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Material Properties

Structural Steel: AASHTO M270, Grade 50W uncoated weathering steel with Fy = 50 ksi
Deck Concrete: f'c = 4.0 ksi, modular ration = 8

Slab Reinforcing Steel: AASHTO M31, Grade 60 with Fy = 60 ksi

Cross Frame Connection Plates: 3/4" x 6"
Bearing Stiffener Plates: 7/8" x 9"
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BrDR Tutorial

Topics Covered

e  Selection of Specification Edition
e  Steel Member Alt Control Options
o Moment redistribution
o Use Appendix A6 for flexural resistance.
o Allow plastic analysis.
o Ignore longitudinal reinforcement in negative moment capacity.
o Distribution factor application method.
e LRFD Design Review
o  Export of steel girders to the AASHTO LRFD analysis engine
e AASHTO LRFD specification checking
e Tabular Results
e Distribution Factor application method
o FE model output
e Additional reporting (Report Tool)
e AASHTO LRFD Method of Solution
¢  Moment Redistribution

e  Specialized hauling vehicles, overriding legal load factors, permit lane loads and gapping out the lane load.

Selection of Specification Edition
BrDR Version 7.5.0 allows the user to pick from several versions of the AASHTO Specifications for the AASHTO
analysis engines. The following LRFD and LRFR specifications are supported by the AASHTO engines.
e AASHTO LRFD Bridge Design Specifications, 4th Edition, with 2008 interims
e AASHTO LRFD Bridge Design Specifications, 4th Edition, with 2009 interims
e AASHTO LRFD Bridge Design Specifications, 5th Edition
e AASHTO LRFD Bridge Design Specifications, 5th Edition, with 2010 interims
e AASHTO LRFD Bridge Design Specifications, 6th Edition
e AASHTO LRFD Bridge Design Specifications, 6th Edition, with 2013 interims
e AASHTO LRFD Bridge Design Specifications, 7th Edition
e AASHTO LRFD Bridge Design Specifications, 7th Edition, with 2015 interims
e AASHTO LRFD Bridge Design Specifications, 7th Edition, with 2016 interims
e AASHTO LRFD Bridge Design Specifications, 8th Edition
e AASHTO LRFD Bridge Design Specifications, 9th Edition
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e AASHTO Manual for Bridge Evaluation, 1st Edition

e AASHTO Manual for Bridge Evaluation, 1st Edition, with 2010 interims
e AASHTO Manual for Bridge Evaluation, 2nd Edition

e  AASHTO Manual for Bridge Evaluation, 2™ Edition, with 2011 interims
e AASHTO Manual for Bridge Evaluation, 2ndEdition, with 2013 interims
e AASHTO Manual for Bridge Evaluation, 2ndEdition, with 2014 interims
e AASHTO Manual for Bridge Evaluation, 2ndEdition, with 2015 interims
e AASHTO Manual for Bridge Evaluation, 2ndEdition, with 2016 interims
¢ AASHTO Manual for Bridge Evaluation, 3rd Edition

e AASHTO Manual for Bridge Evaluation, 3rd Edition, with 2019 interims
e AASHTO Manual for Bridge Evaluation, 3rd Edition, with 2020 interims
e AASHTO Manual for Bridge Evaluation, 3rd Edition, with 2022 interims
e AASHTO Manual for Bridge Evaluation, 3rd Edition, with 2023 interims

Along with this new feature, Factors are now associated with versions of the specification. This was done since
different versions of the spec can have different limit states and load factors. Below is the Library LRFD Factors

window for the factors that correspond to the Fourth Edition with 2009 interims specifications.

Factors: LRFD: 2007 (2009 interim) AASHTO LRFD Spec —-ox
Name Library
Description:

Load factors Load factors (cont'd) | Limit states Concrete | Steel ‘ ‘Wood | Buried structures Load modifiers Specifications |

This set of factors is associated with the following versions of the specifications:

Name Description

[T LRFD 4th 2008i

LRFD 4th 2009
LRFD 5th
LRFD Sth 2010i
LRFD 6th
LRFD 6th 2013i
] LRFD 7th
[] LRFD Tth 2015i
[T LRFD 7th 2016i
"I LRFD 8th
["] LRFD 9th

AASHTO LRFD Specification - 4th Edition with 2008 Interims

AASHTC LRFD Specification -
AASHTO LRFD Specification -
AASHTO LRFD Specification -
AASHTO LRFD Specification -
AASHTO LRFD Specification -
AASHTO LRFD Specification -
AASHTO LRFD Specification -
AASHTO LRFD Specification -
AASHTO LRFD Specification -
AASHTO LRFD Specification -

4th Edition with 2009 Interims
Sth Edition
5th Edition with 2010 Interims
6th Edition
6th Edition with 2013 Interims
Tth Edition
Tth Edition with 2015 Interims
Tth Edition with 2016 Interims
Sth Edition
9th Edition

Close

This set of factors cannot be applied to any versions of the specification prior to 2009 since they contain Fatigue | and

Fatigue Il limit states that were revised in the 2009 interims.
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System Defaults - Specifications

Default specifications can be set in the System Defaults as shown below. Open the CONFIGURATION browser by
clicking on the Configuration button on the VIEW ribbon of the Bridge Explorer.

AASHTOWare Bridge Design and Rating ERE R =
ERIDGE FOLDER RATE TOOLS VIEW
: [} select All (-EA US Customary || 'i 22
FG letrieve Next wSelectNone - E}
Refresh _ Sort  Select Library] Configuration
W Invert Selection By~ Columns
Bridge Explorer View
- Favorites Falder |Ea] Bridge ID Bridge N
-2 Recent Bridges » 1 TrainingBridge1 Training Bridge 1(LRFD)  ~
9 Al Bridges 2 TrainingBridge? Training Bridge 2(LRFD)
- @ Templates 3 TrainingBridge3 Training Bridge 3(LRFD)
@ Deleted Bridges _g_ g_ g - g_
4 PClTrainingBridge1 PCI TrainingBridge1{LFD)
5 PClTrainingBridge2 PClITrainingBridge2(LRFD)
6 PCITrainingBridge3 PCI TrainingBridge3({LFD)
7 PClTrainingBridged PCITrainingBridge4(LRFD)
& PClTrainingBridge5 PCI TrainingBridge3(LFD)
9 PCITrainingBridge6 PCITrainingBridge6(LRFD)
an ¢ e I3 L7 nc oo

Click on the System Defaults node in the CONFIGURATION tree and select Open from the Manage group of the
CONFIGURATION ribbon (or double click on System Defaults) as shown below.

E AASHTOWare B.... CONFIGURATION

ERIDGE EXPLORER | COMNFIGURATION |

& 2 0 A0

Mew Rename Delete New] Open pPe

te | Close

- (5] Private Analysis Setting Template Admin A
- B Private Analysis Setting Templates
- B Private Bridge Folders

ﬁ Private Folder Administration

@ Public Analysis Setting Templates
- (&) Public Bridge Folders

- B Rating Events

a Systemn Data Export/Import

- @ System Defaults

- (&) User Profile Settings

----- &) User-Owned Library Entries

— [ Parameters

- [ System Defaults

- Engine Detaults

T

? — 0O X
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The System Defaults window is displayed as shown below. Navigate to the Specifications tab. Default Spec Version

and Factors can be set for each Analysis module. The defaults set in this window will be used when new member
alternatives are created. For this tutorial, set the AASHTO LRFD Spec version to LRFD 9™ and use the 2020
AASHTO LRFD Specification factors as shown below.

-

[er | CONFIGURATION

BRIDGE EXPLORER CONFIGURATION

Manage

- B Users
-3 All Users
A Administrators
3 Design Engineers
S Managers
-3 Rating Engineers
-8 Routing Engineers
-3 Access Privileges
() Access Rights
- () Bridge Administration
(3 Bridge Check-Out
- (3 Bridge Description
() Bridge Description Custom Agency Field Labels
(%) Bridge Exchange
Bridge List
- (3 Bridge Locking and Unlocking
(3 BrM Rating Events
(3 BrM Rating Vehicles
(%) Configuration
- (3 Design Events
- (5] General Preferences
(3 Libraries
() Library Import
(3 Link to BrM Bridges
- (3] Load Rating Tool
-3 Log Events
(3 Parameters
(3 Private Analysis Setting Template Administration
- () Private Analysis Setting Templates
- (3] Private Bridge Folders
(3} Private Folder Administration
(3 Public Analysis Setting Templates
(%) Public Bridge Folders
- (3 Rating Events
- (3] System Data Export/Import
() System Defaults
(3 User Profile Settings
() User-Chwned Library Entries

