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1. Overview — Instructor only
¢ Introduction to the Bridge Explorer (Visual Reference)
Review the Bridge Workspace tree
On-line help and manuals
Review STL2
Output

Libraries (LIB1, Hands-on)
Two-Span Steel Plate Girder Example (STL2, Hands-on)

Simple Span Prestressed | Beam Example (PS1, Hands-on)
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Available Help and Training (HLP1)



AASHTOWare Bridg ig ing Visual Reference

Introducing BrDR Environment

Guide to Using BrDR 7.6.1




AASHTOWare Bridge Design and Rating Visual Reference
Getting Started

What is AASHTOWare Bridge Design and Rating?

AASHTOWare Bridge Design and Rating is a software package that aids in the
design and load rating of bridges. The software includes the applications BrD
(Bridge Design) and BrR (Bridge Rating) with analytical engines that support
AASHTO ASR/LFR and LRFD/LRFR. Additional engines are available through third
party developers.

BrR
BrR (Bridge Rating) is used for a variety of bridge superstructure and
culvert load rating. The application features a graphical user interface
AASHIO Ware" that aid in the preparation of the data and application of the results.
ﬁ BRIDGE Using the AASHTO ASRILFRILRFR as its analytical engine for load
RATING rating, BrR provides an integrated database where rating inputs and
outputs can readily be stored, reviewed, and reused.
BrD

BrD (Bridge Design) is a bridge superstructure, substructure and
culvert design software product using the AASHTO Load and
AASHID Were™ Resistance Factor Design (LRFD) Bridge Specifications. BrD
ﬁ BRIDGE employs the same database and graphical user interface as BrR, and
DESIGN shares much of the same source code. Development of both products
began in 1997. The AASHTO LRFD Engine provides the system's

structural analysis and specification checking engines.




AASHTOWare Bridge Design and Rating Visual Reference

From the Desktop

The AASHTOWare Bridge Design and Rating
software may be accessed through the desktop icon
(see figure to the right). Using the BrDR icon
provides the features of both BrD and BrR in one
environment.

Double click

& o Apps Documents Web Set

Best match
I ﬂ Bridge Design & Rating 7.6.1 Select
App
Apps
ﬂ Bridge Design 7.6.1 >
. TT°F
Bridge Design & Rating 7.6.1 Cloudy

Setup.exe - in Release

Bridge Design & Rating 7.6
Setup.exe - in Release

B Bridge Design & Rating 7.6.1
Setup.exe - in BrDR761x64-Release

Bridge Design & Rating 7.6
Setup.exe - in BrDR760x64-Release

fu]

From the Start Menu
The software may also be accessed from the start
Al s Dsshn o > menu if the icons are not in the desktop.

Rating 7.6.eml - in 7.6 Emails

Documents - This PC

AASHTOWare Bridge Design &
Rating 7.6.eml - in 7.6.1 Emails

AASHTOWare Bridge Design &
Rating 7.6.1.msg

Q Bridge Design & Rating 7.6 : :i G®

>




AASHTOWare Bridge Design and Rating Visual Reference

Entering Username and Password
Once initiated, the AASHTOWare Bridge Design and Rating Connect window will

pop up. Enter the username and password in the provided fields. To connect to a
different database, or if Connect to field is empty, click on the ellipsis button (...)

r 2l
BB connect *

AASHIOWare Bridge Design & Rating
BRIDGE
Build date Apr 07 2025
DESIGN aND RATING
1. Enter username
/ and password

Username  bridge
Password

Connectto AASHTOWareBr76 v | |_, 2. Click to select
Connect to database

0K Cancel Help License

Connecting to the Database

Once in the Manage Connections window, follow the instructions in the figure
below.

