x 48
o
ey
4 3, - 7r 2m)
< /-2'_2)-5-4lvﬁ-,:_65__
] i ¢

WA\ RdassaasiaTEE)
N-R§ xi5x380L (TeB)

LJ Ll
TIMBER TIES@ 14" S.C. : il
—RAxI5x22!9(TgB)

LTERNATE,SEE PLAN.

— DIAGONALS OPPOSITE HAND
EACH AD_/ACENT DIAPHRAGM

EACH GIRDER TYPICAL

SKETCH OBTAINED FROM
1989 INSPECTION REPORT
PREPARED BY ANDERSON-
NICHOLS & CO,, INC.
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Force Effect

Dead load

= Self-weight and Superimposed dead loads
* BrRInput

Girder Dead Load (Self Weight)

Dead Load Summary Vsteel = b/t Steel unit weight
Applied Load Summa w L
B L4 Section Ae u
(in2) {Ib/ft) {Ib/ft) (Ib/ft}
Section’ 1 71.97 244.89 257.13
Load Type 1 2 3 2 90.72 308.69 324.12
w(Ib/ft)  w(lb/ft) w (lb/ft) 3 109.47 37249 | 39112
Track 100.00 - - F\
Ties (cong) 0715 | : swersge -/ e ) N £
Ties (Short) 76.52 - - - S
Spacer 6.22 - - Pedestrian load: | I /ft
Stiffeners 12.12 - -
Cross and Lateral Bracing] 29 94 _ B Unifarm Distributed Concentrated Settlement
Walkway 29.40 - -
Railing 20,00 - - Load case Uniform load WS field -
Span Kin/ft 4 Description
Electrical Conduit 15.00 - - name (kip/ft) measure
Total (Morth Girder) > DL ~ | AllSpans 0.396 Dead Load
Total (South Girder) | 298.32 WL v | AllSpans 0338 Wind Load
SW ~ | All Spans 0.343 Self Weight
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Force Effect

Wind load:

200 Ib/f
—
]
= Wind load on Train : Applied 8 ft over the rail
. . [
= Wind load on Girder W W ©
' 5 -0"
— 3 IR
4 1 1
7.3.2.5 Wind Force — -
a. The wind force shall be considered as a moving load in any horizontal direction. Wind force on the train shall be taken -
as 200 Ib per linear foot on one track applied 8 feet above the top of rail. Wind force on the bridge shall be taken as 20 %‘
Ib per square foot of the following surfaces: i '_"
o4
(1) For girder spans, 1.5 times the vertical projection of the span.
: . S £ pY
(2) For truss spans, the vertical projection of the span plus any portion of the leeward trusses not shielded by the floor |
system.
(3) For viaduct towers and bents, the vertical projections of all columns and tower bracing. Fevie Reme

%aV I Engineers



Force Effect

Wind load: On Train

= 0.50 ft
a= 5.00 ft
d= 6.00 ft
h,= 8.00 ft
he=| 7125 |in
hyee=| 10,50 |in
H= 8.47 ft

thyr = Wiind srain® H /a

o375 Jir

Ringz = (e (d—x+%)—

kit trzin =- Ib/ft

CL Left Girder to CL Left Exterior Track
Track gauge
CL Girder to CL Girder Spacing

Height of lateral wind force above the top rail (AREMA 15-7.3.2.5.a)
Height of Rail type 132 RE {Arema Standard Rail)
Height of timber ties {2025 Inspection Report)

Height of lateral wind force above top of girders

Lateral wind force acting on the train (AREMA 15-7.3.2.5.a)

Equivalent wind force acting on bridge from lateral train wind load
a
WWF*{d_x_E}”d
Wind force acting along the full length of the girder

Equivalent vertical line load acting on one girder from the lateral train wind load

200 Ib/ft

re)
W W @
| -
X a b4
1
i
oL ]
=
} o —
8
S E4 pl
i
Rivin Remonx

X —
!

ww F

L

A3
oY

Longitudinal Girders

Engineers



Force Effect

Wind load: On Girder

Lateral Wind Force (Cont.)