-
[ System Defaults

T Engine Defauls

L

AASHTOWare Bridge Design and Rating 7 - o x|
System Defaults X
General  Bridge workspace  Superstructure analysis Substructure analysis  Tolerance  Custom agency fields
Analysis module A“"";p“;““"" Trzsrme s
AASHTO ASR ASR MBE 3rd 2023/, 5td 17th | N/A v
AASHTO Culvert LR LR MBE 3rd 2023i,Std 17th | 2002 AASHTO Stdl. Specifications v
AASHTO Culvert LRFD LRFD LRFD 0th | 2020 AASHTO LRFD Specifications v
AASHTO Culvert LRFR LRFR MBE 3rd 2023i, LRFD 9th | 2018 (2022 Interim) AASHTO LRFR Spec. v
AASHTO LFR LR MBE 3rd 2023i,5td 17th | 2002 AASHTO Stdl. Specifications v
> | AASHTO LRFD LRFD LRFD 9th | 2020 ABSHTO LRFD Specifications ~1]
AASHTO LRFR LRFR MBE 3rd 2023, LRFD 9th | 2018 (2022 Interim) AASHTO LRFR Spec. v
AASHTO Metal Culvert LFR LR MEBE 3rd 2023/, 5td 17th | 2002 AASHTO Stdl. Specifications v
AASHTO Metal Culvert LRFR LRFR MBE 3rd 2023i, LRFD 9th | 2018 (2022 Interim) AASHTO LRFR Spec. v
AASHTO Timber ASR ASR MBE 3rd 20231, 5td 17th | N/A v
AASHTO Timber LRFR LRFR MBE 3rd 2023i, LRFD 9th | 2018 (2022 Interim) AASHTO LRFR Spec. v
AASHTO Truss LR LR MBE 3rd 2023i,Std 17th | 2002 AASHTO Std. Specifications v
AASHTO Truss LRFR LRFR MBE 3rd 2023/, LRFD 0th | 2018 (2022 Interim) AASHTO LRFR Spec. v
BRASS ASD ASR v N v
BRASS LFD LR v v
BRASS LRFD LRFD v v
BRASS LRFR LRFR v v
BRASSGIRDER LFD LR v v
BRASS-GIRDER LRFD LRFD v v
BRASS-GIRDER LRFR LRFR v -
Madero ASR ASR MCEE 1st, Std 16th v v v

Edit spec-factor association...

Click Save to save the default settings.
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Use the Import function of BrDR to import the bridge STL6-AASHTO-Steel-Plate-Girder.xml provided for this
tutorial. Open BrDR and click on the Import button from the Bridge group of the BRIDGE ribbon as shown below.

E AASHTOWare Bridge Design and Rating ? - 0O X

BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW
_Q & Imp::urt L@é El_l |I’

OB tch ~
MNew Open Open Find Copy Copy
Tor
Bridge Manage
.7 Favorites Folder | N | Bridge ID
@' F{ecerjut Bridges b 1 TrainingBridgel -
Fal Babe 2 TrainingBridgeZ 3
--ﬁTempIates 3 TraininaBridae3
rainingBridge
@ Deleted Bridges _g_ g_
4 PClTrainingBridge
5 PClTrainingBridge2 -
4 [ »
Total Bridge Count: |22 |

Select the bridge from the STL6 tutorial and click the Open button to import this bridge into BrDR.

[ 1mport x>
« v > ThisPC » Desktop » STLG ~ D £ Search 5TLG

Organize « Mew folder ==« [ 0

[ This PC & Name Date modified Type Size
_J 3D Objects |j STL6-AASHTO-Steel-Plate-Girder 11/3/2022 10:12 AM XML Document 562 KB
[ Deskiop
@ Documents
& Downloads
b Music
=/ Pictures
8 videos
= 05
- DATA (D7)

¥ Network

v

File name: | STL6-AASHTO-Steel-Plate- Girder v| AASHTOWare Bridge XML (xm ~
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Expand the Bridge Workspace tree to show the member alternative for member G2. The partially expanded Bridge

Workspace tree is shown below.

Workspace - oOx

Bridge Components
- My StI6_Training
B [ Companents
- [ Diaphragm Definitions
B Lateral Bracing Definitions

MFF | RFD Multiple Presence Factors
EE Environmental Conditions

- DF Design Parameters
= &3 SUPERSTRUCTURE DEFINITIONS
- b 2 Span, 4 Girder system
:1.1 Impact/Cynamic Load Allowance
2L Load Case Description
- &2 Framing Plan Detail
E’ Bracing Deterioration
- BSC Bracing Spec Check Selection
. m Structure Typical Section
- oy Superstructure Loads
[ Shear Connector Definitions
- [ Stiffener Definitions
= &) MEMBERS
B I G1
= I G2
- oby Member Loads
" Supports
- | MEMBER ALTERMATIVES
@ I Plate Girder (E) (C)
- &1 Default Materials
_]f Impact/Cynamic Load Allowance
- B Girder Profile
. Hinge Locaticns
2 Splice Locations
- 91 Deck Profile
- P Haunch Profile
- B3 L ateral Support

- B Stiffener Ranges
#- [ Bearing Stiffener Locations
Lt Live Load Distribution
E’ Points of Interest
----- =1 Detericration Profile
#- I Plate Girder - Allow Moment Redistribution
- T G3
- T G4
[+ b Corrugated Deck - Steel Beam
= &) BRIDGE ALTERMATIVES
-- D} Bridge Alternative 1(E) (C)

Last Modified: 3/5/2024 9
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Member Alternative Description — Specs
Double click on the Plate Girder member alternative for member G2 in the Bridge Workspace tree to open the

Member Alternative Description window and navigate to the Specs tab of this window as shown below.

M Member Alternative Description = O X

Member alternative:  Plate Girder
Description Factors Engine Import Control options

Analysis method

o Analysis module Selection type Spec version Factors
ASR AASHTO ASR ~ | System Default ~
LFR AASHTO LFR ~ | System Default ~
¥ m AASHTO LRFD ~ | System Default ~
LRFR AASHTO LRFR ~ | Systemn Default ~
OK Apply Cancel

The table above provides an Analysis module for each analysis method. With each engine there may be various
specification editions to choose from. Each specification edition may provide various load factor sets. For this tutorial,
select System Default under Selection type for each Analysis method type. This selection uses the Spec version

and Factors that were set as default values earlier in the System Defaults window.
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Member Alternative Description — Control options

Navigate to the Control options tab of this window. This tab allows the user to select the following features.

I Member Alternative Description - O *
Member alternative: | Plate Girder
| Description ] Specs ] Factors ] Engine ] Import ] Control options .\'|
LRFD LRFR
[E31 Points of interest Epoints 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 stiffenars |:| (Generate at stiffeners
|:| Allow moment redistribution |:| Allow moment redistribution
[] Use Appendix A6 for flexural resistance [[] Use Appendix A6 for flexural resistance
Allow plastic analysis Allow plastic analysis
[] Ignare long. reinf. in negative moment capacity [[] Evaluate remaining fatigue life
[] Consider deck reinf. development length []ignore leng. reinf. in negative moment capacity
[] Must consider user input lateral bending stress Include field splices in rating
["] Consider concurrent moments in Cb calculation [] Consider deck reinf. develapment length
D!'stribut ion factor application method ["] Consider tension-field action in stiffened web end panels
By axle [] Must consider user input lateral bending stress
\ &) By POI |:| Consider concurrent moments in Cb calculation hd
LFR ASR
I3 Points of interest 2 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 leng. reinf. in negative moment capacity
[] Allow plastic analysis of cover plates [] Consider deck reinf. develapment length
Include field splices in rating [] Consider tension-field action in stiffened web end panels
[ Include bearing stiffeners in rating
Allow plastic analysis
O Ignore long. reinf. in negative moment capacity
[} Ignore overload operating rating
[ Ignore shear
[] Consider deck reinf. development length
[] Cansider tension-field action in stiffened web end panels
I3 Distribution factor application method
QK | | Apply | | Cancel

Note: The article numbers referenced below are from AASHTO LRFD Bridge Design Specifications, 9th Edition and
AASHTO Manual for Bridge Evaluation,3™ Edition with 2023 interims.

Allow moment redistribution

This control option considers moment redistribution as per Appendix B6 of the specifications. In the moment
redistribution process, some of the negative moment at the pier is redistributed along the beam. This option will first
initiate the spec checks in Appendix B6.2 to determine if moment redistribution is permissible as per the specifications.

If redistribution is not permissible, then it will not occur even if this option is selected.
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Use Appendix A6 for flexural resistance

This control option considers Appendix A6 of the Specifications for flexural resistance. Using Appendix A6 can result
in flexural resistances greater than the yield moment, My, for certain types of sections. The program will first check
if Appendix A6 is permissible by checking the requirements in Article 6.10.6.2.3. If the use of Appendix A6 is not

permissible, then it will not be used even if this option has been selected.

Allow plastic analysis
This control option considers the plastic moment capacity for compact, composite sections in positive flexure. If this
option is selected, the program will evaluate Articles 6.10.7.1.1 and 6.10.7.1.2. If this option is not selected, Articles

6.10.7.1.1 and 6.10.7.1.2 will not be evaluated and all positive flexure sections will be considered non-compact.

Ignore long. reinforcement in negative moment capacity
This control option allows the user to ignore the contribution of the longitudinal deck reinforcement when computing

the negative moment capacity of the section.

Distribution Factor Application Method
Select the method to be used for the application of live load distribution factors.
e By axle - causes the distribution factor at the location of the axle to be used for each axle.

e By POI - causes the distribution factor at the location of the point of interest to be used for all axles.