E Manage Connecticns

Connection details

AASHTOWareBr76 Profile name: AASHTOWareBrio
AASHTOWareBr76s Connection type: Microsoft SQL Server e

SQL Server connection details

Host address: MAASHTOWAREBRDR
Database: AASHTOWareBri6 “ Refresh
1. Select one
of the Windows Authentication
databases 5QL Encrypt
provided SOL Trust Certificate
2. Click OK

New Delete

Cancel Test connection




AASHTOWare Bridge Design and Rating Visual Reference

AASHTOWare Bridge Design and Rating Environment Tour

Once successfully connected, the Bridge Explorer opens. The Bridge Explorer
allows the entry of new bridge information into BrD/BrR or access existing bridge
information. The left portion of the Bridge Explorer contains a tree. Each tree item
includes a button, a folder and a name. The right portion of the Bridge Explorer
presents a complete list of the bridges corresponding to the folder selected on the
tree.

HELP

AASHTOWare Bridge Design and Rating

Bridge list
corresponding to
the selected folder

BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW
9 & Import @@
MNew © Batch ~ Find
Bridge Manage
-1y Favorites Folder ﬂD Bridge ID
+ &9 Al Bricges > TrainingBridge1
T G- Templates TrainingBridge2
..... # Deleted Bridges TrainingBridge3

PCITrainingBridge1
PCITrainingBridge2
PClTrainingBridge3
PCITrainingBridged
PClITrainingBridge5
PCITrainingBridged
Example?
RCTrainingBridge1

R R R S TR

Bridge Explorer
tree

[ R T -

TimberTrainingBridgel
FSys GFS TrainingBridge
FSys FS TrainingBridge2
FSys GF TrainingBridge3
FLine GFS TrainingBridge1
FLine FS TrainingBridge2
FLine GF TrainingBridge3

TrussTrainingExample

Bridge Name District Cot
Training Bridge 1({LRFD) Unknown  Unknc
Training Bridge 2{LRFD) Unknown  Unknc
Training Bridge 3{LRFD) Unknown  Unknc
PCI TrainingBridge1(LFR)
PCITrainingBridge2(LRFD)
PCI TrainingBridge3(LFR)
PClTrainingBridge4(LRFD)
PCI TrainingBridge5(LFR)
PCITrainingBridge6(LRFD)
Example 7 PS (LFR)
RC Training Bridge1(LFR)
Timber Tr. Bridge1 (ASR)
FloorSystemn GFS Training Bridge 1 Unknown  Unknc
FloorSystem FS Training Bridge 2 Unknown  Unknc
FloorSystern GF Training Bridge 3 Unknown  Unknc
FloorLine GFS Training Bridge 1 Unknown  Unknc
FloorLine FS Training Bridge 2 Unknown  Unknc
FloorLine GF Training Bridge 3 Unknown  Unknc
Truss Training Example

C
—_

LRFD Substructure Example 1 LRFD Substructure Example 1
LRFD Substructure Example 2 | LRFD Substructure Example 2




AASHTOWare Bridge Design and Rating Visual Reference

AASHTOWare Bridge Design and Rating Environment Overview

Bridge

Explorer Window

u AASHTOWare Bridge Design and Rating
BRIDGE EXPLORER [ BRIDGE ~ FOLDER RATE  TOOLS  VIEW  HElp |~ Bridge Explorer ta
9 & Import Y’
New O Batch Find '& Exchange In
%] Batch
Bridge Manage Exchange
E ;‘“"";‘ :"der BID Bridge ID Bridge Name
ecent Bridges — - — -
- Al Bridges Bridee Explbrer > 1 TrainingBridgel Training Bridge 1{LRFD)
& @9 Templates ge Exp 2 TrainingBridge2 Training Bridge 2(LRFD)
# Deleted Bridges ribbon commands| 3 1 iningBridge2 Training Bridge 3(LRFD)
4 | PCITrainingBridge1 PCI TrainingBridge1(LFR)
5 | PCITrainingBridge2 PClTrainingBridge2(LRFD)
6 | PCITrainingBridge3 PCI TrainingBridge3(LFR)
7 PClTrainingBridged PClTrainingBridge4{LRFD)
8 | PCITrainingBridge5 PCI TrainingBridge5(LFR)
9 | PCITrainingBridged PClTrainingBridge&(LRFD)
10 Example? Example 7 PS5 (LFR)
11 RCTrainingBridge1 RC Training Bridge1(LFR)
12 TimberTrainingBridgel Timber Tr. Bridge1 (ASR)
13 FSys GFS TrainingBridgel FloorSystern GFS Training Bridge 1
14 FSys FS TrainingBridge2 FloorSystem FS Training Bridge 2
15 FSys GF TrainingBridge3 FloorSystern GF Training Bridge 3
16  Fline GFS TrainingBridge1 FloorLine GFS Training Bridge 1
17 ' Fline FS TraininnRridne? Flaarl ine FS Trainina Bridne 2

bs

Note: Exchange options
available only when
Bridge Exchange is
enabled in Admin Utility