Lateral Wind Force on the Bridge

Cover Plate Depth (D) Lengthl (1 oL
(in) {ft) (ft’)

1 49.50 11.08 45.7

1,2 50.75 7.33 31.0
1,2,3 52.00 22.75 98.6

(1) Lengths are calculated from the physical cut-
off points, not the calculated theoretical cut-off

points.
¥»D=x*L
Dg = =
G YL 4.26 ft
Sg= 6.00 ft

Uhying, brigge =| 20,00 |Ib/ft®

Whst braze = Wiing, prgge (1.5 * D2 -

T

Total Lateral Wind Force

Whar = Whzy prgin T Whag brigge

oo

Weighted girder depth

Girder spacing

Lateral wind force acting on the bridge

De/2) * 1.5%Dg / S

O
1.5DG

(AREMA 15-1.3.6.a)

Equivalent vertical line load acting on one girder from the lateral bridge wind load

Total equivalent vertical load acting on one girder from lateral wind loads

Pedestrian load:

Uniform Distributed

Load case
name
> | DL
WL
SW

Ib/ft
Concentrated Settlement
Span Uniform load
P {kip/ft)
| AllSpans 0.296
| AllSpans v 0338
~ | AllSpans 0343

20 Ib/fe

200 Ib/ft -
- i
B
Wir e o
i g
—--T 2 IT-—-—
)
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Force Effect

Impact

= Vertical Effect: Percentage increase to the live load
= Rocking Effect: Vertical force couple 20% of the wheel load downward on one rail and upward on the other.

Impact: (For Open Deck Bridges)
Per AREMA Ch. 15, Sect. 1.3.5.a: “Impact load... shall be determined by taking a percentage of the live load specified in

Article 1.3.3 and shall be applied vertically at top of each rail."

Impact Load due to Rocking Effects:

Per AREMA Ch. 15, Sect. 1.3.5.d: " .. RE shall be calculated from loads applied as a vertical force couple, each being 20

percent of the wheel load without impact, acting downward on one rail and upward on the
other."

%aV I Engineers



Force Effect

Impact: Vertical

Impact Load

Base Impact Load I = I * I?‘Edl-[l:'ﬁﬂ'ﬂ

Lﬁzft Girder span length (CL Bearing to CL Bearing) I _ 35 -EE%
ﬂ] - []

2

;= 40_%’ L<sofe leg=| 35.64%

16+ o0 L280ft = 32.11%
lo=| 26.22%
lo=| 17.97%

[ oa ]

Impact Load Reduction Factor

Sep=|  60.00  |mifhr Train speed

Sep=| 50,00 |mi/fhr Train speed reduced to 50 mph due to low rating I]_l}l — ?.35%
S,=| 40.00 |mifhr Train speed reduced to 40 mph due to low rating

Ssp=| 30,00 |mifhr Train speed reduced to 30 mph due to low rating

Syp= 20,00 |mifhr Train speed reduced to 20 mph due to low rating

S;p=| 10,00 |mifhr Train speed reduced to 10 mph due to low rating

0.8
lreduction = Max {1 " 2500 (60— 5)2, IF (5 < 60 mph)
lreduction, 0= 1.000 3
legucrion, s0=|  0.968
lieguction, 30=]  0.872
lieducrion, 20=|  0-712
legucrion, 20=]  0.488

Lt 070200 %4V B Engineers



Force Effect

Reaction With Rocklng. 20% of wheel load without |I'I'1|:}EC|:JI actlng downward on one rail and UpWEId on the [AREMA 15—1.3.5.d}

. other. The additional 20% is positioned on the right side of each rail to maximize the reaction load.
= Due to Rocking Effect

Ry = (0.8 Py (X) + 1.2 Py * (x +a)) / d

= Total Impact

Bmex=| 117 [P,
X=| 050 |ft CL Left Girder to CL Left Exterior Track Percent increase due to Rocking Effect
a=| 5.00 |ft Track gauge =| 16.67%
d=| 600 |ft CLGirder to CL Girder Spacing .
Reaction Without Rocking: Combined Impact Load