Similar behavior applies for lane load.
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LRFD Design Review

An LRFD design review of this girder for HL93 loading can be performed by AASHTO LRFD. To perform an LRFD
design review, select the Analysis Settings button on the Analysis group of the DESIGN/RATE ribbon.

o | Bridge Workspace - Sti6_Training ANALYSIS REPORTS ¢ — O X
BERIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING ~
3% =
= = SN
Analysis Analysis Engine
Settings Events Outputs
Analysis Results

Click the Open Template button and select the LRFR Design Load Rating to be used in the rating and click Open.

D Open Template >
| Templates | Description | Analysis Cwner | Public / Private
+ [HL 93 Design Review | HL 93 Design Review LRFD Public
HS5 20 LFD Rating HS5 20 LFD Rating LFR Pukblic
LRFR. Design Load Rating LRFR Design Load Rating | LRFR Public
LRFR. Legal Load Rating LRFR Legal Load Rating | LRFR Public
oo ] [
Last Modified: 3/5/2024 13
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The Analysis Settings window will be populated as shown below.

& Analysis Settings — O
o Design review Rating Design method: -RFD -
Analysis type: Line Girder w
Lane / Impact loading type: As Requested W Apply preference setting: Mone e
Vehicles Qutput Engine Description
Traffic direction: Both directions Refresh Temporary vehicles Advanced
Wehicle selection Vehicle summary
E-Vehicles E--Design wvehicles
&-Standard ~Design loads
~Alternate Military Loading l..HL-93 us)
- EW2 - Permit loads
-EV3 ~Fatigue loads
-HL-93 (5) - LRFD Fatigue Truck (US)
-HL-03 (US) Add to
-HS 20 (51)
~HS 20-44
- LRFD' Fatigue Truck (S}
----- LRFD Fatigue Truck (US)
-Agency
--User defined
- Temporary Remowe from
<4
Reset Clear Open template Save template OK Apply Cancel
Last Modified: 3/5/2024 14
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Navigate to the Output tab of this window and select the following reports to be generated during the analysis.

& Analysis Settings — O X
o Design review Rating Design method: LRFD h
Analysis type: Line Girder w
Lane / Impact loading type: As Requested W Apply preference setting: Mone e
Vehicles Engine Description
— Tabular results — AASHTO engine reports
Dead load action repart [E3 Miscellaneous reports:

. . Girder properties
Live load action report - prop

o Summary influence line loading
Concrete limit state summary report ’ -
LRFD critical loads report

LRFD specification check report

PS concrete stress report

Detailed influence line loading
C 1 s

Capacity summary

- . . .
Capacity detailed computations

£ i
RC service stress report F& madel for DL analysis

[T

Steel limit state summary report FE model for LL analysis

LL influence lines FE madel

LL influence lines FE actions
LL distrib. factor computations
LL distrib. factor summary
Regression data

Camber

Fatigue stress ranges

Service |l stress ranges
Specification output:
LRFD/LRFR conc article detailed

Select all Clear all Select all Clear all

Reset Clear Open template Save template OK Apply Cancel

Click OK to apply the data and close the window.

With Plate Girder member alternative for member G2 of 2 Span, 4 Girder System superstructure definition selected,
click the Analyze button on the Analysis group of the DESIGN/RATE ribbon to perform the design review. The

Analysis window should be reviewed for any warning messages.

o | Bridge Workspace - 5tI6_Training ANALYSIS RPORTS ? — O X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING A
- # - 7] -
A | &= | |5= S5~
Analysis| Analyze JAnalysis Engine
Settings Events Outputs
Analysis Results
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Export of steel girders to the AASHTO LRFD analysis engine

The following steps are performed during the design review of a steel girder using the AASHTO LRFD analysis

engine.
1.

Finite element models are generated for the dead load and live load analyses. A Stage 1 FE model is generated
for the beam dead load and non-composite dead loads. A Stage 2 FE model is generated for dead loads
applied to the long-term composite section properties. A Stage 3 FE model is generated for the live load

analysis.

Stage 2 models contain section properties corresponding to the sustained modular ratio factor entered in
BrDR (e.g., 3n). Stage 3 models contain section properties corresponding to the modular ratio (n). The FE
model will consider the presence of shear connectors when setting the composite properties in the FE models.
Regions that do not contain shear connectors will use non-composite section properties in the Stage 2 and 3
FE models.

In addition to the points selected on the Member Alternative Description - Control Options tab, the model
generated by the export to the AASHTO LRFD analysis engine will always contain node points at brace
point locations and locations midway between the brace points. Only the articles required to compute stresses
are processed at these points if the point is not being processed for one of the options chosen on this tab. The

stresses at these locations are required when determining the flexural capacity of the steel girders.

The specification checking occurs in two phases. The first phase determines the type of flexure present at
each point for each controlling load combination. This is necessary because the flexural articles to be
considered in the Specification are dependent on the type of flexure the beam is subjected to. The second
phase performs the specification checks taking into consideration the flexure type determined in the first

phase.

Phase 1:

Positive flexure is defined as the bending condition that produces compressive stress (denoted by a negative
sign in the program) in the slab for composite construction or the top flange for non-composite construction.
Negative flexure is defined as the bending condition that produces tensile stress (denoted by a positive sign)
in the slab or top flange. As per Article 6.10.1.1.1b, the stress in the top of the slab (or top flange for non-
composite construction) is first computed using the positive flexure section properties. If this stress is
compressive, the stresses in each component of the beam (slab, longitudinal reinforcement, flanges, cover
plates, and web) are computed using the positive flexure section properties. If the stress in the top of the slab
(or top flange for non-composite construction) is tensile, the stresses in each component of the beam are
computed using the negative section properties.
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If the resulting computed stress in the bottom flange is tensile, the beam is in positive flexure for the load

combination. If the resulting computed stress in the bottom flange is compressive, the beam is in negative

flexure for the load combination.

Phase 2:

The remaining articles are evaluated taking into consideration the flexure type determined in the first phase.

AASHTO LRFD Specification checking

AASHTO LRFD analysis will generate a spec check results file. Click the Engine Outputs button from the Results

group of the DESIGN/RATE ribbon to open the following window.

E Bridge Workspace - 5tl6_Training AMALYSIS (EPORTS

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGMN/RATE REPORTING
= = =5 ([®|x A
= = = 354

Fesults  Sawve
Graph Results

Analysis Analyze Analysis | Tabular Specification] Engine
Settings Events | Results Check Detail | Outputs

Analysis Results

-
|
a
x

This summary report lists the design ratios for each spec article at each spec check location point. The design ratio is

the ratio of capacity to demand. A design ratio less than one indicates the demand is greater than the capacity and the

spec article fails. A design ratio equal to 99.0 indicates the section is subject to zero demand.

D 5tl6_Training - d ot

E-5tl6_Training
B2 Span, 4 Girder system
G2
[Z-Plate Girder
- AASHTO_LRFD
~Stage 3 Infl Lines Span Model
-Live Load Distribution Factors Calculations
~Live Load Distribution Factors Calculations Summary
~5Stage 3 Spec Check Results (Wednesday Feb. 22, 2023 11:58:09)
-Stage 1 Span Model
~Stage 1 Span Model Actions
~Stage 2 Span Model
~Stage 2 Span Model Actions
-Stage 3 Span Model Actions
----- Log File
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D Stage 2 Spec Check Results

Bridge ID : Stl6_Training NBI Structure ID : St16_Training
Bridge : 2 Span Plate Girder Training Bridge Alt -

Superstructure Def : 2 Span, 4 Girder system

Member - G2 Member Alt - Plate Girder
Analysis Preference Setting -

AASHTO LRFED Specification, Edition 9. Interim 0

Specification Check Summary

Article Status
Flexure (6.10.7.1.1. 6.10.7.2.1, 6.10.8.1.1, 6.10.8.1.1, Pass
6.10.8.1.1)
Shear (6.10.9) Fail
Fatigne (6.10.5.3, 6.6.1.2.2 Pass
Serviceability (6.10.4.2.2 Pass
Constructability (6.10.3.2.1, 6.10.3.2.2, 6.10.3.2.3) Pass
Transverse Stiffeners (6.10.11.1.2, 6.10.11.1.3) Fail
Longitudinal Stiffeners (6.10.11.3.1. 6.10.11.3.2, NA
6.10.11.3.3)
Bearing Stiffeners (6.10.11.2.2, 6.10.11.2.3, 6.10.11.2.4) | Pass
Shear Connector (6.10.10.1, 6.10.10.4) NA

Field Splice (6.13.2.6. 6.13.2.7. 6.13.5.3, 6.13.6.1.3a,

6.13.6.1.3b,6.13.6.1.3c) NA
Minimum Negative Flexure Concrete Deck Reinforcement
Pass
(6.10.1.7)
Deflection (2.5.2.6.2) Pass

Girder Member Proportions and Compactness (Stage 3)

Location Composite Proportion Code Compact Code
(ft) Code Check Check
0.000 Yes Pass - Compact E
9.000 Yes Pass - Compact E
18.000 Yes Pass --- Compact E
27.000 Yes Pass - Compact E
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STL6 — Two Span Plate Girder Example

Specification Check Detail
The specification checks can be viewed by selecting the Specification Check Detail button from the Results group
of the DESIGN/RATE ribbon.