District County
Unknown  Unknown (P} SE
Unknown  Unknown (P) N

Unknown  Unknown (F) -

Unknown | Unknown (P} N
Unknown (F) -
Unknown (F) -
Unknown (P) |-

Lnknowen (BY 1=

Unknown
Unknown
Unknown

Linknown




AASHTOWare Bridge Design and Rating Visual Reference

AASHTOWare Bridge Design and Rating Environment Overview

Bridge Workspace Window

Bridge Design/Rate . .
£ en/ Reporting tab Ribbon
Workspace tree contextual tab
commands
u Bridge Workspace\: Visual Reference 1 ANALYSIS REPORTS ?

BRIDGE WORKSPALCE [WORKSPHCE TOOLS VIEW HELP] [ DESIGN/RATE l [F‘.EPORTINGI

Fij BSC =

Validate Close Export Refresh Open

Bridge Manage

Workspace X Schematic X Report

/I;'idge Components \

E- ¢ Visual Reference 1

& [ Components

[ Diaphragm Definitions

[ Lateral Bracing Definitions

& &) SUPERSTRUCTURE DEFINITIONS

B b Typical Span

. | Impact/Dynamic Load Allowance

- o Load Case Description i
- 457 Framing Plan Detail ——— Bridge Workspace tree

-2 Eracing Deterioration
- BSC Bracing Spec Check Selection
- Structure Typical Section
- o Superstructure Loads
[ Shear Connectar Definitions
- [ Stiffener Definitions
#- [ MEMBERS
=+ & BRIDGE ALTERNATIVES

\ - ¢y Existing 2 Span Rolled Beam (E) (C)‘/

Analysis




AASHTOWare Brid

ge Design and Rating

Visual Reference

Bridge Explorer Window

Sorting the Bridge List
Once a folder is selected to find a bridge, the corresponding bridge list may be
sorted to make the search easier. Sorting the bridge list requires double clicking
on a column heading. The first time this is done, it will sort alphabetically in
ascending order. Double clicking again will result in a descending sort. This sorting
works for all the columns in the Bridge Explorer.