R=(LOPy+(x)+L0Py +(x+a))/d

oep 120 Iy se=

Impact load increase for open deck structures

Reduced Speed (50 mph) Impact load increase for open deck structures

Iy 4= Reduced Speed (40 mph) Impact load increase for open deck structures
& sar - g = )
Iy 30= Reduced Speed (30 mph) Impact load increase for open deck structures
l ‘ Iy 20= Reduced Speed (20 mph) Impact load increase for open deck structures
Iy 0= Reduced Speed (10 mph) Impact load increase for open deck structures
6
M Member Alternative Impact / Dynamic Load Allowance  — (] X
e — Standard impact factar
For structural components where impact is to be included per
oz AASHTO 3.8.1, choose the impact factor to be used:
50
" X » Standard AASHTO impact: | =
P P L+125
RE RE 8
5‘00 ﬂ Modified impact: times AASHTO impact
o Constant impact override:  33.3 %
LRFD dynamic load allowance
|1 D -| Fatigue and fracture limit states:  15.0 %
Rmin Rmax All other limit states: 330 %

%aV I Engineers

oK Apply Cancel



Force Effect

= Braking
= Traction

Longitudinal Loads:

Per AREMA Ch. 15, sect. 1.3.12: The longitudinal force for E-80 loading shall be taken as the larger of the force due to braking or the
force due to traction.

"For loads other than E-80, these forces shall be scaled proportionally. The points of force
application shall not be changed."

Force Due to traction:

Force Due to braking:

Fanc= 45 +1.2L Frac = 25(L)"*
T Ferk T
8 ft Jft

‘ '

%aV I Engineers



Force Effect

= Force due to braking controls

Longitudinal Force

The longitudinal force due to braking only applies to engine cars. As a result, this force is not considered for the 286K and 315K Rail Cars. Equivalent Axle Force Equations

= 4117 |ft Girder span length (CL Bearing to CL Bearin
L P gth ( g g) TPaxie # %)

Engine load centroid

f =
P
M _ 8ft«(45+1.2L) Moment due to braking (AREMA 15-1.3.12.a) % Faxte
braking, E-80 — MU \)’_ i
3 ft *25VL Moment due to traction
dy=X—x Distance from axle to engine load centroid
(X Paxie)vehicie (AREMA 15-1.3.12.a)

Mpraking, scated = Mbraking, E-80 * 5P
(E uie)Coapsr E—-80

Braking Force

Foaing=| 94.40  |kips AREMA 15-1.3.12.a 5=— ] )
T ° { ]I dy Equivalent braking moment factor
Mpapng = 795.2 |k-ft (AREMA 15-1.3.12.a)

Traction Force

v

Pbmking,aqu[’v. =73 Equivalent braking moment as vertical axle load
Fracion =| _160.40  |kips (AREMA 15-1.3.12.a)

Mypaion =| 48121  |k-ft (AREMA 15-1.3.12.a)

Braking Moment

Meeaiing = 755.20  |k-ft/train Maximum longitudinal braking moment

Meraping = k-ft/engine Divide by 2 for 2 engines per train

Engineers



Force Effect

Longitudinal Load

= Equivalent axle load

C.G. of Engine 2 "—PL 24.62 ft >i
P, P Py P, P : [ [ P; P
S S 4ok 80k B0k 80k 80k: 53k 57k 52k 57k
g B £ 22 44 55 g L8582 534 84 ] |
g 8888 sgs8 g 8888 g8 8s8 4ot |
= 8 8 8 8 e o9 = 8 8 8 8 o o o oo 1 | 1
b =4 nw v v o ooou.pulmnoo« M M @ P,
LOROP. 000010000 pppo e ., Y8 o »s
80" |5-0%|50° 50" 9'0" 5'0°| 60" |5'0°| 80 80" |5-0°|5-0°|5-0" ¥-0° 5.0%| 60" |5'.0° |50

P
’ 9953599 L L xll
953 14010
AREMA COOPER E-80 LOADING - ({) i é Q O O i é

LIVE LOAD IN LBS. PER AXLE Engiﬁg 1 Engine 2
RATING IS EXPRESSED IN AXLE LOAD (KIPS)
PROPORTIONAL TO COOPER E-80

Determining Engine Axle Loads Due to Longitudinal Force

Mpraking = k-ft/engine Cooper E-80 engine braking moment Axle Load P, = (Moment M *d )}/ lo system (whole Engine Wheei)
r3 e * 2
Axle Load X Load * x d; dy I ofwhote wheeis = | orwwheels + A*d
(k) (ft) {k-ft} (ft) {ft’) | ofWhale wheels =2 d? (Ignoring Area Aand | )