6 | Bridge Workspace - 5ti6_Training ANALYSIS RPORTS ¢ — O X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING ~

N =
s L
Analysis Analyze Analysis | Tabular |Specification | Engine Results  Save

Settings Events | Results |Check Detail fOutputs Graph Results
Analysis

Select Stage 3, Plate Girder from the Specification Checks tree and click the Properties button from the

Specification filter ribbon to open the Spec-Check Viewer Filter Properties window as shown below.

M Specification Checks for Plate Girder - 992 of 1678 - m} X
Articles
7 All articles ™
2 o
Properties Generate Format
Bullet list he
Specification filter Report
4 | Superstructure Component  * | Specification reference Limit State Flex. Sense Pass/Fail [a)
b | Stage 1 1.3.2.1 Design Philosophy - Limit State - General N/A General Comp.
b | Stage 2 +/ 25.2.6.2 Criteria for Deflection N/A Passed
4 |_Stage 3 4.6.27.1 |-Sections - Lateral Wind Load Distribution in Multibeam Brid N/A General Comp.
4 {_yPlate Girder 5.4.2.6 Modulus of Rupture MN/A General Comp.
|1 5pan 1-0.00 ft. 6.10.1.1.1b Stresses for Sections in Positive Flexure MNiA General Comp.
I=15pan 1-9.00 ft. 6.10.1.10.1 Hybrid Factor, Rh /A General Comp.
fSpan 1- 1600 f £.10.1.10.2 Web Load-Shedding Factor, Rb N/A General Comp.
[ Span 1- 1200t + 6.10.1.6 Flange Stress and Member Bending Moments N/A Passed
Lt Span 1 - 27.00 . +/ 6.10.1.7 Minimum Negative Flexure Concrete Deck Reinforcement N/A Passed
IdSpanT- 32007 610.1.9.1 Webs without Longitudinal Stiffeners N/A General Comp.
| Span 1-36.00 ft. . . - .
v 6.10.11,1.2 Transverse Stiffeners - Projecting Width N/A Passed
|1 Span 1-45.00 ft. ’ :
v/ 6.10.11.1.3 Transverse Stiffeners - Moment of Inertia MN/A Passed
HSpen 1o a0  610.11.2.2 Projecting Width N/A Passed
10012, 1 t] /
[15pan 1- 5400 ft. rajseting W ) : asse
&g Span 1- 63.00 f. ~ 6.10.11.2.3 Bearing Stiffeners - Bearing Resistance MNAA Passed
|L4Span 1-6400F o +/ 6.10.11.2.4 Axial Resistance of Bearing Stiffeners N/A Passed .
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STL6 — Two Span Plate Girder Example

Navigate to the Spec articles tab. Click the Clear all button and select the article 6.10.9 from the Reference column

as shown below.

[ Spec-Check Viewer Filter Properties - [m] X
Filter name; <Default Filter> -
Mew... Open... Save Delate
General Description

Reference Article -
6.10.8.23 Lateral Torsional Buckling Resistance
6.10.823.Cb Lateral Torsional Buckling Resistance - Cb Calculation
610.8.23.rt Lateral Torsional Buckling Resistance - rt and Lp Calculation
6.10.8.3 Flexural Resistance Based on Tension Flange Yielding

6.10.8 LRFD Shear Resistance ]
6.10.9.1 Shear Resistance - General

6.10_General_Flexura

6.133.24 Fillet Welded Connections
6.6.1.2.2 Design Criteria
6941 Bearing Stiffener Nominal Resistance
APPDE1 Plastic Moment
APPD6.2 Yield Moment
APPDE3.1 In tha Flactic Ranne (Nr) v
Select all Clear all
oK Apply Cance

Click OK to apply the filter and close this window.

From the window shown below, double click on the 6.10.9 Shear Resistance article at Span 1 — 90.00 ft to view the

selected spec article.

M Specification Checks for Plate Girder - 1 of 1853 — O >
Articles
M All articles e
"2 P>
Properties Generate Format
Bullet list '
Specification filter Report
| Span 1 - 72.00 ft. & | Specification reference Limit State  Flex. Sense Pass/Fail
[ Span 1 - 77.00 ft. 2 6.10.9 LRFD Shear Resistance MNAA Failed

(L] Span 1- 81.00 f.
|| 5pan 1-83.50 .
| =y5pan1-9000+. |

[ Span 2 - 8,50 ft.

[ Span 2 - 9.00 ft.

[ 5pan 2 - 13.00 f.

L] Span 2 - 18.00 ft.

L] Span 2 - 19.50 ft.

[ Span 2 - 26,00 ft. v
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STL6 — Two Span Plate Girder Example

The selected spec article is shown below.

Tep
Top
Web
Web
Bot
Bot

Fyw

do
phi

k=
D/t
Lim

Lim

C =

Vn

Vr

INPUT:

Flange
Flange

twW
Flange
Flange

192

i
i

SUMMARY :

5.0

W = 92.

it 1:

it 2:

S0.

bf
tf

bf
tf

0000
-0000
-0000

0000

16.0000
1.2500
46.0000
0.5000
18.0000
1.5000

(k=1)
(1m)

(im)
(im)
(in)
(im)
(in)
(im)

1.12*30RT (E*k/Fyw) =

1.40*30RT (E*k/Fyw) =

D/tw > Limit2 therefore

1.57% (E+k/Fyw)

(D/tw) ~2

0.5379

=Ver =C * Vp

= 0.58*fyw*D*tw

= £67.0001 (kip)

= phi*Vn =

358.7962 (kip)

358.80

E Spec Check Detail for 6.10.9 LRFD Shear Resistance

60.3138

75.3923

(6.10.9.3.2-8)

(6.10.9.2-1)

(6.10.9.2-2)

Note: If the capacity has been overridden, the Resistance is computed as override phi*owverride capacity.
Octherwise the Resistance is ccmputed as per the Specificaticn.

Limit Load ——— QOwverride --—- Design
State Combo Vu Phi Vn Vr Ratio Code
(kip) (kip) (kip) (kip)

5TR-I 1 -104.1% -358. 80 3.444 Pass
5TR-I 1 —361.83 -358.80 0.952 Fail
STR-I 2 -104.1% -358.80 2.444 Pas3s
5TR-I 2 -322.21 -358.80 1.114 Pass
SETR-T a -Tn4.14a —35R_EN 3.444 Praa

OK

Last Modified: 3/5/2024

21




STL6 — Two Span Plate Girder Example

Girder Profile

Return to the G2 member alternative — Plate Girder. Open the Girder Profile window by double clicking on Girder
Profile node in the Bridge Workspace tree.

= Bridge Workspace - Sti6_Training ANALYSIS REPORTS ? - 0 X

BRIDGE WORKSPACE 'WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING A

ore Close —
E’ . 4 1 I

i t 6Export B - .
alidate Save Open [e Copy Paste Duplicat
{2 Refresh

Bridge Manage

Workspace ®x (| Sche.. ®x%

I#E Components

* a Shear Connector Definitions L]
=

Report ® x

- [ Stiffener Definitions
& MEMBERS
s I Gl
= Iaz

l 2 hember Loads

I Supports .
alvsis o x
- () MEMBER ALTERNATIVES I Analysis

- I Plate Girder (E) (C)
=.T Default Materials

Impact/Dynamic Load Allowance
Girder Profile
- w2 Hinge Locations
- a Splice Locations
- B Deck Profile
- =1 Haunch Profile

=2 | ateral Support ~

Revise the Web Thickness to 0.5625” in the region near Pier 1.

M Girder Profile - O *

Type: | Plate Girder

Web “'| Top flange \] Bottom flange |

dnqu,;: Drminoee di::h Thiii":]‘e“ iﬁ':::er: diss:rrttce "e{"fgﬂ' disEt:fxe Material w:;::t
(in) (in) {ft) (1)
460000 None | 460000 050001 - 0| 6300 6300 Grade SOW +|--None— ~
b 460000 None - | 464 | 05625 -| 6300 5400 11700 GradeS0W < | --None-- =
460000 None - | 460000 05000 2 - 27| 6300 9000 Grade SOW = |--None— ~

[ New || Duplicate | [ Delete |

| QK || Apply || Cancel |

Click OK to apply the data and close the window.
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STL6 — Two Span Plate Girder Example

Re-run the LRFD Design review and review the Spec Check summary report from Engine Outputs (as shown in

the previous sections) as shown below.