—
1. Double click on Column BID) Bridge ID Bridge Name District  County Facility Location  |Route | Fe
heading to sort the bridge +———
. . 1| TrainingBridge1 Training Bridge 1(LRFD) Unknawn  Unknown (7) SR 0051 Pittsburgh 0051 SR
ID in ascending order -
3| TrainingBridge2 Training Bridge 2(LRFD) Unknown  Unknown / N/A 1 M
TrainingBridge3 ITraining Bridge 3(LRFD) Unknown  Unknown (i Pittsburgh 079 ot
4 PCTraining8ridge1 PC| TrainingBridge1(LFR} -1
PClTrainingBridge2 PCTraining8ridg=2(LRFD) -1
PCITrainingBridge3 PC| TrainingBridge2(LFR) 1
7 PCTrainingBridged PC TrainingBridge4(LAFD) 1
PClTrainingBridge5 PC| TrainingBridgeS(LFR) 1
PClTrainingBridges PClTraining8ridge6(LRFD) 1
10 Example? Example 7 DS (LFR) 1
11| RCTrainingBridge1 RC Training Bridge1(LFR) 1
13 TimberTrainingBridgel Timber Tr. Bridge 1 (ASR) -1
13 FSys GFS TrainingBridge] FloorSystem GFS Training Bridge 1 Unknown  Unknown () NJ-Turnpikel NJCity -1
14 FSys FS TrainingBridge2 FloorSystem FS Training Bridge 2 Unknown Unknown (P) 1-95 NYC 1
19 FSys GF TrainingBridge3 FloorSystem GF Training Bridge 3 Unknown  Unknown (P) 1-95 ATL 1
14 Fline GFS TrainingBridgel  [FlosrLine GFS Training Bridge 1 Unknown  Unknown () 175 A% Bl
17 Fline FS TrainingBridge2 FloorLine FS Training Bridge 2 Unknawn  Unknown () 175 GNV 1
19| Fline GF TrainingBridge3 FloorLine GF Training Bridge 3 Unknawn  Unknown (P) 195 NY 15
19 TrussTrainingExample [Truss Training Example 5
20| LRFD Substructure Example 1 |LRFD Substructure Example 1
21| LRFD Substructure Example 2 |LRFD Substructure Example 2 SR4034 | ERIECOUNTY 4034 | FC
23 LRFD Substructure Example 3 |LRFD Substructure Example 3
23| LRFD Substructure Example 4 |LRFD Substructure Example 4 (NHI Hammer Head) 1
24 Visusl Reference 1 fisuzl Reference 1 Unknown  Unknown (P) 176 WAITSFELD (176 | M
29 Culvert Example 1 Culvert Example 1 STHED
2¢ Curved Guide Spec Curved Guide Spec Example(LFR) 1
27] MultiCell Box Examples Multi Cell Box Examples 100
2¢ Gusset Plate Example (Gusset Plate Example Unknown Some Highway
2d Splice Example Solice Example -1
Je Dl -Cont |1-5p) e O Spl Lnknawn Lk ) N N 1 N
3. Select bridge from list ‘—[ 31\ MetalCulvertExample 1 _/ MetalCulvertExample 1 WAl ]

2. Double Click on
Location heading to
sort location in
ascending order

Double-clicking on a bridge from the bridge list opens the Bridge Workspace. The
Bridge Workspace houses multiple docked panels namely Workspace,
Schematic, Report and Analysis. These panels can be docked, undocked,
moved, or resized.




AASHTOWare Bridge Design and Rating Visual Reference

The Workspace window consists of Bridge and Components tab. The tree in
these tabs work like the File Explorer file tree, except that instead of sorting files
and folders, these tabs sort out different components of a bridge. The components
include the items the bridge uses, girders or beams, and deck to name a few. The
Components folder consists of all the items defined in the Components tab. Each
major component has components unto itself. The Materials component of the
Components tab, for example, is broken down into Structural and Reinforcing
Steel, Concrete, Prestress Strand/Bar, Soil and Timber. These separate
divisions are again broken down to the different materials of that division’s type. For

example, under Concrete, there may be a description for concrete class A, B and
C.

Components defined in
the Components tab

Bridge component

Workspace — 0O Workspace I
\Bndnn Companents A Bridge Components
;‘{ M Visual Reference 1 / \ ﬁf Eomponenb’. \
,g- k2 Components - e Aﬁppurbenances
§ SE-R6-82 TYPE A/B - [ Generic
- T 36WF(B36a),36%16.5x250 @ Median
- "7 3/8 inch Weld to Diaphragm [?J Pafa.-pet
- "3l 3/8 inch Weld To Web - IL’_‘) Railing
- LFE 1996 AASHTO Std. Specifications | || | |l .7 E SB-R6-82 TYPE A/B
- LRFD 1998 AASHTO LRFD Specifications &l [ Beam Shapes
- T Class A When k- [ Connectors
- @ Structural or unknown grade prior 1954 enterin g B @ Factors . )
. T 1936 to 1963 data. start ['" < Il;qRFDsL:bstructure Design Settings
:' B Diaphragm Definitions \ at the to aterial s
ﬁ Lateral Bracing Definitions p @Alummum
= ) SUPERSTRUCTURE DEFINITIONS and work [ Concrete
B- ‘v Typical Span down @ Prestress Bar
j Impact/Dynamic Load Allowance @ Prestress Strand

- @ Reinforcing Steel
- [ Soil

- [ Structural Steel

- E;J Timber

- 2t Load Case Description
- & Framing Plan Detail
EJ Bracing Deteriaration

BSC Bracing Spec Check Selection
- BT Structure Typical Section
- gtdr Superstructure Loads
- [J Shear Connector Definitions _
B [ Stiffener Definitions Material component
= ) MEMBERS and its sub

