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Railcar (RRFLCR) Bridge Inventory in Louisiana

As1 bridge sites across the State
9 Aall but 1 on OffSystem routes

w| AMost located in South Louisiana
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xample
nstallation 1

,&Box Beam Main Girders
AEach Car is Unique

ﬁG-Span Continuous Unit
APropped Ends
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Elevation & Typical Section Based on Field Measurements
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xample
nstallation 2

ABox Beam Main Girders

AG-Span Continuous Unit
/5Propped Ends
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Sketches Based on Field Measurements
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Raillcar Detalls from Railroad
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Load Rating a Railcar with Channels & Z-Shaped Main Beams
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Load Rating a Railcar with Channels & Z-Shaped Main Beams
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Load Rating a Railcar with Channels & Z-Shaped Main Beams

I18-10" TOTAL BRIDGE WIDTH
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Previous Rating

A_ast load rated in 2012
ALine Girder Analysis in BrR

ﬁChannelsland £Shapes modelled as
plJhue R 2 chapéd) q v LU

ALLDF= 0.6 (single lane only)
ARecommended Posting Load

ACLOSEDto Legal Trucks
Aschool buses, garbage trucks, etc.)

Superstructure/Deck

GVW Rating Controlling Controlling Load Live Load Distribution

Vehicle Type (kips)| Factor Member Effect IM__ Factor (Single/Multiple)
HL-93 (INV) N/A 0.14 Interior Girder Flexure 33% 0.600 / 0.600
HL-93 (OPR) N/A 0.19 Interior Girder Flexure 33% 0.600 / 0.600
LADV-11(INV) N/A 0.11 Interior Girder Flexure 33% 0.600 / 0.600

LA Type 3S2  73.0 0.19 Interior Girder Flexure 33% 0.600 / 0.600

LA Type 3 50.0 0.26 Interior Girder Flexure 33% 0.600 / 0.600
Type 3-3 80.0 0.27 Interior Girder Flexure 33% 0.600 / 0.600

LA Type 6 80.0 0.21 Interior Girder Flexure 33% 0.600 / 0.600

LA Type 8 88.0 0.19 Interior Girder Flexure 33% 0.600 / 0.600
NRL 80.0 0.17 Interior Girder Flexure 33% 0.600 / 0.600
SU4 54.0 0.22 Interior Girder Flexure 33% 0.600 / 0.600
SU5 62.0 0.21 Interior Girder Flexure 33% 0.600 / 0.600
SUB 69.5 0.19 Interior Girder Flexure 33% 0.600 / 0.600
suU7 77.5 0.18 Interior Girder Flexure 33% 0.600 / 0.600
Lane-Type | N/A N/A /

Lane Type Il N/A 0.31 Interior Girder /

OFRD1 132.6 0.15 Interior Girder Flexure 33% 0.600 / 0.600
OFRD2 142.5 0.12 Interior Girder Flexure 33% 0.600 / 0.600
OFRD3 209.0 0.12 Interior Girder Flexure 33% 0.600 / 0.600

Posting Analysis Summary

Governing Rating Factor 0.19
Governing Load Model LA Type 3-52
Recommended Posting Load | Closed to Legal Trucks I

—
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BrR Limitations

ANot able to model Channels & ZShapes as Primary Members

AThere are certain situations where member bracing, support
conditions, member properties (flange and web thickness,
member depth, etc.) allow for certain member types to be
modelled in BrR using equivalent sections, but making this
determination requires time (and money).
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Parish-Requested Rerating

Al_ooking to be able to allow school buses to cross the bridge.

ALoad Rating Concepts:
Asection Properties per AASHTO LRFD 6.12.2.2.5
AUtilize 3D FEM analysis in BrR

APrimary Members
AChannels & ZShapes (Main Beams)
ADeck Plate
/ﬁDiaphragms
ASecondary Members
Al_ongitudinal Stringers (DL only)

AConcrete Deck modelled as noncomposite

AGoal

AL5T-25T Posting
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Load Rating Process

ADetermine Section Alnput Section Properties Alnput Controlling Loads
Properties of Primary of Primary Members from BrR
Members Ainput DL of Secondary ADetermine Capacities of
ADetermine Area & Weight Members Primary Members

of Secondary Members  ARun 3D FEM Analysis  ADetermine Load Rating

APull DL and LL Moments Factors
and Shears at
Controlling Locations
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Section Properties of Primary Members Mm

Channels (X-X Axis)

ACalcs for ZShapes and Diaphragms similar

ACalcs for ¥Y axis performed, but not included
AMore complex due to varying orientation with deck plate

Cross section area of the channel sections:

A ::[:bfl 'tf[+tw' [:d—f-fl—tﬂ) +hﬂ-tﬁ) +hd€dﬂ_ﬂﬂlﬂ'tdeck_pluh::| —15.625 in°

Section Modulus of the channel section about the X-X Axis:

I .
S.,= T =39212 in"

Crx

Neutral axis of the channel sections about the X-X Axis:

Radius of Gyration of the channel section about the X-X Axis:

III .
Tor =\ A =5b.135 1n

(d—tr —tp) t
17 2 12
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+b of (d+0.5 1
- deck_plate dﬂﬂ.&_plﬂtﬂl( deckp{a.l!.el) i =i e
Centroidal moment of inertia of the channel section about the X-X Axis:
bepoty”  tye(d—tp—tm)*  bymetn® b -1 ? te )2
I,=""" 4 w (4=t =tp)" | Oty Bacck plate” . plate tbpytpe|em— 0| & =411.988 in'
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DL from Secondary Members Mm

Stringers E & F
ADL applied to Primary Members based on Tributary Width

Stringer "E" Section Dimensions Stringer "F" Section Dimensions

by p:=2.625 in by p:=3.75 in

ty p:=0.3125 wn ty p=0.375 in

ty £:=0.3125 in ty p=0.3125 in (Assumed)

dp:=4 1n dr:=6 in

Agtringer 5=2+ (by pety p) + (ty pe (dp—2+t; 5)) =2.695 in” Agpringer pi=2+ (bp potp p) + (ty, po (dp—2+t; 1)) =4.453 in’
Wtringer_E = Vsteel * Astringer_p = 9-172 %f' Wtringer_F = Vsteel * Astringer_F=15.153 ?—f

AAS Hll:l Ware™

DESIGN AND RATING




Framing Plan in BrR Mm

AEach Channel / ZShape and Diaphragm entered Individually
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Typical Section in BrR
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Primary Member Properties in BrR

Channels

AZ-Shapes and Diaphragms similar

Mame:

|Flai||:ar Primary Channel_Equivalent

Descnption:

Dimensions

Properties
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Pulling Loads from BrR

Dead Load to G2

A@ center of Main Span (+M controlling location)

i

- E | GET" % E % Results graph

alyze Analysis  Tabular Specification Engine Results Save

Events = Results Check Detail Qutputs Graph Results \,»/3 |u
alysis Razults Froperties Apply Print
Graph Print
Components 4 Mament
| 2unen Pratie @ MDL-s1 MBL-1- MBL-1- et P
- B Lateral Support e Dead Load . 8 Load Case 3 - Load Case 4 - ac Lass , A LA5E &
T _ Span Location Load Case 1 - Self Concrete Deck Load | Dianhraam element Member Dist'd Structure Typical
+ = Stiffener Ranges » | | Live Load Load(Stage 1:0,0C) P | E‘ 59 1 Dp  LoadsiDC2Stage Section window
- &) Bearing Stiffener Locations (Stage 1:D,DC) oads{Stage 1:0,DC) 2:D.0C) Generic tab (DC~
%Suppnrﬂ P Shear
e , 2 6.50 27 -0.05 -0.32 0.08 -0.14 -0.06
: rt
= S“Ppuda »| | Deadload 2 7.80 28.3 0.40 271 0.40 147 0.19
. U o .
N < PP » | | Liveload 2 9,75 30.25 0.98 6.67 087 3.57 0.52
..... iy Uppﬂl"t-d-
Lt Live Load Distribution 4 Aal 2 11.70 322 143 989 1.20 026 0.79
7 Points of Interest 2 13.00 33.5 1.71 11.65 142 6.19 093
) i » Dead Load
----- 1 Detericration Profile 2 15.600 361 208 14.20 1.69 7.52 1.14
= I G2 > Live Load 2 16.25 36.75 2.15 14.64 176 7.75 1.18
w24 Member Loads 4 Torsion > 2 19.50 40 230 15.64 1.85 8.27 1.26
4 Supports Desd Losd 2 22.75 43.25 215 14.64 1.73 7.75 1.18
- (3
EE F‘;EEEZR ’E"ELI:}HETWES 2 2340 439 2.08 14.20 1.66 7.52 114
T irder Live Load
[ e
" IT Default Materials 2 26.00 46.5 1.71 11.64 137 6.18 0.92
=} Impact/Dynamic Load Allowance 4 Deflaction 2 27.30 473 1.45 0.80 114 5.26 078
B Girder Profile » | Dead Load 2 20.25 49,75 0.98 6.66 0.80 3.56 0.50
. a4y Hinge Locations _ 2 31.20 51.7 0.40 2.71 031 147 017
[ splice Locations »| | Liveload 2 32.50 53 -0.05 -0.33 -0.02 -0.14 -0.08
- B Deck Profile 2 35.10 55.6 -1.08 -7.36 -0.84 -3.92 -0.64
- F1Haunch Profile
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Pulling Loads from BrR Mm

Live Load to G2

A@ center of Main Span (+M controlling location)
R 2 - xHE

= Analysis  Tabular Specification Engine Results Sawve
Events | Results Check Detaill Outputs Graph Results

c Results & Results graph
x> =)
: Apply :
mpanents Properties Print
- = Haunch Frohle ' Graoh Print
G g
- L2 | ateral Support .
- B stiffener Ranges
- &) Bearing Stiffener Locations A
- gy Support] 4 = Moment MLL{+)-s3-
o Support? . Dead Load Span Location Distance LV2 - LA Type 352-
. M Supoort3 . Axle Load
=T 2Upp 4 = Live Load z Tt £330 3 i U
""" =z Supportd | 2 3.90 244 3.38
Ll Live Load Distribution 4 = Compasite (short term) (Stage 3)
. 2 6.50 27 221
Eﬁ Points of Interest > HL-93 [US)
----- =1 Detericration Profile g 780 283 24.08
I G2 > Lane-Type Legal Load 2 9.73 3025 49.25
© e Member Loads > LV1 - Type 3 - 11.70 e 61.18
g rt 2 13.00 33.5 67.38
A Supports a8 v2- LAType 352
- & MEMBER ALTERMATIVES 2 15.60 36.1 7627
2 I Girder 2 (8) (0 a [ AxleLoad 2 16.25 36,75 75.68
i Default Materials & Positive > 2 19.50 40 81.44
t Impact/Dynamic Load Allowance
- 2 22.75 43.25 78.49
- B Girder Prafile Negative
) . 2 23.40 439 76.45
. ;I, Hinge Locations » LV3 - Type 3-3
- [ Splice Locations 2 26.00 46 o733
- =1 Deck Profile » L4 - LAT}’FI'E'E' 2 27.30 47.8 61.10
- 1 Haunch Profile » LVS - LA Type 8 2 29.25 4075 4922
- B Lateral Support 2 31.20 31.7 34.08 ~Aaoolow .
are
- B3 Stiffener Ranges * sU4 2 32.50 53 22.58
- &) Bearing Stiffener Locations > sU5 - 2 35.10 55.6 3.38 BRI DG E
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BrR Loads into Mathcad Mm

DC Loads (Stringer 2)

2.30-kip-ft+13.03-kip-fi+1.85-kip- fi +8.75-kip- St +2.24 - kip-ft| [35.213]
2.30-kip-ft+15.64-kip- ft+1.85-kip- ft+8.27-kip-ft+1.26-kip- fi 36.65
2.30 - kip-ft+ 15.64 -kip- ft + 1.85-kip- ft + 7.97 - kip- ft + 0.84 - kip- ft | |35.75
: 2.30-kip-ft+11.61 -kip- ft+1.85-kip-ft+7.20-kip- ft +0.49-kip-ft| |29.313| .
+M @ center of main Span  yMpc e =7oc- z.am-ki;jfrtﬂz.su-kiﬁ-ﬁtﬂ.ﬂ?-kﬂi-;ﬂ7.15-1.:1';;t+n.x19-ki;;t =|31.013| &P I
1.40 - kip- ft+14.45 -kip- ft+2.07 -kip- ft + 7.79-kip- ft+ 1.00-kip- ft | |37.138
1.40 - kip-ft+14.45 -kip- ft+2.07 - kip- ft + 7.71 -kip- ft + 1.28 - kip- ft | |37.388
2.30-kip-ft+14.22 - kip- ft +2.07 - kip+ ft +6.74-kip- ft +2.19-kip-ft | [34.4

[ 2.98 - kip- ft+16.91 -kip- ft +2.10 - kip- ft + 11.13 - kip- ft + 3.76 - kip- ft | [46.475]
2.98 - kip- ft+20.29-kip- ft +2.40-kip- ft + 11.08 - kip- ft + 1.58 - kip- ft | |47.913
2.98 - kip- ft +20.29 -kip- ft +2.40 - kip- ft + 10.65- kip- ft + 0.80-kip-ft | |46.4
- 2.98 «kip-ft+15.07 - kip+ ft +2.40 - kip+ ft + 9.30 - kip - ft + 0.31 - kip -+ fi 37.575] ,.
-M @ Interior SUPPOrt  YMix negasive="c- 2.98-M§-§t+lﬁ.ﬁﬂ-kii-;t+2.ﬁ‘?-Fn';-;t—i—Q.lS-kt’;-;t—H].Sl]-kii-;t = | 30.663 | P11
5.72-kip-ft+18.67-kip- ft+2.68-kip-fl+9.95-kip- ft+0.97-kip- fi A7.188
5.72+kip-ft+ 18.76 - kip+ ft + 2.68 - kip+ ft + 9.90 - kip- ft + 1.55 - kip - ft 18.263
 2.98+kip-ft+18.45-kip+ ft +2.67 - kip+ ft + 8.67 - kip- fl + 3.76 - kip- ft | |45.663 |

0.54-kip+3.07-kip+0.45-kip+1.99-kip+0.76 - kip| [8.513]
0.54-kip+3.69-kip+0.45-kip+2.08-kip+0.24-kip 8.75
0.54-kip+3.69-kip+0.45-kip+ 1.97 - kip+0.09-kip | |8.425
Shear @ Interlor Support '}'ijj::’fj_]ﬂ" gg:-f;tp-l—ﬂ.'?—i-ktp—l—ﬂ.dﬁ-IH]'J+1Eﬂ-ki:p+DD3-kiEp _ 6.813 kip
54-kip+3.02+kip+0.50-kip+ 1.65-kip+0.02-kip| | 7.163
1.04-kip+3.41-kip+0.50-kip+1.78-kip+0.11-kip 8.55
1.04-kip+3.41-kip+0.50-kip+1.81-kip+0.24-kip 8.75
0.54-kip+3.35 - kip+0.50 - kip+ 1.54- kip+0.76 - kip | | 8.363
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BrR Loads into Mathcad

Live Loads (Stringer 2)

Shear @ Interior Support

+M @ center of main span -M @ Interior Support

“Vehicle” “Stringer 2” “Vehicle” “Stringer 27 “Vehicle” “Stringer 2” L1 e .
“HL93 Inv®  1.75- 104.3%;5 -kip- ft “HL93 Inv”  1.75-93.55 - kip- fi ABLLR L Limesd e H‘f‘},h;ﬁi i;ﬁ iﬁr
“HL93 Op” 1.35.104.35-kip-ft “HL93 Op”  1.35-93.55-kip-ft “HL93Op”  1.35-33.68-kip “HLO3Op” 45468 Ibf
“Type 3”  Yieqq-64.60-kip- ft “Type3”  Yega®52-92-kip-ft “Type3”  Yiega®20-75-kip “Type 37 60T Tf
“LA Type 352" g - 81.44-kip- ft “LA Type 382" 7pggq°76.60 - kip-fi | b RS G ST Ol I[“LA Type 3527 32812 Ibf
“Type 3—3"  Ypega*50.19-kip- ft “Type3-3"  7Ypegu*54.49-Kip- ft| “Type3—3"  Ypega 17.52+kip “Type3—3" 22776 Ibf
Moy = “LAType 6"  7[oga-64.87- k‘.l.:p - ft . *;LA Type ﬁ: Viegar® 7081+ k,Ep - ft e *;LA Type E: Viegat*22.71 - h:p | “CATypes” 20523 by
. “LAType 8" Yo~ 71.33-kip- ft . negalive LAType 8”  Ypogm* 77.56 - kip- fi LAType 8"  Yjega®25.09+kip “LAType 8" 32617 Ibf
“SU4” Yiegal* 75-15 - kip- ft “SU4” Yiegar61.02-kip- ft “SU4” Viegal® 22-63 - kip “SU4” 20419 lbf
“SU5” YeLegar® 78.92 - kip- ft “SU5” Ylegar* 66.85 - kip - fi “SU5” Viega* 24.10 - kip “SU5” 31330 Ibf
“SU6™ YeLegar* 85.46 - kip - ft “SU6” Viegar® 75.2 - kip- ft “SU6™ Viegar* 24.11 « kip “SuU6” 31733 Ibf
“SuT” YLegar* 89.00 - kip- ft “SuUT” YLegar* 82-21 - kip- fi “SUT™ Viegar*24.73 < kip “su7” 32149 Ibf
“EV2” Yy +80.48 - kip- ft “EV2”  ypy-62.17-kip-ft e ey * 26.86 - kip EE igg;g :gi:
“EV3” Yev+116.65 - kip- ft | “EV3” Yev+93.0-kip-ft | «EV3? Vv 36.96 - kip | J

AAS Hll:l Ware™
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Calculating Capacity in Mathcad Mm

Stringer 2 +M Capacity (@ center of span) Stringer 2.
Capacity of Channels (AASHTO LRFD)

60.12.2.2.5—Channels

Ypma 2= 13.960875 in

Agringers_above ™= Ddeck: plate * taeck_plater +0p2* (d— Ypna 2) =7.81 in”

For -:;hann-:ls n ﬂaxu}'ﬂ about their strong or x-axis, Aqgringers. eton=b71 -ty + b+ (A— L1 — L2) + b (Upma 2— by — (d— Ly — L)) =T.81 in?
the nominal flexural resistance shall be taken as the
smaller value based on yielding or LTB, as applicable. LOTS of calcs between what is shown above & below
For yielding, the nominal flexural resistance shall be "
. 2y orime channel pos moment = 10r 2 € 0..n—1
taken as: _prime_ _pos_ I

*:_Ac‘. 'yci +AE- * ;.

“ |I z: - prime_channel _]:ﬂﬁ_mﬂmemi:n

M,=M,=FZ2, (6.12.2.2.5-1) N
where: [170.914 |
‘ . 170.914
F, = specified minimum vyield strength (ksi) 170.914
M, = plastic moment (kip-in.) 170.914 | .
: : C M, . moment ‘=L uy* L1 pri = kip- ft
Z, = plastic section modulus about the x-axis (in.”) Sl " Z_prime_channel_pos moment=| 170 914 | ¥4P*J
290.619
290.619
170.914 |

AAS Hll:l Ware™

DESIGN AND RATING




Calculating Capacity in Mathcad Mm

Stringer 2 LTB Check (@ Interior Support)

AASHTO LRFD LTB Check (6.12.2.2.5) From AASHTO LRFD 6.12.2.2.5 Commentary:
Where the unbraced length L exceeds L,, LTB shall AWhereLb /]l LTB does not control and need
be checked. For LTB, the nominal flexural resistance not be checked.
shall be taken as:
FE:=29000 ks
I L,-L, | [ 23.604 |
M, =C, Mp—(Mp—ﬂi?F}!,SI) Lj_—LP JEMP 20.883
! 20883
(6.12.2.2.5-2)
L,=1.76+7,,- E _|27.086 ft
: Fy 27.086
e IfL;,>L,, then: 22.331
22.331
M,=F,5,<M, (6.12.2.2.5-3) 23.604
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Calculating Capacity in Mathcad Mm

Stringer 2 Shear Capacity (@ Interior Support)

AASHTO LRFD 6.10.9.3.2

ARatio of shearbuckling resistance to the
shear yield strength

kj =5
E-E
= ifigl.lz- : =1
by Fy
1.0
H - V,=0.58.F -d-t,=109.62 kip  Plastic shear force (AASHTO 6.10.9.2)
E-k, E-k,
if 1.12- < —<1.40-
F, ty F, Vo =C-V, =109.62 kip Shear-yielding or shear-buckling resistance
112 [E-k, (AASHTO 6.10.9.2)
d F, V,=V,. =109.62 kip Mominal shear resistance (AASHTO 6.10.9.2)
ty
if = 1.40 -
t, F .
| 4 PV, =g, V, =109.62 kip
1.57 E«k,
(i]g FII AASHIOWare™
& BRIDGE
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Load Rating Equation

AASHTO MBE
“Vehicle” “Stringer 27
6A.4.2—General Load-Rating Equation “HLY3 Inv™ 0.553
“HLY3 Op™ 0.717
6A.4.2.1—General “Type 37 1.202
“LA Type 3527 0.954
The following general expression shall be used in “Type 3—3" 1.547
determining the load rating of each component and . | “LA Type6” 1.197
connection subjected to a single force effect (i.e., axial Moment_positive = |y g Type 87 1.089
force, flexure, or shear): “QTI4" 1.033
“SUh" 0.9584
RE — C—(vpc )(DC)=(Ypw )(Dw)i(YF)(P) “JUe" 0.909
(TLL )(LL+IM] =10k 0.873
(6A.42.1-1) “EV2 Lotk
“EV3” 0.787
For the strength limit states:
Posting Analysis
C = o¢.0,0R, (6A.4.2.1-2) W
LRFR Posting Load = ﬁ [(RF) — 0.3] MBE Eq. (6A.8.3-1)
Where the following lower limit shall apply:
¢.¢ >0.85 (6A.4.2.1-3) Recommended Legal Posting Load: 15-25
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Re-rating Summary

Superstructure/Deck/Culvert
GVW | Rating Posting Weight Controlling Controlling
/BBD FEM analysis in BrR Vehicle Type (kips) [ Factor (tons) Member Load Effect
AP : HL-93 (INV) N/A 0.55 Stringer 2 Flexure
rimary Members HL-93 (OPR)  N/A 0.72 Stringer 2 Flexure
AChannels & ZShapes (Main Beams) LADV-11(INV) _N/A
Type 3 50.0 1.20 44.0 Stringer 2 Flexure
AD_eCk Plate LA Type 3S2  73.0 0.93 32.7 Stringer 2 Flexure
/5D|aphragms Type 3-3 80.0 1.31 52.2 Stringer 2 Flexure
; : LA Type 6 80.0 1.01 44.0 Stringer 2 Flexure
IBSECUOH Propertles per AASHTO LRFD LA Type 8 88.0 0.92 38.7 Stringer 2 Flexure
6.12.2.2.5 SU4 540 | 1.03 44.0 Stringer 2 Flexure
/BSecondary Members SUS 62.0 0.98 30.2 Str!ngerz Flexure
/&_ _ _ _ SUG 69.5 0.91 30.2 Stringer 2 Flexure
ongitudinal Stringers (DL only) SU7 775 | 087 31.2 Stringer 2 Flexure
AConcrete Deck modelled as norcomposite [Fane-Tyee!  N/A
_ _ Lane Type Il N/A
AL5T25T Posting (conservative) EV2 57.5 1.14 44.0* Stringer 2 Flexure
EV3 86.0 0.79 29.9% Stringer 2 Flexure

* Informational purposes only

Posting Analysis Summary
PV-Single PV-Comb

Superstructure 30 32 As-Design Rating: ]
Substructure
Recommended Legal F’nsting Load: 15-25
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Thank You!

Joffrey Easley, P.E.

E-Mall
|easley@forteandtablada.com

Phone

225-936-4560

AAS Hll:l Ware™
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