1 40.00 0.00 0.00 23.38 546.64
2 80.00 B.00 640.00 15.38 236.55
3 80.00 13.00 1040.00 10.38 107.75
4 80.00 18.00 1440.00 5.38 28.95
5 80.00 23.00 1840.00 0.38 0.14

6 52.00 32.00 1664.00 -8.62 74.30
7 52.00 37.00 1524.00 -13.62 185.50
8 52.00 43.00 2236.00 -19.62 384.93
9 52.00 48.00 2496.00 -24.62 606.13

23 i 1 27089 Jre Engineers



Force Effect

Longitudinal Load
=  BrR Vehicle definition

BRAQS B o v eickPin v

EB0-Longitudinal-(8PB)

Vehicle Plan

6/13/20252:51:54 PM

= = = = = e e e O e Y e N e [ e [ e N e = = = =

N
0

= = = = = e e e e Y e Y e [ e [ e B e e e I e R e

BI_UIF 5!_0" 5!_0! 5!_0" gl_[}ll 5!_0“ GI_GI\ 5I_0II BI_DIF SI_OII 5l_0lf 5l_0lf 5l_0lf gl_{]ll 5l_0lf BI_[]II 5I_0l|

.

Ade1  Axe? Axled Axied Axesd Ade6 Axie7 Axie8 Axe9  Axie10 I 11 Axle 12/Axle 13 Axle 14 le19/Axle 16 Axle 17 Axlg 18

Name: [E80-Longitudinal-(8P8)

E&0-Longitudinal-(8P8)
Description:

Truck  Tandem Lane

Axle Gage cm
Adeno. | load dist, o
(kip) ) B
g 407 6.00 5.0000
2 268 600 50000
3 181 6.00 50000
4 094 6.00 50000
5 007 6.00 50000
A -150 AON SN
7 .237 6.00 5.0000
8 341 6.00 5.0000
9 428 6.00 5.0000
10 407 6.00 5.0000
1 268 6.00 5.0000
12 181 6.00 5.0000
13 094 6.00 50000
14 007 6.00 50000
15 150 6.00 50000
16 237 6.00 50000
17 341 600 50000
18 428 6.00 50000

Axle
spacing
()

Minimum

800
5.00
5.00
5.00
ann
500
6.00
5.00
800
800
500
5.00
500
9.00
5.00
6.00
500|

Maximum

8.00
5.00
5.00
5.00
ann
5.00
6.00
5.00
£.00
8.00
5.00
5.00
5.00
9.00
5.00
6.00
5.00
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Force Effect

LlVe Load Truck Tandem Lane
< C E80 Axle Gage s gp::Iieng
Ooper Axle no. load dist. c:{::i [ft)
{kip) i .
A Ty (in) Minimum Mazimum

= BrR Vehicle definition 0 | wm| o om —
2 80.00 600 20,0000 B.00 8.00
3 80.00 6,00 20,0000 5.00 5.00
; § 3 § 3 y s . . 4 § § 3 . R 4 80.00 6.00 20,0000 500 5.00
b § § § § £ 8 2 8 8 § § § § g2 2 2 % 5 80.00 6.00 20,0000 5.00 5.00
§ § § § § § § § § § 6 52.00 6,00 20,0000 9.00 200
3‘ 8 8 8 8 b ] “N, s‘, ,,N, o 8 8 8 8 > ] g S 8 sooot:s per linear foot 7 5200 600 20.0000 5.00 500
Y A 8 52.00 600 20,0000 600 600
T&-o' 50|50 |500| 900 |50 6207 |8 urTe-o' g0 |50 6200 |5207 | 5200 b 5200 Ly 200000 500 500
10 40,00 8.00 20.0000 500 200
1 8000 500 20,0000 8,00 800
AREMA COOPER E-80 LOADING n | ww|  ew oo 500 500
LIVE LOAD IN LBS. PER AXLE s 8000 600 200000 30 200
RATING IS EXPRESSED IN AXLE LOAD (KIPS) 1 8000 600 200000 5.00 500
PROPORTIONAL TO COOPER E-80 = e o 200000 00 00
16 52.00 6,00 20.0000 5.00 5.00
17 52.00 6,00 20.0000 6.00 600
Cooper EB0-With Distributed Load 18 52.00 6.00 20.0000 5.00 5.00
Vehicle Plan 19 2.00 6.00 4.0000 5.00 500
112712025 6:11:43 PM 20 200 600 40000 100 100
21 8.00 6,00 4.0000 1.00 1.00

O ooUd Jo oo O oobod oo » 2o aonl anoon| on 1oal

[ [

OO0 0O O OO0 O o O O O OO -
80" Tn- 50" | 50" Tn‘ L5 8 80" SI-OTMTM 90" TUT UT wT 111
Ax [- Il [« Ax I- I' ’[' Ax 6 Axe 8 A

le 1 le 2 le Axie10 Axle 11 Axle 12 Axle 13 Axle 14 e 15 Axie 1
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Force Effect

BrR Output

= Dead Load
= Wind load Cooper E-80
= Live load and Longitudinal load Live Load Long. Load
Location |pg
: oment Moment
Wind Load Shear (k) Shear (k)
Dead Load (k-ft) (k-ft)
Self Weight | Dead Load (North) | Dead Load (South) |  Total (North) Total (South) Wind Load 0
Location | poment Moment Moment Moment Location
Shear (K shear (k Shear (K shear (k Shear (K
I orrent| shear (i | MOment | shear 9| MOMent | shear (| Moment | shear (9 ear (K) Shear (K) 2.17
0 0 6.78 0 7.85 0 8.16 a4.12
217 14.13 6.24 1614 | 702 | 1677 7.3
412 25.82 5.76 29.08 6.28 30.23 6.53 2.54
4.75 29.44 5.61 3763 | 574 34.3 6.27
5.54 32.77 541 5079 | 478 | 3811 | 5.96 8.04
8.04 6.33 .63 5171 | 471 | 5278 | 497 .93
8.23 17.22 157 5612 | 434 | 5374 | 489
9.01 51.53 2.27 65.77 3.38 58.33 4.51 9.21
1067 | 5736 3.72 5674 | 3.27 | 64.49 3.93
1171 | 6103 3.33 6786 | 3.14 | 68.36 3.52 11.71
12 61.98 3.22 73.73 232 | 6936 3.4 12
1235 | 63.09 3.09 7756 | 157 | 70.53 3.26
14.5 68.86 2.28 80.79 0 76.63 2.41 12.35
1647 | 7263 154 7756 | 157 | 8061 163
18 7455 0.97 7188 | 261 | 8264 1.02 14.5
2058 | 75.81 0 6786 | 3.14 | 83.97 0 16.47
20.58
24.7

Note: Longitudinal Loads are divided by 1.535 to remove impact. AI Engineers



Force Effect

AREMA

SECTION 1.15 LIVE LOAD MOMENTS, SHEARS AND REACTIONS

1.15.1 TABULATED VALUES FOR SIMPLE SPANS (2003) R(2022)
LL Wlthout lmpaCt f Or Comparlson For the maximum moments, shears and pier (or floorbeam) reactions for Cooper E 80 live load (Figure 15-1-2)

or alternate live load (Figure 15-1-3) refer to Table 15-1-15.

Table 15-1-15. Maximum Moments, Shears and Pier (or Floorbeam) Reactions for

Cooper E 80 Live Load or Alternate Live Load (Rounded to 3 Significant Figures)
All Values are for one rail {one-half track load) I
Span Maximum Maximum Maxl m:li::hears Maximum
Length Moment Qul'::;r:e F::int Pier Ei:;mon
Ft Fi—Kips Fe-Kips At End At E;::‘" At Center 2)
E-80 Alt. E-80 Alt. | E-80 | Alt. | E-80 | Alt. | E-80 Alt. E-B0 | Alt.

b1 50.0 62.5 ars 48.9 40.00 50.0 20.0 25.0 40.0 a0.0 1
;] 60.0 75.0 45.0 56.3 468.7 HB.3 30,0 1.5 20.0 25.0 53.3 583 1
7 T0.0 /7.5 6.0 68.8 514 64.3 314 39.3 20.0 25.0 62.9 T14 l
8 20.0 100 T0.0 a87.5 55.0 68.8 350 43.8 20.0 25.0 70.0 813 1
9 93.9 117 5.0 106 a7.6 72.2 ars 47.2 20.0 25.0 75.8 88.9 1
10 113 141 100 125 60.0 75.0 4000 50.0 20.0 25.0 #0.0 95.0 1
11 131 164 115 144 65.5 77.3 41.8 52.3 21.8 273 #7.3 100 l
12 160 188 130 163 70.0 | 833 | 433 | 54.2 23.3 29.2 93.3 108 1
13 190 213 145 181 738 | BB5 | 446 | 558 | 2486 30.8 98.5 115 1
14 220 250 165 200 7.1 929 471 57.1 25.7 321 104 121 1
16 280 a25 210 250 85.0 100 h25 62.5 275 M4 114 131 l
18 340 400 255 319 93.3 111 | 56.7 | 68.1 28.9 36.1 121 139 1
20 413 475 300 363 100 120 60.0 72.5 28.7 37.5 131 145 1
24 570 669 420 500 111 133 70,0 83.3 318 41.7 148 154 1
28 731 866 555 650 121 143 | T7.1 | 929 34.3 46.4 165 1
32 a11 1060 693 BOO 131 150 83.1 100 37.5 50.0 182 1
36 1100 1260 852 950 141 156 889 107 41.1 55.6 199 1
40 1310 1460 1010 1100 151 160 | 93.6 110 44.0 60.0 216 1
45 1600 1710 1230 1290 163 164 100 114 45.9 64.5 237 1 ’
A 14NN 1aan 147N 1480 174 108 118 AQ T Ban R A~ [ ] AI Englneers



Capacity

Allowable Stress Capacity

AREMA AASHTO (Section 10 article 10.32 & 10.48)

COMFRESSICON FLANGE ALLOWREBLE

Capacity Equations
P2 t? a IF full lateral support THEN
Fb = B1*Fy*R
- ELSE
Mormal Maximum IF unbraced cantilever THEN
Force Cb = 1.0
(AREMA T15-1-11, AREMA A1.1.4.1) (AREMA T15-7-2) FLSE
Cb = 1.75 - 1.05%(M1/M2) + .3*(M1/M2)~2 <= 2.3
2 : i ti = i
. c ) U.55f;,2 1 2 F ok K *FJ_. i (note: a positive M1/M2 => single curwvature)
exural Lompression F,=055F, ————*|— == % T ge109 i o 81,000, 000*Ch*Iye I~ J { d)=z]
6.3m°E \n, -0X Ty Fb = 5 s -
= e QRT|0.772 === + 89.87(--] |*R <= Bl*Fy
F3 * Sxc * Lb 1_ Iyc {Lb) _|I
Flexural Tension F. = []_5555? F.=K where FS = 1.32 (inventory)
= 1.34 (operating)
where, R = hybrid reduction factor (10.40)
Shear F, = 0.35F, F, = 0.75F,
TENSION FLAENGE ALLOWHABLE

IF there are holes in the flange THEHN:

Fb = min(B1*Fy* ((Lg*)/Ag)*R, B2Z*Fu*kn/Lg)|
ELSE

Fo = B1*Fy*R

B1, inv = 0.550
B2, inv = 0.500
Bl, op = 0.750
B2, op = 0.670

HWeb allowaeble, Fv = .33*Fyuw

Engineers



Capacity

= AREMA AASHTO

COMPRESSION FLANGE ALLOWABLE

" H L]
South Girder @ Midspan (20.58') Lozd Load Flemure i Mnid 12 By
Group Comb Type Component Bl B2 R (kip-ft) (kip-fr) (kip-ft) b {kai)
ry : in Radius of gyration about the y axis Inventory 1, IV, MEX Pos Top Flange  0.33 0,30 1.000 2370.4 2397.3 2308.2 1.000 16.50
Inventory 1, TNV, MIN Pos  Top Flange  0.35 0,50 1.000 293.2 300.8 2877 1.000 16.50
Operating 1, 0BG, MRX Pos Top Flange  0.75 067 1000 2370.9 2387.2 2308.2 1.000 22.50
_ Operating 1, 0P, MIN Pos Top Flange  0.7% 0.67  1.000 299.2 300.9 28,7 1.000 22.50
Mormal | Maximum
Force )
pst TENSION FLANGE ALLORAELE
E
c Load Load Flexure in Ig g Fu ™
Ft Group Comb Type Component Bl B2 R {in*2) (in~2) {in"2) {kai) (kai)
Fv Inventory 1, INV, MEX Pos Bot Flange  0.55 0.50  1.000 16,50
Inventory 1, INV, MIN Pos Bot Flange  0.35 0,50 1.000 16.30
Operating 1, 0BG, MEX Poz Bot Flange  0.75 0.67  1.000 22.50
Operating 1, 0BG, MIN Pos Bot Flange  0.75 0.67  1.000 22,50

Web alloweble, Fv = .33#Fyw = 9.80 (ksi)
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= AREMA

Rating Equations

RF

RFppaified

_ faapﬂciry - fDL
fun ¥ fi+ fer

1'25fcapacity - fDL-

foo ¥ i+ fer + e + fwr

South Girder, Point 5 @ 20"-7"

Midspan

(AREMA 15.7.3.2.8.e)

Rating: Moment

S, srem, e =| 211235 [in?

Sy s = 211235 [in®

vehicle Mormal Maximum Rating
RF RF odified RF RFpiodrea | NOrmal Maximum
E-BO 1.28 1.54 1.90 2.27
F40PH 2.62 3.03 3.88 4.48
286K 1.71 2.07 2.54 3.06
HSP-46 2.56 2.99 3.79 4.41
315K 1.62 1.97 2.40 2.90
ES44AC 1.67 1.99 2.47 2.594

Feap, moment, bottom, norms =| 16305 |Ib/in® Fesp, moment top, norms = 16500 |Ib/in® Feap, shesr, noma = 10500 |Ib/in?
feap, moment, bottom, max =| 23716 |Ib/in® Feap, moment 1op, max =| 24000 |Ib/in® Feap, shear, max=| 18000 |Ib/in?
Stress Summary: Moment
Vehicle Mo, fIJL,n fl:ll.,g e fLL+I-H:F,n fLL+I+CF,g M.r fLF,n fLF,g Moye fWF,n f'ln.I'F,g
(k-T) psi psi (k-ft) psi psi (k-Tt) psi psi (k-ft) psi psi
E-80 159.80 807.80 907.80 2116.41 | 12023.06 | 12023.06 36.24 205.86 205.86 71.61 406.81 406.81
F40PH 139.39 791.86 791.86 1036.50 | 5888.23 | 5888.23 22.72 129.06 129.06 71.61 406.81 406.81
286K 139.39 791.86 791.86 1582.31 | 8988.91 | 8988.91 0.00 0.00 0.00 71.61 406.81 406.81
HSP-46 129.39 791.86 791.86 1058.83 | 6015.08 | 6015.08 17.69 100.49 100.49 71.61 406.81 406.81
315K 139.39 791.86 791.86 1672.28 | 9500.02 | 9500.02 0.00 0.00 0.00 71.61 406.81 406.81
ES44AC 139.39 791.86 791.86 1624.93 | 9231.03 | 9231.02 23.81 135.24 135.24 71.61 406.81 406.81
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AASHTO

INPUTI:
Stage 1 DC Moment = 159.8 ({kip-£t)
Stage 2 OW Moment = 0.0 (kip-ft)

Note: If the capacity has been overridden, the Resistance is computed as override phi*owerride capacity.

Otherwise the Besistance is computed as per the Specificaticon.

Allowable Stress Flexure Rating Calculations

R11 Stages: C - RA1*(fDC + £fDW)
RF = =cmmmmeeceoeeee——— 6B.4.1-1
Component [ 5 Fy A2*fLL { ) Al a2
{im) {in~3) (k=si)
Top CP 3 26.000 -2112.35 30.00 where, 1.00 1.00
Bot CP 3 -26.000 2112.35 30.00
C = Capacity flange stress
Section Type: Noncomposite £DC = Stage 1 dead load flange stress
Top Flange Continuously Laterally Supported: No fDW = Stage 2 dead load flange stress
fLL = Stage 3 live load flange stress (including impact)
Compcnent: Top CP 3
Bdj. Bdj.

Load Vehicle Type 1L LL L1 nZ fOL1 fDL2 fLL fLL fR fR (Owerride) RF Capacity

(kip-ft) {kip-ft) (kai) (kai) (ksi) (kai) (kai) (ksi) (Ton)
Inventory 1 Pos 2118.4 -— 1.00 1.00 -0.91 -0.00 -12.02 -— -1&.50 - 1.297 1011.58
Inventory 1 Pos 0.0 -— 1.00 1.00 -0.91 -0.00 -0.00 -— -16.50 - 99.000  77220.00
COperating 1 Pos 2118.4 -— 1.00 1.00 -0.91 -0.00 -12.02 -— -22.50 -— 1.7986 1400.81
COperating 1 Pos 0.0 -— 1.00  1.00 -0.91 -0.00 -0.00 - -22.50 - %9.000  77220.00
Compcnent: Bot CP 3

Ld3. Ldi.

Load Vehicle Type 1L LL Rl B2 fOL1 fOLZ fLL fLL fR fR (Override) RF Capacity

(kip-ft) (kip-£t) (ksi) (ksi) (kai) (ksi) (ksi) (ksi) (Ton)
Inventory 1 Pos 211&.4 -— 1.00 1.00 0.91 0.00 12.02 - 16.50 - 1.2%7 1011.56 |
Inventory 1 Pos 0.0 -— 1.00 1.00 0.91 0.00 0.00 - 16.50 - 599.000 T7220.00
Operating 1 Pos 211&.4 -— 1.00 1.00 0.91 0.00 12.02 - 22.50 - 1.796 1400.81
Operating 1 Pos 0.0 -— 1.00  1.00 0.91 0.00 0.00 -— 22.50 - %3.000 77220.00
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Rating: Comparision

= AREMA AASHTO
South Girder, Point5 @ 20'-7"  Midspan Component: Bot CP 3
=| 2112.35 |in® =| 2112.35 |in?
Sx, bottom, net '" Sx, 10p, gross '“ Load Vehicle £R  fR (Override) RF
(kei) (k=1)
CRR— T Y o s s s 516500 [l T T ey
f =| 23716 |Ih/in® f =| 24000 |Ib/in® Inventory 1 16.50 —— 99.000
Cap, MOment, comp, max .|" C3p, Moment, 1en, max -ff Operating 1 22.50 e 1.796
Operating 1 22.50 -——- 99.000
Rating: Moment
S Mormal Maximum Rating
ehicle .
RF RFyosres| RF RFposres | Normal Maximum SST?S?SEE:-E?-?-?
E-80 1.28 1.54 1.90 2.27
FA0PH 2.63 3.05 3.83 4.45 Load Vehicle R fR (Override) RF
286K 1.73 2.08 2.55 3.07 (ksi) (ks1)
HSP-46 2.58 3.00 3.81 4.42 Inventory 1 -16.50 -—— 1.297
Inventory 1 -16.50 -— 99.000
315K 1.63 1.98 2.41 2.91 Coeritine. & B3 25 - g
ES448C 1.68 2.00 2.48 2.95 Operating 1 -22.50 e 99.000




Conclusion

= AASHTOWare BrR can be used for railroad bridge ratings using practical workarounds.
= AREMA Normal Ratings produced results comparable to AASHTO Inventory Ratings.

= BrR currently has limitations for AREMA Modified Ratings because it does not support the
application of longitudinal and wind loads.

= The gap appears manageable and could be addressed with modest enhancements and
collaboration.
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Points for Panel Discussion

" What level of interest exists within the AASHTOWare user
community for railroad bridge load rating capabilities?

" Are there opportunities for greater collaboration between
AASHTO and AREMA in bridge evaluation and load rating
methodologies?

" What challenges currently limit the use of AASHTOWare for
railroad bridge applications?

Is there an opportunity to bridge the gap between highway
and railroad bridge rating practices through future software
enhancements?
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QUESTIONS?
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