M Stage 3 Spec Check Results - O x
Bridge ID : Stl6_Training NBI Structure ID : Stl6_Training ~
Bridge : 2 Span Plate Girder Training Bridge Alt -

Superstructure Def - 2 Span, 4 Girder system
Member : G2 Member Alt - Plate Girder
Analysis Preference Setting -

AASHTO LRED Specification, Edition 9, Interim 0

Specification Check Summary

Article Status
Flexure (6.10.7.1.1,6.10.7.2.1,6.10.8.1.1, 6.10.8.1.1, Pass
6.108.1.1)
Shear (6.10.9) Pass
Fatigue (6.10.53,66.1.22 Pass
Serviceability (6.10.4.2.2 Pass
Constructability (6.10.3.2.1, 6.103.2.2, 6.103.2.3) Pass
Transverse Stiffeners (6.10.11.1.2, 6.10.11.1.3) Pass
Longitudinal Stiffeners (6.10.11.3.1,6.10.11.3.2, NA
6.10.11.3.3)
Bearing Stiffeners (6.10.11.2.2, 6.10.11.2.3,6.10.11.2.4) | Pass
Shear Connector (6.10.10.1, 6.10.10.4) NA

Field Splice (6.13.2.6. 6.13.2.7. 6.13.5.3, 6.13.6.1 3a,

6.13.6.13b,6.13.6.1.3c) NA
Minimum Negative Flexure Concrete Deck Reinforcement
Pass
(6.10.1.7)
Deflection (2.5.2.6.2) Pass

Girder Member Proportions and Compactness (Stage 3)

Location Composite Proportion Code Compact Code
(ft) Code Check Check
0.000 Yes Pass --- Compact E
9.000 Yes Pass --- Compact E
18.000 Yes Pass - Compact E
27.000 Yes Pass Compact E w7
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STL6 — Two Span Plate Girder Example

From the Specification Check Detail window, open Article 6.10.8.1.3 at Span 1 —90.00 ft for Stage 3. The following
is noted for this window and other spec articles are similar.

M Specification Checks for Plate Girder - 46 of 1678 - m} X
Articles
) \f/3 P,w All articles v
Properties Generate  format
Bullet list hd

Specification filter Report
|l Span 1 - 45.00 ft. * | | Specification reference Limit State £
|1 5pan 1 - 48.00 ft. NA 6.10.7.1.2 Nominal Flexural Resistance
| Span 1 - 54.00 ft. NA 6.10.7.2.1 General
|l Span 1 - 63.00 ft. 6.10.7.2.2 Nominal Flexural Resistance
|1 Span 1 - 64.00 ft. N& 6.10.7.3 Flexural Resistance - Ductility Requirement
=1 5pan 1 - 70.50 ft. +/ 6.10.8.1.1 Discretely Braced Flanges in Comprassion
|JSpan1-7200 ft & 6.10.8.1.2 Discretely Braced Flanges in Tension
(=JSpan1-77.00 f. +' 6.10.8.1.3 Continuously Braced Flanges in Tension or Compression
I—Span1-E1.00ft S 6.10.8.2.1 General
=1 Span 1 - 83.50 6.10.8.2.2 Local Buckling Resistance
(SpanT-90.00%. 6.10.8.2.3 Lateral Torsional Buckling Resistance
< Span 2- 630 f 6.10.8.2.3.Cb Lateral Torsional Buckling Resistance - Cb Calculation
| Span 2 - 9.00 ft. - . i N i
L1 Span 2- 13.00 & 6.10.8.2.3.t L_ateral Torsional Buck\m_g Resistance - rt and Lp Calculatic
| Span 2 - 12.00 &, 6.10.8.3 Tension-Flange Flexural Resistance
i Span 2 - 19.50 f. v’ 6.10.9 Shear Resistance
21 Span 2 - 26.00 . . (Iﬁ £10 8 1 Shear Resictance - Ganeral S e
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STL6

— Two Span Plate Girder Example

ﬂ Spec Check Detail for 6.10.8.1.3 Continuously Braced Flanges in Tension or Compression - O X
6 Steel Structures a
6.10 I-Section Flexural Members
6.10.38 Flexural Resistance-Composite Sections in Negative Flexure and Neoncomposite Sections
&. 1 General
6.10.8.1.3 Continuously Braced Flanges in Tension or Compression
(RASHTQ LRFD Bridge Design Specifications, Ninth Edition)

Steel Plate — At Location = 90.0000 (ft) - Left| tage 3
Secticn within Top Flange Continucus Bracing Regicn
Secticn at Bottom Flange Brace Point
INPUT:
Phif = 1.000
Secticn Type: Composite
Top Flange Continuously Laterally Supported: Yes
Allow Moment Redistribution Control Opticn: No
Mcment Redistribution : Ne, Mcoment Redistribution did not occur
SUMMARY :
fbu <= Phif * Bh * Fyf (6.10.8.1.3-1)
Resist = Phif * Bh * Fyf
Design Ratio = Resist/fbu
N If the capacity has been overridden, the Resistance is computed as override phi*override capacity.
therwise the Resistance is computed as per the Specification.
Limit Load Flexuytre -  ———— Override ——--- Design
State Combo Type Component frd Rh Phi Fyf Resist Ratio Status
i {kai) i (kai) (kai) (kai)

STR-I 1 Heg Top Flange 8 -— - - 2.515 Pass
STR-I 1 Heg Top Flange 7 -— - - 1.166 Pass
STR-I 2 Neg Top Flange 8 -— -_— -— 2.515 Pass
STR-I 2 Heg Top Flange 5 -— -_— -— 1.227 Pass
STR-I 3 Heg 8 -— -_— -— 2.515 Pass
STR-I 3 Neg 0 —-— — - 1.031 Pass
STR-III 1 Heg 8 - - - 2.515 Pass
STR-III 1 Heg 7 - -—= -—= 1.750 Pass
STR-III P Heg 8 - -—= -—= 2.515 Pass
STR-III 2 Heg 7 - - - 1.750 Pass
STR-III 3 Heg 8 - - - 2.515 Pass
STIR-III 3 Heg 7 - -—= -—= 1.750 Pass
STR-V 1 Heg 8 -— - - 2.515 Pass
STR-V 1 Neg 0 -—= - -— 1.263 Pass
STR-V 2 Neg 8 -— -_— -— 2.515 Pass
STR-V 2 Heg 7 -— -_— -— 1.317 Pass
STR-V 3 Heg 8 - -—= -—= 5 2.515 Pass
STR-V 3 Neg 4 - - - 50 1.138 Pass
Load Combination Legend:
Code Vehicle

1 HL-93 (US) - Design Truck + Lane

2 HL-93 (US) - Tandem + Lane

3 HL-93 (US) - 90%(Truck Pair + Lane)

4 LRFD Fatigue Truck (US) - Fatigue Truck

v
oK

For each spec check location, both the left and right sides of the point are evaluated. The Deflection article
is an exception to this since deflection must be the same between the left and right sides of a point.

The design ratio is printed out for the article. The design ratio is the ratio of capacity to demand. A design
ratio less than one indicates the demand is greater than the capacity and the spec article fails. A design ratio
equal to 99.0 indicates the section is subject to zero demand.

For steel members, the Strength-1, Strength-I11 (for Permit vehicles), Strength-I11, Strength-V, Service Il and
Fatigue limit states are the only limit states investigated. For each limit state, the max and min force effect is
checked for each vehicle. Thus, each limit state shows two rows of data for each vehicle.

The LL vehicle is identified by the load combination shown in this column.

The ‘frd’ column displays the stresses due to the redistribution moments. If moment redistribution was not

processed, this column shows ---°.
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STL6 — Two Span Plate Girder Example

Tabular Results

Dead load and live load analysis results can be reviewed by clicking the Tabular Results button on the Results group

of the DESIGN/RATE ribbon.

E Bridge Workspace - StI6_Training AMALYSIS REPORTS 7 — B
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING
& & = B8 - xH
Analysis Analyze Analysis| Tabular |Specification Engine Results Save
Settings Events || Results |[Check Detail Qutputs Graph Results
Analysis Results
M Analysis Results - Plate Girder - O *
=
Print
Print
Report type: Stage Dead Load Case
Dead Load Actions ~ MNon-composite (Stage 1) “ Load Case 1 - Self Load(Stage 1~
o Location | % Side quent Shgar A:fial To_rsion Reac?ti on X Deﬂ ection Y Deﬂectiu-n
(ft) Span (kip-ft)  (kip}) = (kip) (kip-ft)  (kip) (i) (in)
i 0.00 0.0/ Right 000, 5.8 0.00 0.00 5.88 0.0000 0.0000
9.00| 100| Both 4563 4.26| 000 0.00 0.0000 -0.0845
16,00 17.8| Both 71.02 3.00| 0.00 0.00 0.0000 -0.1078
18.00| 200| Both 76.65 2.64 | 000 0.00 0.0000 -0.1185
27.00| 30.0| Both 93.06| 1.01| 000 0.00 0.0000 -0.1545
3200| 356| Both 95.87| 0.11] 000 0.00 0.0000 -0.1652
36,00 40.0| Both 94.86 | -0.61| 0.00 0.00 0.0000 -0.16586
4500| 50.0| Both 8206 | -2.23| 000 0.00 0.0000 -0.1606
4800 533 | Both 7455 -2.78| 0.00 0.00 0.0000 -0.1533
5400 60.0| Both 5465 -3.86 0.00 0.00 0.0000 -0.1332
63.00| 70.0| Both 12,63 -548| 0.00 0.00 0.0000 -0.0032
64,00 71.1| Both 702 -573| 0.00 0.00 0.0000 -0.0834
70.50 | 783| Both -3545| -7.34| 0.00 0.00 0.0000 -0.0572
7200| 80.0| Both -4674 | -771| 0.00 0.00 0.0000 -0.0503
7700| 856| Both -8840 | -895| 0.00 0.00 0.0000 -0.0291
81.00| 90.0| Both| -126.20| -9.94 | 0.0 0.00 0.0000 -0.0151
83.50| 92.8| Both| -151.83| -10.56| 0.00 0.00 0.0000 -0.0082
90.00 | 100.0| Left| -22574|-12.18| 0.00 0.00 2435 0.0000 0.0000
0.00 00| Right| -22574| 12.18| 0.00 0.00 24.35 0.0000 0.0000
8.50 72| Both| -151.83| 10.56| 0.00 0.00 0.0000 -0.0082
9.00| 10.0| Beth| -126.20| 9.94| 0.00 0.00 0.0000 -0.0151
13.00| 144| Both -8840| 895 0.00 0.00 0.0000 -0.0291
18.00| 200| Both -4674 | 771 0.00 0.00 0.0000 -0.0503
19.50| 21.7| Both -3545| 7.34| 0.00 0.00 0.0000 -0.0572
26.00| 289| Both 7.02 5.73| 0.00 0.00 0.0000 -0.0834
27.00| 30.0| Both 12.63 548 | 0.00 0.00 0.0000 -0.0032
36.00| 40.0| Both 54.65 3.86 | 0.00 0.00 0.0000 -0.1332
2 4200| 46.7| Both 74.55 278 | 0.00 0.00 0.0000 -0.1533
AASHTO LRFD Engine Versicn 7.5.0.3001
Analysis preference setting: None
Close
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STL6 — Two Span Plate Girder Example

o Analysis Results - Plate Girder - a X
=
Print
Print
Report type: Stage Live Load / Live Load Type \
Live Load Actions Composite (short term) (Stage .~ HL-93 (US) ~ Axde Load ~
Lane
. Positive Negative Positive MNegative Positive Negative Positive Negative v Negative Positive Negative
o= ol I — | G | S| | | e |chie = wtbon | X Deflection ¥ Dofiection | ¥ Deflectign 4 1mpact | 5% Impact
B Sean | hior) ke (R (e i) (kip) (i) (dpfy | Tendem ) (in) [} Gy "osReaction Neg Reaction
1 000 o0 0.00 000| 7947 006/ 000 0.00 Truck Pair odoo 0.0000 0.0000 0.0000 33.000 33000 -
1 900 100 47297 -63.20 67.80 -9.06 0.00 0.00 Truck « Lane .0go0 0.0000 0.0560 -0.1609
1 1600| 17.8 733.24 -112.36 59.15 -1031 0.00 0.00 .0go0 0.0000 0.0972 -0.2744
1 18.00| 200 79098 | -12641 56.72 -1258 0.00 0.00 Tandem + Lane 0000 0.0000 0.1084 -0.3036
1| 2700 300 96896 -180.61| 4620, -2269| 000 000 90%(Truck Pair + Lane) 0900 0.0000 01536| 04111
1 3200| 356 102433| -22472 40.57 -28.76 0.00 0.00 MDO 0.0000 01744 -04513
1 36.00| 40.0| 1041.60 -252.81 36.26 -33.62 0.00 0.00 0.0000 0.0000 0.1882 -04719
1 4500| 500 1013.68 -316.02 2718 -4424 0.00 0.00 0.0000 0.0000 0.2084 -0.4807
1 48.00| 533 93833 -337.08 243 -47.64 0.00 0.00 0.0000 0.0000 0.2113 -04713
1 54.00| 600 204.75 -379.22 18.95 -5417 0.00 0.00 0.0000 0.0000 02107 -0.4352
1 63.00| 700 70158 | -44242 n7m7 -6337 0.00 0.00 0.0000 0.0000 0.1916 -0.2463
1 6400| 711 67506 -44945 11.10 -6432 0.00 0.00 0.0000 0.0000 0.1880 -0.3344
1 7050| 783 496.64 -500.93 6.94 -70.28 0.00 0.00 0.0000 0.0000 0.1588 -0.2521
1 72.00| 80.0 447.21 -520.78 6.06 -71.58 0.00 0.00 0.0000 0.0000 0.1505 -0.2323
1 77.00| 856 270.79 -556.94 347 -75.81 0.00 0.00 0.0000 0.0000 0.1184 -0.1650
1 81.00| 900 148.06 -585.88 2.29 -78.90 0.00 0.00 0.0000 0.0000 0.0875 -0.1114
1 8350| 928 106.77 | -603.96 1.60 -80.75 0.00 0.00 0.0000 0.0000 0.0658 -0.0788
1 90.00 | 100.0 000, -650.97 0.00 -85.17 0.00 0.00 89.82 0.00 0.0000 0.0000 0.0000 0.0000 33.000 0.000
2 0.00 0.0 000, -650.97 85.17 0.00 0.00 0.00 89.82 0.00 0.0000 0.0000 0.0000 0.0000 33.000 0.000
2 6.50 72 106.77 -603.96 80.75 -1.60 0.00 0.00 0.0000 0.0000 0.0658 -0.0788
2 900 100 148.06 -585.88 78.90 -2.29 0.00 0.00 0.0000 0.0000 0.0875 -0.1114
2 13.00| 144 270.79 -556.94 75.81 -347 0.00 0.00 0.0000 0.0000 0.1184 -0.1650
2 18.00| 200 4721 -520.78 71.58 -6.06 0.00 0.00 0.0000 0.0000 0.1505 -0.2323
2 19.50| 21.7 49664 | -500.93 70.28 -6.94 0.00 0.00 0.0000 0.0000 0.1588 -0.2521
2 2600| 289 67506 -44945 64.32 -11.10 0.00 0.00 0.0000 0.0000 0.1880 -0.3344
2 27.00| 300 70158 -442.42 63.37 -1.77 0.00 0.00 0.0000 0.0000 0.1916 -0.3463
2 36.00| 400 904.75 -379.22 5417 -1895 0.00 0.00 0.0000 0.0000 0.2107 -0.4352 -
AASHTO LRFD Engine Version 7.5.0.3001
Analysis preference setting: None
Close

Note these values include dynamic load allowance, distribution factors and any live load scale factor entered in the
Analysis Settings window.
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Due to a difference in how the live load distribution factors are applied, there might be differences in the live load
values between various analysis engines. For example, the BRASS™ engine (which is no longer supported) applies
the LL distribution factor based on the region where the analysis point is located. The AASHTO engines have a choice

to do the same thing, or it applies the LL distribution factor based on the region where the axle is positioned. This can

be defined by the user in the Member Alternative Description — Control options tab.

40 Member Alternative Description

Member alternative: | Plate Girder

| Description ] Specs ] Factors ] Engine ] Import ] Control options .\'|

LRFD
(1 Points of interest
Generate at tenth points
Generate at section change points
Generate at user-defined points
D Generate at stiffeners
D Allow moment redistribution
[] Use Appendix A6 for flexural resistance
Allow plastic analysis
["1Ignore long. reinf. in negative moment capacity
[] Consider deck reinf, development length
[] Must consider user input lateral bending stress

I:‘ Consider concurrent moments in Cb calculation

(31 Distribution factor application method
) By axle
@) By POI

LFR
[] Generate at section change points ~
Generate at user-defined points

I:‘ Allow moment redistribution

[] Allow plastic analysis of cover plates

Include field splices in rating

[ Include bearing stiffeners in rating
Allow plastic analysis

[] Ignore lang. reinf. in negative moment capacity

[] Ignore averload operating rating
[] Ignore shear
[] Cansider deck reinf. development length

[] Cansider tension-field action in stiffened web end panels
Distribution factor application method

) By axle

® By POI ~

LRFR
Generate at user-defined points
D Generate at stiffeners
I:‘ Allow moment redistribution
[[] Use Appendix A6 for flexural resistance
Allow plastic analysis
[[] Evaluate remaining fatigue life
[“ignore long. reinf. in negative moment capacity
Include field splices in rating
[] Consider deck reinf. development length
[] Consider tension-field action in stiffened web end panels
["] Must consider user input |ateral bending stress

I:‘ Consider concurrent moments in Cb calculation

3 Distribution factor application method
) By axle

®) By POI

ASR
[ Points of interest
Generate at tenth points

[] Generate at section change points

Generate at user-defined points
[[]Ignare long. reinf. in negative moment capacity
[] Consider deck reinf. development length

[] Consider tension-field action in stiffened web end panels

QK | | Apply | | Cancel
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Explanation of the Distribution Factor Application Method

The user can select the method to be used for the application of live load distribution factors. The choices are:

Similar behavior applies for the lane load.

By axle - causes the distribution factor at the location of the axle to be used for each axle.

By POI - causes the distribution factor at the location of the point of interest to be used for all axles.

The FE model output that was turned on during the LRFD analysis in the Output tab of the Analysis Settings

window is available from the Engine Outputs window as shown below.

M Stl6_Training

BH-5t16_Training
B2 Span, 4 Girder system
B-G2

B-Plate Girder
E-AASHTO_LRFD
-Stage 3 Infl Lines Span Model

|-Stage 3 Spec Check Result

-Live Load Distribution Factors Calculations
-Live Load Distribution Factors Calculations Summary

- O X

r----Stage 1 Span Model (Wednesday Feb. 22, 2023 14:18:42)

~stage | span Model Actions
-Stage 2 Span Model

-Stage 2 Span Model Actions
-Stage 3 Span Model Actions
----- Log File

Bridge ID : §t16_Training

Bridge : 2 Span Plate Girder Training
Superstructure Def : 2 Span, 4 Girder system
Member : G2

User - bridge

Analysis Preference Setting :

Description: Stage 1 Span Model

Nodes
Node | X80 | Y® | Z(R
1 0.000] 0.000( 0.000
2 90001 0000 0.000
3 16.000]1 0000 0.000
4 18.0001 0.000( 0.000
5 27.000] 0.000] 0.000
&6 32.000] 0.000] 0.000
7 36.000] 0.000] 0.000
8 45000 0000 0.000
9 48.000] 0.000( 0.000
10 54.000] 0.000] 0.000
11 63.000] 0.000] 0.000
12 64.000] 0.000] 0.000
13 70.500] 0.000] 0.000
14 72.000] 0.000] 0.000
15 T7.000] 0000 0.000
16 £1.000] 0.000( 0.000
17 83.500] 0.000] 0.000
18 90.000] 0.000] 0.000
19 96.500] 0.000] 0.000
— —

NBI Structure ID : Stl6_Training ~
Bridge Alt -

Member Alt : Plate Girder
Date - Wednesday, February 22, 2023 14:18:42
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Additional Reporting (Report Tool)

Additional reporting is available in the Report Tool for steel beams. Select the Report Tool button from the Bridge

group of the TOOLS ribbon.

o | Bridge Workspace - StI6_Training ANALYSIS REPORTS ? - 0 X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING -
&g & e
Multimedia  General |Report
Attachments Preferences| Tool
Bridge

Select the LRFD analysis output as the Report type. Click the Clear All button and then select the 3 reports as

shown below. Click the Generate button to generate the 3 selected reports.

£ Stl6_Training - Report Tool

Report type : | LRFD analysis output |+

Report

Begin each topic on a new page when printed

Save As Generate o

o
@
I

v
T

Reactions

Moment summary

Shear summary

Flexure analysis summary

Shear analysis summary

Camber summary steel
Design review summary
Spec check summary
Bearing design summary

Diaphragm forces

2
Select all Clear all

Delete

Template
Bws report (all superstructure definitions)
@) Girder system struct def
Girderline system struct def
Floor system GFS system struct def
Floor system GF struct def
Floor system FS struct def
Floorline GFS struct def
Floorline GF struct def
Floorline FS struct def
Truss system TFS struct def
Truss system TF struct def
Trussline TFS struct def
Trussline TF struct def
Slab system struct def
Multicellbox system struct def

Culvert definition

Generate template...

Close

Design review summary

This report contains the minimum design ratio at each analysis point along the beam.

Spec check summary

This report lists a summary of the spec check results for each article for each loading at each analysis point.

Bearing design summary

This report lists factored and unfactored bearing reactions and rotations to be used in a bearing design.

Last Modified: 3/5/2024 30




STL6 — Two Span Plate Girder Example

D Report: LRFD Analysis —

Bridge Name: 2 Span Plate Girder Training
NEBI Structure ID: StI6_Training
Bridge ID: Stl6_Training

Analyzed By: Bridge

Analyze Date: Thursday, February 15, 2024 10:42:42
Analysis Engine: AASHTO LRFD Engine Version 7.5.1.1
Analysis Preference Setting: None

Report By: Bridge
Report Date: Thursday, February 15, 2024 10:53:54

Structure Definition Name: 2 Span, 4 Girder system

Member Name: G2
Member Alternative Name: Plate Girder

Girder Design Review Summary

Span 1
Location  Percent Type Article LS Stage Units Action Resist. Design
Ratio
0.00 0.0 Shear 6.10.9 STR-I 3 kdip 264.61 358.80 1.356
9.00 10.0 Shear 6.109 STR-I 3 kip 21226 358.80 1.690
18.00 200 Pm. 610422 SER-I 3 kesi 2255 47.50 2107
Deformations
27.00 300 Pm. 6.10422 SER-I 3 kesi 27.63 47.50 1.719
Deformations
36.00 40.0 Pm. 610422 SER-II 3 ksi 2905 47.50 1.635
Deformations
45.00 500 Pm. 610422 SER-I 3 ksi 26.86 47.50 1.769
Deformations
54.00 60.0 Shear 6.109 STR-I 3 kip -178.73 -358.80 2.008
63.00 700 Shear 6.109 STR-I 3 lap -22548 -358.80 1.591
72.00 80.0 Shear 6.10.9 STR-I 3 kip -272.10 -510.86 1.877
81.00 90.0 Flexure 6.108.1.1 STR-I 3 ksi -48.32 -50.00 1.035
Min .
5 ) A2 . ;
83.50 928 Reinforcement 6.10.1.7 3 n™2 9.60 1041 1.084
90.00 100.0 Flexure 6.108.13 STR-I 3 kesi 48.50 50.00 1.031
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AASHTO LRFD Method of Solution

The Method of solution manual can be accessed from the Help menu in BrDR.

Click on the Bridge Workspace ribbon to access the Support menu.

i | Bridge Workspace - St6_Training ANALYSIS REPORTS 7 - 0O X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGM/RATE REPORTING A
& = E (= % B
palal =t I = Oy~ Al

Analysis Analyze Analysis | Tabular Specification Engine Results Save

Settings Events | Results Check Detail Outputs Graph Results
Analysis Results

In the Engine Help column select AASHTO LRFD to access the Engine Help and Method of Solution for the
selected engine. Double-click on Method of Solution from the Engine Help Configuration column to open the
method of solution for the selected engine.

Bridge Workspace - Stl6_Training - 0 X
~
Support
Je/ I—elp.Topics .
@ Getting help using the software

L@ Frequently Asked Questions

Find questions that are frequently asked
. Support
@ 27
=% Find more information on technical support

Engine
Engine Help Engine Help Configuration

AASHTO ASR Engine Help
AASHTO Culvert LFR Method of Solution
AASHTO Culvert LRFD
AASHTO Culvert LRFR
AASHTO LFR
AASHTO LRFD
AASHTO LRFD Substructure (ErD)
AASHTO LRFR
AASHTO Metal Culvert LFR

AASHTO Metal Culvert LRFR v

Set As Main Engine Help
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Moment Redistribution
Select the Plate Girder — Allow Moment Redistribution member alternative for member G2 in the Bridge
Workspace tree and run an LRFD design review using the HL-93 Design Review template. This is a streamlined
version of the previous member alternative (Plate Girder). It does not contain any flange transitions. View the Stage
3 - Spec Check Results and notice that the flexure articles fails for this beam as shown below.

o Bridge Workspace - 46 Training ANALYSIS | REPORTS 7 - 0O x
w WORKSPACE  TOOLS  VIEW | DESIGN/RATE | REPORTING .

& = [ o % H

Analysis Analyze Analysis | 7= on Engine Result
Settings Events | R tail Qutputs Grap
Analysis Results
Workspace ® % || Sche.. # % || Report ® x
Iﬂa Components
T UPER S TRUC TORE DEFTITTION, -
Bl \yf 2 Span, 4 Girder system
- = Impact/Dynamic Load Allowance
- gt Load Case Description
- &5 Framing Plan Detail
a Bracing Deterioration
BSC Bracing Spec Check Selection
¥ Structure Typical Section
2 Superstructure Loads
a Shear Connector Definitions
. a Stiffener Definitions
= &3 MEMBERS
# I G1
B IG2
- 24 Member Loads
- "% Supports
- &9 MEMBER ALTERNATIVES
B T Plate Girder (£) (C)
(B T Plate Girder - Allow Moment Redistribution |
gcE]
Ic4
B ypf Corrugated Deck - Steel Beam
E- | BRIDGE ALTERNATIVES
- #M Bridge Alternative 1 (€) (C)
v
& Anslysis Settings - o X
® Design review () Rating Design method: LRFD [~
o o [
Lane / Impact loading type: | As Requested [v] Apply preference setting: | None [v]

Vehicles | Output | Engine | Deseription |

Traffic direction: Bath directions _[¥] [ Refresh | [ Temporary vehicies | [ Advanced |

Vehicle selection Vehicle summary
EVehicles [=Design vehicles
B-Standard Design loads
|-Alternate Military Loading - HL-93 (US)
2 Permit loads
B3 -Fatigue loads
HL-93 (3)) - LRFD Fatigue Truck (US)
0 Open Template X
| Templates Description Analysis Cwner Public / Private
+ [HL 93 Design Review HL 93 Design Review | LRFD Public J
HS 20 LFD Rating H5 20 LFD Rating LFR Public
LRFR Design Load Rating LRFR Design Load Rating | LRFR Public
LRFR Legal Load Rating LRFR Legal Load Rating | LRFR. Public

o [ ] |

e — e ey e |

Last Modified: 3/5/2024 33



STL6 — Two Span Plate Girder Example

D Stl6_Training

2-5tI6_Training
=2 Span, 4 Girder system
=-G2
(Z-Plate Girder - Allow Moment Redistributian
= AASHTO_LRFD
~5tage 3 Infl Lines Span Model
- Live Load Distribution Factars Calculations
~Live Load Distribution Factors Calculations Summary
~Stage 3 Spec Check Results (Thursday Feb. 15, 2024 10:56:24)
~5Stage 1 Span Model
~5Stage 1 Span Model Actions
~Stage 2 Span Model
~Stage 2 Span Model Actions
~Stage 3 Span Model Actions

--Log File
™ Stage 3 Spec Check Results
Bridge ID : StI6_Training NBI Structure ID : Sl6_Training
Bridge : 2 Span Plate Girder Training Bridge Alt -
Superstructure Def - 2 Span. 4 Girder system
Member : G2 Member Al : Plate Girder - Allow Moment Redistribution

Analysis Preference Setting :
AASHTO LRFD Specification, Edition 9. Interim 0

Specification Check Summary

Article Status
Flexure (6.10.7.1.1.6.10721,61081.1,61081.1, Fai
6.10.8.1.1)
Shear (6.10.9) Pass
Fatigue (6.10.5.3, 6.6.1.2.2 Pass
Serviceability (6.10.4.2.2 Pass
Constructability (6.10.3.2.1, 6.10.3.2.2, 6.10.3.2.3) Pass
Transverse Stiffeners (6.10.11.1.2. 6.10.11.1.3) Pass
Longitudinal Stiffeners (6.10.11.3.1. 6.10.11.3.2, NA
6.10.113.3)
Bearing Stiffeners (6.10.11.2.2,6.10.11.2.3,6.10.11.2.4) | Pass
Shear Connector (6.10.10.1. 6.10.10.4) NA

Field Splice (6.13.2.6,6.13.2.7, 6.13.53,6.13.6.1 3a,

6.13.6.1.3b.6.13.6.130) NA
Minimmm Negative Flexure Concrete Deck Reinforcement
Pass
(6.10.1.7)
Deflection (2.5.2.6.2) Pass

Girder Member Proportions and Compactness (Stage 3)

Location Composite Proportion Code Compact Code
(ft) Code Check Check
0.000 Yes Pass - Compact E
9.000 Yes Pass --- Compact E
18.000 Yes Pass --- Compact E
27.000 Yes Pass - Compact E

Last Modified: 3/5/2024 34



STL6 — Two Span Plate Girder Example

Navigate the Member Alternative Description window — Control options tab for this member alternative (Plate
Girder — Allow Moment Redistribution), check the box Allow moment redistribution under LRFD to allow
moment redistribution as shown below.

M Member Alternative Description

Member alternative: | Plate Girder - Allow Moment Redistribution

| Description ] Specs ] Factorsl] Enginel] Import.l Centrol options |

LRFD
31 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 Af for flexural resistance
Allow plastic analysis

| Ignore long. reinf. in negative moment capacity

[ | Consider deck reinf, development length
[ ] Must consider user input lateral bending stress

D Consider concurrent moments in Cb calculation
(21 Distribution factor application method

) By axle

® By POI

Re-run the LRFD design review for HL-93 Design Review template.

Analysis -ax
Analysis - Plate Girder - Allow Moment Redistribution - X
+ @ sty v - Locaton - 140000 (1) A

() Plate Girder - Allow Moment Redistribution - Location - 153.0000 (ft)

- Location - 162.0000 (ft)
- Location - 164.0000 (ft)
- Location - 171.0000 (ft)
- Location - 180.0000 (ft)
Finding maximum stresses in the unbraced lengths....
Finished finding maximum stresses in the unbraced lengths....
Info - Processing moment redistribution
- Location - go.oooo (ft)
- STAGE 1: Computing min LTB capacity in th
- STAGE 3: Computing min LTB capacity in the
-STAGE1
- Location - 0.0o00 (ft)
- Location - g.0000 (ft)
- Location - 18.0000 (ft)
- Location - 27.0000 (ft)
- Location - 36.0000 (ft)
- Location - 45.0000 (ft)
- Location - 54.0000 (ft)
<

The Analysis window will let the user know if
moment redistribution was processed. If the
beam does not meet the requirements in
App B6.2, a message will be issued here
that the section did not qualify for moment

i @ Errors | /2, Warnings

Type

Close
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Moment redistribution takes some of the negative moment at the pier and distributes it to the positive moment regions.
After the elastic stresses are computed in the first phase of spec checks, the articles in Appendix B6.2 are evaluated to
determine if moment redistribution is permissible. If it is permissible, the effective plastic moment at the piers is
determined. This moment is then used to compute the redistribution moments, Mrd, at the piers and at all other points
using linear interpolation. After the redistribution moments are computed, the stresses due to the redistribution
moments are computed. The redistribution stresses are then combined with the elastic stresses and the flexure type is
re-determined for this total stress.

The specification articles then considers the redistribution stresses when computing the design ratios.

The following sketch shows the elastic moment envelope for Strength | and the computed Mrd envelope.

600

500

400

300 —8— Mrd
—0— +Me
200
——-Me

100

200

-100
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The following sketch shows how the redistribution moments increase the positive moments and reduce the negative

moments.
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Specialized Hauling Vehicles (SHV’s)

A new category of Legal loads is available as per the MBE specifications. (See image below)

Factors: LRFR: 2018 (2022 Interim) AASHTO LRFR Spec. —Oox
Name: Library Routine permit input
Description:
Load factors Permit loads Concrete Steel Wood Aluminum Buried structures Specifications
Table 644.4.233-1 Table 6A4.4.2.3b-1
Routine traffic Spedalized hauling vehicles
Traffic volume (one direction)  Load factor Traffic volume (one direction) = Load factor
Recent ADTT == 5000 145 Recent ADTT >= 5000 145
Recent ADTT <= 1000 13 Recent ADTT <= 1000 13
D Analysis Settings — [m| X
Design review o Rating Rating method: LRFR. v
Analysis type: Line Girder e
Apply preference setting: Mone w
Vehicles Output Engine Description
Traffic direction: Both directions v Refresh Tempaorary vehicles Advanced
Vehicle selection Vehicle summary
E-Vehicles E-'Rating vehicles
=1-Standard -LRFR
-EW2 =HDesign load rating
-EW3 nventory
-H 15-44 - Operating
-H 20-44 -~ Fatigue
-HL-83 (8I) Add to Z-Legal load rating
-~HL-83 (US) ~Routine
H5 15-44 i ! Lane-Type Legal Load
~-HS 20 (51} L Type 3
--HS 20-44 ype 3-3
--Lane-Type Legal Load
--LRFD Fatigue Truck (1) --SPeciaIized hauling
~-LRFD Fatigue Truck (US) Remove from --NRL
~NRL ce Permit load rating
- SU4
Type 3
~Type 3-3
- Type 352
- Agency
- User defined
-~ Ternporary
Reset Clear Open template Save template QK Apply Cancel
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Permit Lane Load and “Gapping”
BrDR provides the ability to enter a lane load to be applied with a permit truck as specified by the MBE. Where the
truck is placed the lane load is to be removed or gapped. The MBE does also allow the lane load to be superimposed
on top of the permit vehicle for ease of analysis.
The permit lane load is applied as follows:

e For negative moment - lane load should always be applied for negative moment regions regardless of span

length.
e  For positive moment - apply the lane load for span length between 200 and 300 feet regardless of where the

point of interest is.

The following illustrates this procedure for positive moment.

If 37 span is less than 200 ft with

gapping -

Forall spans greater than 200 ftand less g
tanooftwingappig W I
sl | |

than 300 ft without gapping
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To exclude the lane load where the permit truck is placed, click on Exclude permit lane load from permit vehicle

location in the Vehicle Properties window as shown below.

Design review o Rating Rating method: HRER -
Analysis type: Line Girder ~
Lane pact loading type Apply preference setting: Mone ~
Vehicles  Output Engine Description
Traffic direction: Both directions v Refresh Temporary vehicles
‘Vehicle selection Vehicle summary
B-Vehicles EH-Rating vehicles
& i
4D Vehicle Properties ’ s
Single Legal Permit
Vehidle Tatr;:t’e‘m fzf::::r Impact | lane LeQ‘jl Override |  live load Frequency c\_::;i‘t?gn Override  live load
loaded pa factor factor
> | Lane-Type Legal Load 1 Bingle Trip ™ _
Type 3 1 Bingle Trip | Mixed with traffic
Type 3-3 1 Bingle Trip | Mixed with traffic
Type 352 1 Bingle Trip | Mixed with traffic
NRL 1 111 Fingle Tip | Mixed with traffic
HL-03 (US) 1 Kingle Trip | Mixed with traffic
LRFD Fatigue Truck (US) 1 Bingle Trip ™ | Mixed with traffic ™
|
Permit lane load: kip/ft Adjacent vehicle live foad factor:
Exclude permit lane load from permit vehicle location
OK Cancel
Reset Clear Open template Save template QK Apply Cancel

The user may also override the internal Legal load live load factor as shown above.
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