S g components

CIe \_ J

IcG: N
- T G4(G2) N

I G5(G1)
() BRIDGE ALTERNATIVES Other components of

=8
.. M Existing 2 Span Rolled Beam (E) (C) // the bridge
|




AASHTOWare Bridge Design and Rating Visual Reference

The schematics of various items in Bridge Workspace can be viewed in the
Schematic window. To view a schematic, highlight the item on the Bridge
Workspace tree and click on the Schematic button on WORKSPACE tab.

] Eridge Workspace - Visual Reference 1 ANALYSIS REPORTS

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

N . -
% & (&7 =
Close Export Refresh Open Schematic

Bridge Manage
Workspace % ¥ Schematic & X
Bridge  Components Framing Plan
B Visual Reference 1 iy ; .
é L o100% v
& [ Components : kaQe B% _— s
- [ Diaphragm Definitions Vieus| Refsrence 1
i it Wisual Reference § - Typiesl 3
[:-’)Latera\ Bracing Definitions Veul Feforonee | - Typical Spon
To open - 2 SUPERSTRUCTURE DEFINITIONS 10122009
Framing Plany] By Typical Span

4 Impact/Dynamic Load Allowance
e

~_pis Load Case Description Bi-4 7/
__ﬁ Framing Plan Detail
[ Bracing Deteriaration
- BSC Bracing Spec Check Selection - — —
T Structure Typical Section i i i
- s Superstructure Loads 'é.,% \\-{‘m““ - = — = - T \{“m deg
D Shear Connector Definitions / X ad *
i @ Stiffener Definitions %.::/ ] B2 5 %,
4 Ea

= 2 MEMBERS s, P P =
w IG1 M ! ! !
w- I G2 %, =
Ic
- I cdiEz)
I G5(G1)
(= ) BRIDGE ALTERNATIVES
B ¢y Existing 2 Span Rolled Beam (E) ()

Schematic

Analysis

The Analysis Window of Bridge Workspace has panels to display the analysis
event, analysis progress, and error/warning messages. The analysis progress and
the error/warning messages displayed are corresponding to the highlighted item in
the Analysis Event panel.

Analysis - 0 X
Analysis - Typical Span Analysis
/ \ \/ Progress
4 O Analysis Event Info - Generating model domain for line girder analysis..
. Info - Gg: Center Girder User-defined Std live load distribution factors will be
4 @ Typical Span used.
Info - Finished generating model domain for line girder analysis..
4 @ GIRDER-SYSTEM MEMBERS Info - Capacities determined using AASHTO Std Specifications 17th Edition
Info - Ratings determined using AASHTO MBE Specifications 3rd Edition, 2023
& G1 [Outer Girder] Interims ’
Error - No vehicle has been defined for live load analysis!
@ G2 [Inner Girder] Error - Line girder engine validation failed!
Error - Analysis failed! Y. Error and
@ G2 [Center Girder] x warning
W —
& G4 [Inner Girder] = " messages
& Errors |/t Warnings
\ @ G5 [Outer Girder] / Tma DeEiEe
l (<] Error - Mo vehicle has been defined for live load analysis!
(<] Error - Line girder engine validation failed!
. X Errar - Analysis failed!
Analysis Event = y J

Close

10



Visual Reference

ge Design and Rating

Checking Data Integrity

After completing data entry for a bridge, the next step is to check the data for
missing components. In some cases, this may not be necessary, but in general
practice, it is always good to ensure all the data is entered for bridge design or
rating. To run the check, click on the Validate button from the WORKSPACE tab.
The Validation tab will appear on the Report Window. This window will provide a

summary of the bridge data that has been entered.

It will also list a series of

warnings regarding the data. If something is missing, it will be listed here. Use this
as a guide to ensure data entry is complete.

b ] ANALYSIS REPORTS Bridge Workspace - Visual Reference 1
BRIDGEWORKSPACE ~ WORKSPACE ~ TOOLS  VIEW  HELP  DESIGN/RATE  REPORTING
3 =
Close Export Refresh | Open
Bridge Manage
Schematic Analysis
Workspace » Report

Bridge  Components

= @ Visual Reference 1
i [ Components
[ Diaphragm Definitions
[E? Lateral Bracing Definitions
- [ SUPERSTRUCTURE DEFINITIONS
B bref Typical Span
4 Impact/Dynamic Load Allowance
it Load Case Description
4 Framing Plan Detail
[E7 Bracing Deterioraticn
BSC Bracing Spec Check Selection
1 Structure Typical Section
2 Superstructure Loads
[ Shear Connector Definitions
[ Stiffener Definitions
= 3 MEMBERS
- I Gl
- I G2
- IG:
- 1 G4(G2)
1 G5(G1)
B+ [ BRIDGE ALTERNATIVES
B @ Existing 2 Span Rolled Beam (E) ()

Validation - Visual Reference 1

Total Number of Messages: 50 '—’ Number of warnings
ANumber of InTormanon iMessages: 33

Number of Warning Messages: 17
Number of Error Messages: o

Bridge: Visual Reference 1
Existing bridge alternative: Existing 2 Span Rolled Beam
Current bridge alternative: Existing 2 Span Rolled Beam
Existing 2 Span Rolled Beam (Bridge Alternative)
Span 1 (Superstructure)
Existing superstructure alternative: Rolled Beam Span
Current superstructure alternative: Rolled Beam Span
Rolled Beam Span (Superstructure Alternative)
Typical Span (Superstructure Definition)
No errors or warnings.
Span 2 (Superstructure)
Existing superstructure alternative: Rolled Beam Span
Current superstructure alternative: Rolled Beam Span
Rolled Beam Span (Superstructure Alternative)
Typical Span (Superstructure Definition)
No errors or warnings.
Warning: No substructures defined.
Warning: No culverts defined.
Typical Span (Girder System Superstructure Definition)
Girder Members
G1 (Girder Member)
Existing member alternative: Outer Girder
Current member alternative: Outer Girder
Outer Girdar (M Alternativa)

Summary of bridge
alternatives

|

/ Warnings

Warning: Shear connector ranges are not defined.

Warning: Composite deck values have been defined but shear connectors have not.

composite action.
Warning: Lateral support ranges are not defined.
Warning: Haunch ranges not defined.
Warning: No points of interest defined.

Check for correct

11



AASHTOWare Bridge Design and Rating Visual Reference

Saving the Bridge Data

Once the data has been entered and verified, click on the Save button from the
WORKSPACE tab to save the data. If the bridge workspace is closed before
saving, AASHTOWare Bridge Design and Rating will prompt to save the data.
Before saving, AASHTOWare Bridge Design and Rating will validate the data and
ask if you want to continue.

(—> 1. Click
to close u Eridge Workspace - Visual Reference 1 ANALYSIS
Bridge Design & Rating S ERIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE
@ Save changes to Visual Reference 17 =2 ~d J_/:'P:l_ —
Validate| Save @ Revert Close Export Refresh Open
Yes No Cancel
l o Bridge  ©OF click to save
2. Saved
{M Bridge Validation hd

Total Number of Messages: 5o
Number of Information Messages: 33
Number of Warning Messages: 17
Number of Error Messages: o

Bridge: Visual Reference 1
Existing bridge alternative: Existing 2 Span Rolled Beam
Current bridge alternative: Existing 2 Span Rolled Beam
Existing 2 Span Rolled Beam (Bridge Alternative)
Span 1 (Superstructure)
Existing superstructure alternative: Rolled Beam Span
Current superstructure alternative: Rolled Beam Span
Rolled Beam Span (Superstructure Alternative)
Typical Span (Superstructure Definition)
No errors or warnings.
Span 2 (Superstructure)
Existing supersiructure alternative: Rolled Beam Span
Current superstructure alternative: Rolled Beam Span
Rolled Beam Span (Superstructure Alternative)
Typical Span (Superstructure Definition)
o errors or warnings.
Warning: No substructures defined.
Warning: No culverts defined.
Typical Span (Girder System Superstructure Definition)
Girder Members
G1 (Girder Member)
Existing member alternative: Outer Girder
Current member alternative: Outer Girder
Outer Girder (Member Alternative)

TTarmina Thaae annnaatae sanmac arna nat dofimad hd

| Continue Saving I

Cancel Save Operation
! !

Click to save Click to go back

to workspace

12



AASHTOWare BrDR 7.6.1

Library Tutorial
LIBI - Libraries |



LIB1 — Libraries

Library Concepts
The libraries of BrDR allow for the description of items that are standardized or used frequently in the description of
a bridge or by analysis events. The libraries of BrDR currently define the following items:
e Appurtenances (parapets, medians, railings, etc.)
e  Connectors (bolts, nails)
e Corrugated Metal Panel
e  Factors
e LRFD DF Applicability Ranges
o LRFD Substructure Design Settings
e  Materials (steel, concrete, etc.)
e  Metal Box Culvert
e  Metal Pipe Culvert (corrugated, spiral rib, structural plate)
e  Prestress Shapes
e Steel Shapes
e Timber Shapes
e  Vehicles

BrDR is pre-loaded with library items selected by AASHTO. These items were taken from various sources
including the following:

o  AASHTO LRFD Bridge Design Specifications

o  AASHTO Manual for Bridge Evaluation

o AASHTO Standard Specifications for Highway Bridges

o AASHTO Standard Specifications for Transportation Materials

o AISC Manual of Steel Construction

e PCI Precast Prestressed Concrete Bridge Design Manual

Last Modified: 7/10/2025 1



LIB1 — Libraries

Library Types

Three types of library items:

Standard Items added to database by AASHTO. Standard library items are not editable.
Agency All items added to the library by a user.

User Defined Only available for vehicles.

Using Library Data

Two methods to use library items:

Linking Library item associated with a bridge component or analysis event. If the library item is modified, then
the updated data is used by the bridge component or analysis event. (Factors, Vehicles, LRFD DF
Applicability Ranges)

Copying  Data from library item copied from a library item to a bridge item. A change in the library item has no
effect on bridge items that use data previously copied from library item. (Steel Shapes, PS Shapes,
Timber Shapes, Factors, LRFD Substructure Design Settings, Materials, Appurtenances, Connections,
Corrugated Metal Panel)

Linking is used to reduce amount of data stored in database for items that are unlikely to be modified.

Library Security

e Library access can be restricted for read, write, create, and delete access.
e  Access restrictions apply to all libraries for a given user or group of users.
e Limit number of users with write, create, and delete access.

o Reduce possibility of incorrect data.

o Reduce duplicate items and inappropriate items.

Last Modified: 7/10/2025 2



LIB1 — Libraries

Library Explorer

The Library Explorer is used to navigate the various libraries. The tree control in the left pane organizes the
libraries. The item selected in the tree control determines the library items to be listed in the right pane of the

window.

-

E LIERARY AASHTOWare Bridge Design and Rating

BRIDGE EXPLORER LIBRARY

New Close
Manage
=& Appurtenances H Library Units Mame Description
G
B Generic Standiard | S1/ Metric Grade 250 AASHTO M270M Grade 250
@ Median
] Parapet Standard | SI/ Metric Grade 345 AASHTO M270M Grade 345
& Railing Standard | 51/ Metric Grade 345W AASHTO M270M Grade 345W
-2 Connectors
- Standard | 51/ Metric Grade 485W AASHTO M270M Grade 485W
7 Balt
- Nail Standard | 5I/ Metric Grade 690 <= 65 mm AASHTO M270M Grade 690 up to 65 mm thick, inclusive
- [ G ted Metal Panel
Hg poramse e e Standard | SI/ Metric Grade BY0W <= 85 mm AASHTO M270M Grade 690W up to 65 mm thick, inclusive
- LFR Standard | SI/ Metric Grade 690 - » 55 to 100 incl. AASHTO M270M - over 63 to 100 mm thick, inclusive
g LRFD Standard | 51/ Metric Grade 690W - > 65 to 100 indl. AASHTO M270M - aver 65 to 100 mm thick, inclusive
[ LRFR
[ LRFD DF Applicability Ranges Standard | US Customary Grade 36 AASHTO M270 Grade 36
- LRFD Substructure Design Settings Standard | US Customary Grade 50 AASHTO M270 Grade 50
& E“g’fl”a's_ Standard | US Customary Grade 50W AASHTO M270 Grade 50W
- uminum
@ Concrete Standard | US Customary Grade 70W - Fu = 90 ksi AASHTC M270 Grade TOW - Fu = 90 ksi
g Prestress Bar Standard | US Customary Grade TOW - Fu = 85 ksi AASHTO M270 Grade TOW - Fu = 85 ksi
- Prestress Strand
2 Reinforcing Steel Standard | US Customary Grade 100 <= 2.5" AASHTO M270 Grade 100 up to 2.5" thick, inclusive
@ Soil Standard | US Customary Grade 100W <= 2,5" AASHTO M270 Grade 100W up to 2.5" thick, inclusive
Dg _Srf’“:’”"" Ji=) Standard | US Customary Grade 100 - » 25" to 4" indl. AASHTO M270 Grade 100 - over 2.5 to 4" thick, inclusive
. imber
@ Wearing Surface Standard | US Customary Grade 100W - = 2,5" to 4" incl, AASHTO M270 Grade 100W - over 2.57 to 4" thick, inclusive
[ Weld Standard | US Customary Prior to 1905 Built prior to 1905 - steel unknown
- Metal Box Culvert
Elg Metal Pipe Culvert Standard | US Customary 1903 to 1936 Built 1905 to 1936 - steel unknown
- Corrugated Metal Pipe Standard | US Customary 1936 to 1963 Built 1936 to 1963 - steel unknown
~[2 spiral Rib Metal Pipe Standard | US Customary After 1963 Built after 1983 - steel unkown
- [ Structural Plate Pipe
- B3 Prestress Shapes Standard | US Customary AASHTO M 94(1951) AASHTO M 94(1961) or ASTM A 7(1967)
[ Box Beams Standard | US Customary AASHTO M 95(1981) AASHTO M 95(1967) or ASTM A 94(1966)
- 1B
g Te:;r::ms Standard | US Customary AASHTO M 96(1961) AASHTO M 96{1961) or ASTM A 8(1061)
[ U Beams Standard | US Customary ASTM A94 - <= 1178 ASTM A 94 - 1 1/8" thick and under
=B ;;e' Shapes Standard | US Customary ASTM A94 - over 1 1/8" t0 2" incl. | ASTM A 84 - over 1 1/8" to 2° thick, inclusive
- Angle
-~ Channel Standard | US Customary ASTM A572 -1 1/2" max, Fy = 45 ksi | ASTM A 572 - 1 1/2" thick max, Fy=45 ksi
- Rolled Beam Standard | US Customary ASTM A5T2 - 1/2° max, Fy = 65 ksi ASTM A 572 - 1/2" thick max, Fy=65 ksi
E? Lea < Standard | US Customary ASTM A514 - gver 2 /2" to 4% incl. | ASTM A 514 - over 2 1/2" to 4" thick, inclusive
=R imber Shapes
E '@ Rectangular Standard | US Customary ASTM A242 - <= 3/4" ASTM A 242 - 3/4" thick and under
-+ Vehicles Standard | US Customary ASTM 4440 - <= 3/4" ASTM & 440 - 3/4" thick and under
g I‘S\It:mjta:?;ard Gage > 5
ndard Gage v

Last Modified: 7/10/2025 3
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Exercise

Add Steel Material Library ltem
1. Click the Library button under the VIEW tab in the ribbon.

u AASHTOWare Bridge Design and Rating

BRIDGE EXPLORER ERIDGE FOLDER RATE TOOLS VIEW HELP

S O select Al =A |=| usCustomay - I 5
o @ ¥z = iy
Refresh SelectNone ¢t Seleat Ubrary Configuration

i Invert Selection By Columns

Bridge Explorer View

Select the tree item Materials/Structural Steel as shown below.

Br | LIERARY

BRIDGE EXPLORER LIBRARY

] | x

Mew Cloze

Manage

- