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STL16 - LRFD 10th Edition Spec Update — Lateral Torsional Buckling Example

AASHTOWare Bridge Design and Rating Training
STL14 — LRFD 10™ Edition Spec Update — Lateral Torsional Buckling Example

Summary

This tutorial demonstrates the implementation of the AASHTO LRFD 10™ Edition Lateral Torsional Buckling
(LTB) resistance calculations in AASHTOWare BrDR. The LRFD 10® Edition spec updates introduce substantial
changes to the calculation of the lateral torsional buckling resistance for steel structures. These changes include:

e  Moment Gradient Modifier, Cb — The spec update introduces new methods for computing the moment
gradient modifier which use moments at quarter points in the unbraced region. Analysis points are added at
the quarter points of all unbraced regions to compute these moments.

e Non-Prismatic Unbraced Lengths — The spec update adds Appendix D6.6 to assist in the calculation of
LTB resistance of non-prismatic unbraced regions. Appendix D describes several methods for calculating
the non-prismatic LTB resistance; AASHTOWare BrDR supports Method A and Method B.

e  Governing Cross Sections — The LRFD 10" edition specifies the POI where LTB resistance is to be
computed. Previous versions of the spec recommended comparing maximum actions and minimum
capacities within the unbraced length for design checks where the flexural resistance is based on LTB. The
updated spec says to evaluate LTB resistance at a single point, where f,,,/(R,R,F,¢) is maximum. And for

Appendix A6 to consider the point where M, /(R,:My,) is maximum.

This tutorial will introduce the new spec article output. TrainingBridge2 from the sample database illustrates an
example with a prismatic unbraced length and TrainingBridge3 from the sample database illustrates a non-prismatic

unbraced length.

The steel member alternative has several control options for LRFD and LRFR analysis methods related to the LTB

resistance calculation.

e Consider concurrent moments in Cb calculation — Select this option to use concurrent moments in the
moment gradient modifier calculation. When using concurrent moments and the LRFD 10™ edition, BrDR
computes the quarter point moments using the load pattern corresponding to the maximum moment in the
unbraced length. The Cb factor is computed using these concurrent moments. When this control option is
not selected, maximized envelope moments are used.

e Use compact web alternate Cb calculation — Select this option to compute the moment gradient modifier
using AISC equation C-F1-5. This calculation applies to unbraced lengths with compact webs,
continuously laterally supported top flanges, and reverse curvature bending with no intermediate bracing
along the bottom flange.

e LTB Gamma E Method — Select the method from Appendix D6.6 to compute the LTB resistance of non-
prismatic unbraced regions. Options include Method A and Method B.
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Prismatic Unbraced Regions

6.10.8.2.3 — Lateral Torsional Buckling Resistance
Open TrainingBridge2 from the BrDR sample database. First, verify the member alternative is set to use the
AASHTO LRFD 10% Edition spec for design and rating. Open the Member Alternative Description window by

double clicking on the Built-up Alt member alternative.

Workspace X

Bridge Components
- D TrainingBridge2
B [ Companents
- B2 Diaphragm Definitions
- [ Lateral Bracing Definitions
El- [ SUPERSTRUCTURE DEFINITIONS
= f HDR Girder Line
| Impact/Dynamic Load Allowance
- o Load Case Description
- gt Superstructure Loads
- @ Shear Connector Definitions
- E’ Stiffener Definitions
- |3 MEMBERS
I Interior Member
l 2 Member Loads

-~ "% Supports
- |E MEMBER ALTERNATIVES

®- T Built-up Alt (B (C)
B (5 BRIDGE ALTERNATIVES
- M Bridge Alternative 1 (E) (C)
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Under the Specs tab in the window, check that the LRFD Analysis method type is set to use the LRFD 10" edition
spec version and that the LRFR Analysis method type is set to use the one of the MBE editions with the LRFD 10"
edition spec version. These may already be set as the system default spec versions. If the system default is set to a

different spec version, use the Override selection to set the AASHTO LRFD 10" edition for LRFD and LRFR.

% Member Alternative Description

Member alternative: Built-up Alt

Description Specs Factors Engine Import Control options

Analysis method

o Analysis module Selection type Spec version Factors
¥ ASR AASHTO ASR ~ | Systemn Default ~
LFR AASHTO LFR. ~ | System Default ~
LRFD AASHTO LRFD ~ | System Default
LRFR AASHTO LRFR. ~ | Systemn Default ~
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Analyze the Built-up Alt member alternative using the LRFR rating method and an HL-93 (US) vehicle in the

inventory design load rating category.

&M Analysis Settings

Design review o Rating

Analysis type: Line Girder

Vehicles Output Engine Description

Traffic direction:  Both directions

Vehicle selection

=-Vehicles
- Standard

~H 20-44

-~~HL-93 (SI)

-~~HL-93 (US)

~~HS 15-44

-~~HS 20 (Sl)

~HS 20-44

--Lane-Type Legal Load
--LRFD Fatigue Truck (51}
~-LRFD Fatigue Truck (US)
-S4

- Type 3-3

- User defined
- Tempaorary

Reset Clear

........................................

Rating method: LRFR

Apply preference setting:  Mone

Refresh Temporary vehicles
Vehicle summary

E--Rating vehicles
I=-LRFR
~Design load rating
~Inventory
L.-HL-93 (US)
--Operating
Add to --Fatigue
~Legal load rating
E --Routine
~Specialized hauling
- Permit load rating

Remave from

o

Save template OK

- O
s
R
Advanced
Apply Cancel

With the Built-up Alt member alternative selected, click on Analyze in the top ribbon to analyze the member

alternative.
H AMNALYSIS REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGM/RATE REPORTING
- a—
& [=- 5o
Analyze Snalysis Engine
bvents Qutputs
Results
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After the analysis is complete, select the Specification Check Detail button in the analysis ribbon to open the

specification check calculations for the member alternative.

H AMNALYSIS REPORTS

ERIDGE WORKSPACE WORKSPACE VIEW HELP DESIGM/RATE REPORTING

& = i B % % B

Analysis Analyze Analysis | Tabulan Specification| Engine  Results  Save

Settings Events | Results§ Check Detailf Cutputs Graph Results
Analysis sults
£ Specification Checks for Built-up Alt - [m}
& » (samia >

Properties Generste  Format
Bullet list ~

Specification filter Report

4 || Superstructure Component | Specification reference Limit State Flex, Sense Pass/Fail
» [y Stage 1
» [ Stage 2
» | _yStage 3
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To view the calculations for the LTB resistance at the interior support, expand the spec check folder tree for

» Superstructure Component P Stage 3 P> Built-up Alt » Span 1 — 90.00 ft.

T Specification Checks for Built-up Alt - 54 of 3162

Articles
La All articles w
Properties Generate Format
Bullet list w
Specification filter Report
|_i5pan1-6475ft. & | Specification reference Limnit State Flex. Sense Pass/Fail
| Span 1-72.00 ft. X 6.10.8.1.3 Continuously Braced Flanges in Tension or Compression N/A Failed
[_J5pan1-T74.00 . B 6.10.8.2.1 General N/A General Comp.
|1 5pan 1-78.00 ft. 6.10.8.2.2 Lacal Buckling Resistance N/A General Comp.
|4 Span1-81.00 ft. B 6.10.8.2.3a Lateral Torsional Buckling Resistance N/A General Comp.
ISpan - 8200 B 6.10.8.23b.Cb Lateral Torsional Buckling Resistance - Cb Calculation N/A General Comp.
4 Span 1 - 86.00 ft. B 6.10.8.2.3b.Fe Lateral Torsional Buckling Resistance - Fe Calculation N/A General Comp.
(2d5pan 1-50.00 ft. B 6.10.8.2.3b.rt Lateral Torsional Buckling Resistance - rt Calculation /A General Comp.
14 5 2-4,00 ft.
= Span 3800 B 6.10.8.2.3¢ Lateral Torsional Buckling Parameters for Nonprismatic Unt N/A General Comp.
| 2 - Gl -
jspan 2900 B 6.10.83 Flexural Resistance Based on Tension Flange Yielding N/A General Comp.
| an 2 - 9.00 ft.
. tot0n,_| ¢ 100 WS it v e

A good starting point when reviewing the 10" edition LTB calculations is to check the 6.10.8.2.3a Lateral
Torsional Buckling Resistance spec article. For each load case, this article will show the computed lateral torsional
buckling resistance at the POI where f},,,/ (R, R F,,¢) is maximum. Other locations within the unbraced length will
display a message stating where the lateral torsional buckling capacity is computed. For example, the 6.10.8.2.3a

Lateral Torsional Buckling Resistance article at 86.00 ft. shows the following:

Limit Load Flexure Minimum

State Comb Type rt Forw Eb Eh Lp Lr Ck Fe Fnc (LTB)
{in) (k=i) {in) (in) {k=si) {k=si)

STR-I 1, DeaInv HNeg Governing Croszs Sectien at 90.00 (ft) - Left

STR-I 1, Dealnv HNeg Governing Cross Secticn at 90.00 (ft) - Left

STR-I 2, Dealnv HNeg Governing Cross Section at 20.00 (ft) - Left

STE-T 2, DesInv HNeg Governing Crosgs Secticn at 90.00 (ft) - Left

This indicates the LTB resistance is computed at the left side of the 90.00 ft. POI for the given unbraced region. This

is the location where f},,,/ (R, R F,,¢) is maximum in the unbraced length under consideration.
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Open the 6.10.8.2.3a Lateral Torsional Buckling Resistance spec article at the 90.00 ft. POI. For each load case
where this POl is the point where fp,,/ (R, R Fy) is maximum, the computed LTB capacity is shown. With the
LRFD 10" edition specs there are different calculations for the lateral torsional buckling parameters (Cb, rt, and Fe)
of prismatic and non-prismatic unbraced lengths. When the flexure type is positive check if the girder is prismatic
between top flange brace points and when the flexure type is negative check if the girder is prismatic between
bottom flange brace points. For this example, the girder is prismatic in the 192 in. unbraced length between brace
points along the bottom flange. For prismatic unbraced lengths the lateral torsional buckling parameters are

computed according to AASHTO LRFD 6.10.8.2.3b.

BB spec Check Detail for 6.10.8.2.3a Lateral Torsional Buckling Resistance = O *

Steel Structures -
10 I-Section Flexural Members

10.8 Flexural Resistance-Composite Sections in Negatiwve Flexure and Noncomposite Sections
10.8.2 Compression-Flange Flexural Resistance

10.8.2.3 Lateral Torsicnal Buckling Resistance

.10.8.2.3a General

{AASHTQ LEFD Bridge Design Specifications, Tenth Editicm)

oy Oy oy

Steel Builtup Shape - At Location = 9%0.0000 (ft) - Left Stage 3
Section within Top Flange Continuous Bracing Begicn

Section at Bottom Flange Brace Point

INPUT:

Composite: Yes

Top Flange Continuously Laterally Braced: Yes
Bolled Shape: No

Longitudinally Stiffened Web: No

Top Flange Bottom Flange

Fy = 50.0000 (ksi) Fy = 50.0000 (ksi)
E = 25000.0000 (ksi) E = 29%000.0000 (ksi)
Ib = 0.0000 {(in) Ib = 192.0000 (in)
Prismatic: Yes Prismatic: Yes

SUMMARY :

Lp = 1.1*rt*30RT(E/Fyc) (6.10.8.2.3a-4)

Longitudinally Unstiffened Web:
Fyr = 0.5Fyc

Lr = pi*rt*SQRT(E/Fyr) (6.10.8.2.38-5)
If Ik «= ILp then Compact Unbkbraced Length
Fnc{LTB} = Eb*Rh*Fyc (6.10.8.2.32-1)

If Ip « Lb <= Lr then Honcompact Unbraced Length

I I Fyr | | 1b-1Ip | |
Fnc(LTB) =Cb % |1 - | 1 - ————— [#] === | |* BRb * Rh * Fyc <= Rb*Rh*Fyc (6.10.8.2.3a-2)
I I Bh*Fyc | | Lr - Ip |
Else Slender Unbraced Length
Fnc(LTE) = Rb*Fe <= Eb*Rh*Fyc (6.10.8.2.3a-3)

where Fe iz computed in 6.10.8.2.3b for prismatic unbraced lengths and
computed in 6.10.8.2.3c for non-prismatic unbraced lengths.

Limit Load Flexure Minimum
State Comb Type rt Fcrw Eb Eh Ip Lr Ck Fe Fnc (LTB
{in) (ksi) (in) (in) (ksi) {ksi)
5TER-I 1, DESInv( Heg ) I 4,338 50.000 1.000 1.000 114.9 463.5% 1.83% 238.1% 50.00'
STR-I 1, DesInv o -0u0 T.000 T.000 TIT. % T03.9 T.300 190.67 =
STR-I 2, DesInv Neg 4,336 50.000 1.000 1.000 114.%8 463.9 1.670 243.75 50.00
5TER-I 2, DesInv HNeg 4,338 50.000 1.000 1.000 114.9 463.5% 1.327 193.73 50.00
STR-I 3, DesInv HNeg 4.336 50.000 1.000 1.000 114.% 463.5 1.425 207.97 50.00
5TER-I 3, DesInv HNeg 4,338 50.000 1.000 1 9 9 1

-000 114. 483. 2371 200.05 50.00
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For detailed calculations of each of the LTB parameters for a prismatic unbraced length, review articles
6.10.8.2.3b.Cb Lateral Torsional Buckling Resistance — Cb Calculation, 6.10.8.2.3b.Fe Lateral Torsional
Buckling Resistance — Fe Calculation, and 6.10.8.2.3b.rt Lateral Torsional Buckling Resistance — rt
Calculation. Similar to the general LTB resistance calculation, these parameters are only computed at the govering

cross section for each unbraced length.

Specification reference Limit State Flex. Sense Pass/Fail

X 6.10.8.1.1 Discretely Braced Flanges in Compression MAA Failed

M4 6.10.8.1.2 Discretely Braced Flanges in Tension N/A Mot Applicable
X 6.10.8.1.3 Continucusly Braced Flanges in Tension or Compression MAA Failed
6.10.8.2.1 General MN/A General Comp.

6.10.8.2.2 Local Buckling Resistance MAA General Comp.
L ing Besistance /A Ceperal Comp
| 6.10.8.2.3b.Cb Lateral Torsional Buckling Resistance - Cb Calculation MAA General Comp.
] 6.10.8.2.3b.Fe Lateral Torsional Buckling Resistance - Fe Calculation MN/A General Comp.
| 6.10.8.2.3b.rt Lateral Torsional Buckling Resistance - rt Calculation MAA General Comp.

0.10.5.2.3¢c Lateral Torsional Buckling Parameters for Monpnsmatic Unt MNFA General Comp.
6.10.8.3 Flexural Resistance Based on Tension Flange Yielding MAA General Comp.

d cAaAnIDENCL D o2 RISA | o S

The calculations for Fe and rt for prismatic unbraced lengths are similar to the corresponding calculations from

previous LRFD spec versions, but the calculation for the moment gradient modifier, Cb, is different.

Bot Flange Left Brece Location = T74.00 (fr)

Bot Flange Quarter Brace Location {R) = T8.00 (fr)

Bot Flange Mid Brace Location {B) = g2.00 (fr)

Bot Flange Three Quarter Brace Location (C} = 86.00 (fr)

Bot Flange Right Brace Location = 90.00 (fr)

SUMMRRY :

12.5*Mmax
Ch = ————— e (6.10.8.2.3b-1)
2.5*Mmax + 3*Ma + 4*Mb + 3*Mc

Limit Load Flexure Moment Moment Moment Moment

State Comb Type s B [ Max Ch
{kip-in) {kip-in) {kip-in} (kip—-in})

STR-I 1, DesInwv Neg -T7495 -14756 -21511 -28478 1.639

STR-I 1, DesInwv Neg -30n44a8 -37218 -44723 -52977 1.306

STR-I 2, DesInwv Neg -6820 -14127 -21668 -28478 1.670

STR-I 2, DesInv Heg -27321 -33388 -41232 -45323 1.327

STR-I 3, DesInv Heg -1293 -17743 -22907 -28478 1.425

Last Modified: 7/13/2025 8



STL16 - LRFD 10th Edition Spec Update — Lateral Torsional Buckling Example

Appendix A6.3.3 — Lateral Torsional Buckling Resistance

When the member alternative control option to Use Appendix A6 for flexural resistance is selected, BrDR will
compute the LTB capacity according to Appendix A6.3.3.

Open the Member Alternative Description window and select the LRFR Use Appendix A6 for flexural

resistance control option to consider Appendix A6 for the Built-up Alt member alternative.

™ Member Alternative Description — O

Member alternative:  Built-up Alt

Description Specs Factors Engine Import = Control options
LRFD LRFR
(3 Points of interest - Eapoints of interest -
Generate at tenth points Generate at tenth points
Generate at section change points Generate at section change points
Generate at user-defined points Generate at user-defined points
Generate at stiffeners Generate at stiffeners
Allow moment redistribution Allow moment redistribution

Use Appendix A6 for flexural resistance

Use Appendix A6 for flexural resistance

Allow plastic analysis " 1"Allow plastic analysis

Ignore long. reinf. in negative moment capacity Evaluate remaining fatigue life

Select OK to apply the changes and close the window. Reanalyze the member alternative with the same LRFR

rating settings.
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Similar to the section 6.10.8.2.3 LTB calculations, the Appendix A6 calculations compute LTB resistance for both
prismatic and non-prismatic unbraced lengths. The APPA6.3.3.1 Lateral Torsional Buckling Resistance spec

article has the general LTB calculations for the member. Results are only computed at the POI where M, /(R,:M,,)

is maximum. Detailed calculations for the LTB parameters are shown in the other APPA6.3.3 spec articles.

My Specification Checks for Built-up Alt - 66 of 3820
Articles
A All articles v
¢ W
Properties Generste  format
Bullet list w
Spedification filter Report
|_iSpan1-6475f &  Specification reference Limit State Flex. Sense Pass/Fail
|—15pan 1-72.00 f. B 6.9.4.1 Bearing Stiffener Nominal Resistance N/A General Comp.
|—15pan 1-74.00 ft. X 6A.4.2.1 General Load Rating Equation - Steel Flexure Moment N/A Failed
| 5pan 1 - 78.00 ft. +" 6A.4.2.1 General Load Rating Equation - Steel Flexure Stress N/A Passed
[=4Span 1 - 8100 ft ' 68421 General Load Rating Equation - Steel Shear N/A Passed
[=4Span 1 - 8200 ft. B ea421d N/A General Comp.
[dSpan 1-8600R | 5 62 6.4.2.2 Service Limit State N/A Failed
&Span 1 - 2000 X APPAG.1.1 Sections with Discretely Braced Compression Flanges N/A Failed
It Span 2 - 400 ft N4 APPAG.1.2 Sections with Discretely Braced Tension Flanges N/A Not Required
::J"I zs:: i §$ 2 & APPAG.1.3 Sections with Continuously Braced Compression Flanges N/A Not Applicable
LSpan 2 - 1200 . X APPAG.1.4 Sections with Continuously Braced Tension Flanges N/A Failed
Ly Span 2 - 1600 ft. B APPAG.2 Web Plastification Factors N/A General Comp.
|_1Span 2 - 18.00 . B APPA6.3.1 General N/A General Comp.
[L{Span 2 - 25.25 ft, B APPAG.3.2 Local Buckling Resistance N/A General Comp.
|| 5pan 2 - 26.83 f. B APPAG.2.3.1 Lateral Torsional Buckling Resistance N/A General Comp.
| Span 2 - 27.00 ft. APPA6.3.3.2 Lateral Torsional Buckling Parameters for Prismatic Unbraced Lengths N/A General Comp.
|_ISpan 2 - 3450 ft. B APPAB.3.3.3 Lateral Torsional Buckling Parameters for Nonprismatic Unbraced Lengths N/A General Comp.
|4 5pan 2 - 36.00 ft. APPAG.3.3.) Lateral Torsional Buckling Resistance - 5t. Venant Torsional Constant N/A General Comp.
|_i5pan 2 - 4375t APPAB.A Flexural Resistance Based on Tension Flange Yielding N/A General Comp.

One additional consideration with the 10 edition specs is the Appendix A6 applicablity. The 6.10.6.2.3 Composite

Sections in Negative Flexure and Noncomposite Sections spec article reports on the Appendix A6 applicablity at

each POI. With the 10" edition specs, the article A6 criteria needs to be satisfied at all points within the unbraced

length for Appendix A6 to be considered.

Close TrainingBridge2.

There is no need to save any changes to the model.
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Non-Prismatic Unbraced Regions

6.10.8.2.3 — Lateral Torsional Buckling Resistance
Open TrainingBridge3 from the BrDR sample database. First, verify the member alternative is set to use the
AASHTO LRFD 10% Edition spec for design and rating. Open the Member Alternative Description window by

double clicking on the Composite Plate Girder member alternative.

Workspace X

Bridge Compaonents
= ™ TrainingBridge3
B [ Components
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
E- & SUPERSTRUCTURE DEFIMITIONS
= f: Span GirderLine
. Impact/Cynamic Load Allowance

- 4 Load Case Description
- e Superstructure Loads
[Ej Shear Connector Definitions
- E’ Stiffener Definitions
- &3 MEMBERS

= I Exterior Girder
- o4 Member Loads
-~ "% Supports

=3 MEMEBER ALTERMATIVES
% I Composite Plate Girder (E) (C)
= &) BRIDGE ALTERMNATIVES

#- M Three Span Bridge (E) (C)
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Under the Specs tab in the window, check that the LRFD Analysis method type is set to use the LRFD 10" edition
spec version and that the LRFR Analysis method type is set to use the one of the MBE editions with the LRFD 10"
edition spec version. These may already be set as the system default spec versions. If the system default is set to a

different spec version, use the Override selection to set the AASHTO LRFD 10" edition for LRFD and LRFR.

M Member Alternative Description - O x

Member alternative: Compaosite Plate Girder

Description Specs Factors Engine Import Control options

Analysis method

. Analysis module Selection type Spec version Factors |
¥ ASR AASHTO ASR | System Default ~ |

LFR AASHTO LFR | System Default

LRFD AASHTO LRFD  ~ | System Default

LRFR AASHTO LRFR | System Default
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Analyze the Composite Plate Girder member alternative using the LRFR rating method and an HL-93 (US)

vehicle in the inventory design load rating category.

&M Analysis Settings

Design review o Rating

Analysis type: Line Girder

Vehicles Qutput Engine Description

Traffic direction:  Both directions

Wehicle selection

El-Vehicles
B} Standard

-HL-83 (S

~HL-93 (US)

~HS 15-44

~HS 20 (Sl)

~HS 20-44

~Lane-Type Legal Load
- LRFD Fatigue Truck (SI)
~LRFD Fatigue Truck (US)
- SU5

- Type 3-3

- Type 352

....A.gency

~User defined

- Temporary

Reset Clear

________________________________________

........................................

Rating method: LRFR

Apply preference setting:  Mone

Refresh Temporary vehicles
Vehicle summary

EI--Rating vehicles
=-LRFR
~Design load rating
~Imventory
L.-HL-93 (US)
--Operating
Add to - Fatigue
~Legal load rating
s --Routine
-Specialized hauling
-Permit load rating

Remowve from

o

Save template 0K

— O
N
N
Advanced
Apply Cancel

With the Composite Plate Girder member alternative selected, click on Analyze in the top ribbon to analyze the

member alternative.

H ANALYSIS REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS WIEW HELP DESIGMN/RATE REPORTING
- . —
=t g
Analyze Snalysis Engine
bvents Outputs
Results
Last Modified: 7/13/2025 13
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After the analysis is complete, select the Specification Check Detail button in the analysis ribbon to open the

specification check calculations for the member alternative.

u AMALYSIS REPORTS

BRIDGE WORKSPACE WORKSPACE O0LS WIEW HELP DESIGN/RATE REPORTING

& o B =

Analysis Analyze Analysis | Tabulaf Specification] Engine Results Save

Settings Events | Resultsf Check Detailf Outputs Graph Results
Analysis sults
D Specification Checks for Compesite Plate Girder - [u]
Articles
’\’/5 P All articles
Properties Generste  Format
Bullet list
Specification filter Repart
45 [¢ it i ion reference Limit State Flex. Sense Pass/Fail

» [y Stage 1
» |y Stage 2
» [ Stage 3
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To view the calculations for the LTB resistance at the first interior support, expand the spec check folder tree for

» Superstructure Component P Stage 3 P Composite Plate Girder » Span 1 — 140.00 ft.

D Specification Checks for Composite Plate Girder - 54 of 5108
Articles
\/;j P Al articles ~
Properties Generate Format
Bullet list e
Specification filter Report
; Slpan 1-112.00 ft. & | Specification reference Limit State Flex. Sense Pass/Fail
Ly Span1-119.00 ft X 6.10.8.1.3 Continuously Braced Flanges in Tension or Compression N/A Failed
[y Span 1-124.00 ft. 6.10.8.2.1 General N/A General Comp.
(L] Span 1 - 126.00 ft. 6.10.8.2.2 Local Buckling Resistance N/A General Comp.
|_15pan 1-133.00 fi. 6.10.8.2.3a Lateral Torsional Buckling Resistance N/A General Comp.
(=ySpan 1 - 140.00 ft. 6.10.8.2.3b.Ch Lateral Torsional Buckling Resistance - Cb Calculation N/A General Comp.
| Span 2-7.12 ft. 6.10.8.2.3b.Fe Lateral Torsional Buckling Resistance - Fe Calculation N/A General Comp.
(] Span 2 - 14,00 ft. 2 6.10.8.2.3b.rt Lateral Torsional Buckling Resistance - rt Calculation N/A General Comp.
| Span 2 - 14.25 i, 2 6.10.8.2.3c Lateral Torsional Buckling Parameters for Nonprismatic Unbraced Lengths N/A General Comp.
[15pan 2-17.50ft. ] 6.10.8.3 Flexural Resistance Based on Tension Flange Yielding N/A General Comp.
[=15pan 2 - 2138 ft. +/ 6.10.9 LRFD Shear Resistance N/A Passed
(i Span 2 - 28.50 ft. 6.10.9.1 Shear Resistance - General N/A General Comp.
FEETY.Y. PN
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As with the prismatic unbraced length calculations, a good starting point is to open the 6.10.8.2.3a Lateral
Torsional Buckling Resistance spec article. In this case, the spec article indicates that for negative flexure the
girder is non-prismatic between brace points along the bottom flange. This means the LTB parameters, Cb, Fe, and

rt, are computed according to AASHTO LRFD 6.10.8.2.3c¢ instead of 6.10.8.2.3b.

BB spec Check Detail for 6.10.8.2.3a Lateral Torsional Buckling Resistance = [m] *

Steel Structures -
10 I-Section Flexural Members

10.8 Flexural Resistance-Composite Sections in Negative Flexure and Noncomposite Sections
10.8.2 Compression-Flange Flexural Resistance

10.8.2.3 Lateral Torsicnal Buckling Reaistance

.10.8.2.3a General

{ARSHTO LRFD Bridge Design Specifications, Tenth Edition)

oy O Y Oy

Steel Plate - At Location = 140.0000 (ft) - Left Stage 3
Secticn within Top Flange Continuous Bracing Begicn

Section at Bottom Flange Brace Point

INFUT:

Composite: Yes

Top Flange Continuously Laterally Braced: Yes
Rolled Shape: No

Longitudinally Stiffened Web: No

Top Flange Bottom Flange

Fy = 50.0000 (ksi) Fy = 50.0000 (ksi)
E = 2%000.0042 (ksi) E = 25000.0042 (ksi)
Ib = 0.0000 (in) Ib = 336.0000 (im)
Prismatic: Yes Prismatic: No

SUMMARY:

Lp = 1.1%rt*S0RT (E/Fye) (£.10.8.2.3a-4)

Longitudinally Unstiffened Web:
Fyr = 0.5Fyc

Lr = pi*rt*30RT(E/Fyr) (6.10.8.2.38-5)
If Ib <= Lp then Ccmpact Unbraced Length
Fnc (LTB) = Bb*Eh*Fyc (6.10.8.2.3a-1)

If ILp < Ib <= Lr then Noncompact Unbraced Length

I I Fyr | I Ib-1Ip | |
Fac(LTB) =Cb % |1 - | 1 - ————— [#] ——————- | I* Rb * Rh * Fyc <= Rb*Rh*Fyc [6.10.8.2.3a-2)
| | Bh*Fyc | | Lr - Lp | |
Elze Slender Unbraced Length
Fnc (LTE) = Rb*Fe <= Eb*Bh*Fyc (6.10.8.2.3a-3)

where Fe iz computed in §.10.8.2.3b for prismatic unbraced lengths and
computed in 6.10.8.2.3c for non-prismatic unbraced lengths.

Limit Load Flexure Minimum
State Comb Type rt Forw Eb Rh Ip Lr Ck Fe Fnc (LTB
{in) (ksi) {in) (in) {ksi) {ksi)

STR-I 1, DesInvl Heg | | 5.864 50.000 1.000 1.000 155.3 £27.4 1.000 87.17 40.43 |
STR-I 1, DesInv Weg T.522 =, 000 T.000 T.000 T30.2 EI%. 6 T.000 B1.47 I7.03
STR-I 2, Dealnv Neg 5.877 50.000 1.000 1.000 155.7 £28.9 1.000 87.57 40.47
STR-I 2, Dealnv Neg 4.986 50.000 1.000 1.000 132.1 533.5 1.000 63.03 37.30
STR-T 3, Dealnv Neg 5.253 50.000 1.000 1.000 139.2 562.1 1.000 £3.97 38.37
STE-I 3, Dealnv Neg 5.090 50.000 1.000 1.000 134.8 544.6 1.000 65.67 37.73
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Open the 6.10.8.2.3¢ Lateral Torsional Buckling Parameters for Nonprismatic Unbraced Lengths spec article

to view the detailed calculations for the LTB parameters.

SUMMARY :

Ch =1.0 (6.10.8.2.3c-1)

Fe = gammaE * fbu (6.10.8.2.3c-2)

rt = Lb / pi * 3QRT(Fe [/ E) (6.10.8 2.3:—3”

Limit Load Flexure

State Comb Type gammak fbu Fe rt
(kai) (kai) {in)

5TR-T 1, DesInw Heg 3.BE2 23.6874 B7.166 5.884

5TR-I 1, DeslInw Heg 1.202 51.080 81.413 4,922

5TR-I 2, DeslInw Heg 3.587 24,418 B7.375 2.8

The elastic lateral torsional bucking load ratio, y,, is computed according to AASHTO LRFD Appendix D6.6.
AASHTOWare BrDR supports Method A and Method B calculations for the elastic LTB load ratio. The calculation
method is selected based on the control option for the member alternative. By default, members are assigned to use

Method A.

Appendix A6.3.3 — Lateral Torsional Buckling Resistance

When Appendix A6 is used to compute the LTB capacity of a non-prismatic unbraced length, the same process can
be used to view the results.

The APPA6.3.3.1 Lateral Torsional Buckling Resistance spec article has the general LTB calculations for the
member. To view the detailed calculations for the non-prismatic parameters open article APPA6.3.3.3 Lateral
Torsional Buckling Parameters for Nonprismatic Unbraced Lengths. The parameters are computed based on the

elastic LTB load ratio, y,, as computed in Appendix D6.6 using Method A or Method B.
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Appendix D6.6.2 — Calculation of the Elastic Lateral-Torsional Buckling Load Ratio, ¥, — Method A

Set the load ratio calculation type to Method A for the Composite Plate Girder member alternative. Open the

Member Alternative Description window for the Composite Plate Girder by double clicking on the Composite

Plate Girder node in the bridge workspace tree. Under the Control options tab, make sure the Method A LTB

GammaE Method control option is selected for LRFR.

M Member Alternative Description

Member alternative: Composite Plate Girder

Description Specs Factors Engine Import

LRFD
B Points of interest
Generate at tenth points

Generate at section change points
Generate at user-defined points
Generate at stiffeners
Allow moment redistribution
Use Appendix A6 for flexural resistance
Allow plastic analysis

Ignore long. reinf. in negative moment capacity

LFR
(24 Points of intersst
Generate at tenth points

Generate at section change points
Generate at user-defined points
Allow moment redistribution
Allow plastic analysis of cover plates
Include field splices in rating
Include bearing stiffeners in rating

Allow plastic analysis

Control options

»

»

LRFR
Consider tension-field action in stiffened web end panels

Must consider user input lateral bending stress
Consider concurrent moments in Cb calculation

Use compact web alternate Cb calculation
3178 GammaE Method

© Method A
Method B
L Distribution factor application method

By axle

Qyrol

ASR
I Points of interest
Generate at tenth points

Generate at section change points
Generate at user-defined points
Ignore long. reinf. in negative moment capacity
Consider deck reinf. development length

Consider tension-field action in stiffened web end panels

oK Apply Cancel

If any changes are made to the control options, select OK to apply the changes and close the window.

After analyzing the member alternative, the spec check calculations will include articles related to the Method A

calculations. When the elastic LTB load ratio is computed according to Method A, the following spec articles will

include details on how y,, is computed.

APPDA.G.2.2 Shear Center

APPD&.6.2 Elastic Lateral-Torsional Buckling Load Ratio
APPD®B.6.2 Elastic Lateral-Torsional Buckling Moment
APPD6.6.2.1 Nonprismatic Geometry Modification Factor

APPD6.6.2.2 Calculation of Gamma E for I-Section Members with Transitions

MNAA
N/A
N/A
N/A
MNAA

General Comp.
General Comp.
General Comp.
General Comp.

General Comp.

Last Modified: 7/13/2025
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Appendix D6.6.3 — Calculation of the Elastic Lateral-Torsional Buckling Load Ratio, ¥, — Method B

Now set the load ratio calculation type to Method B for the Composite Plate Girder member alternative. Open the
Member Alternative Description window for the Composite Plate Girder by double clicking on the Composite
Plate Girder node in the bridge workspace tree. Under the Control options tab, make sure the Method B LTB
GammaE Method control option is selected for LRFR.

M Member Alternative Description = [m] X

Member alternative: Composite Plate Girder

Description Specs Factors Engine Import  Control options
LRFD LRFR
IE31 Points of interest el Consider tension-field action in stiffened web end panels -
Generate at tenth points Must consider user input lateral bending stress
Generate at section change points Consider concurrent moments in Cb calculation
Generate at user-defined points Use compact web alternate Cb calculation
Generate at stiffeners 318 GammaE Method

A

Allow moment redistribution

O Method B

1|
Al

Use Appendix A6 for flexural resistance

. r application method
Allow plastic analysis

o . . By axle
I—gnor-e‘ Icn.g‘ Temrj‘ |-r| f\egaltlve mcm:\ant Tapac\ty . o By POI !
LFR ASR
23 Points of interest - I Points of interest
Generate at tenth points Generate at tenth points
Generate at section change points Generate at section change points
Generate at user-defined points Generate at user-defined points
Allow moment redistribution Ignore long. reinf. in negative moment capacity
Allow plastic analysis of cover plates Consider deck reinf. development length
Include field splices in rating Consider tension-field action in stiffened web end panels
Include bearing stiffeners in rating
Allow plastic analysis
- v
OK Apply Cancel

If any changes are made to the control options, select OK to apply the changes and close the window.

When the elastic LTB load ratio is computed according to Method B, the following spec articles will include details
on how y, is computed. Note that Method B uses a weighted average cross section approach when computing the
elastic LTB load ratio. In some instances, the cross-section variation input in BrDR may include transitions which
differ from the expected variation for the Method B interpolation equations. For these cases, BrDR will revert to
Method A for the load ratio calculation. This is why some of the prerequisite Method A calculations are also

included here.

[B APPD6.6.2 Elastic Lateral-Torsional Buckling Moment N/A General Comp.
[E APPD6.6.2.2 Shear Center MN/A General Comp.
B APPD6.6.3.Cb Calculation of the Elastic LTE Load Ratio - Method B N/ General Comp.
[B APPD6.6.3.CrossSection Calculation of the Elastic LTB Load Ratio - Method B N/A General Comp.
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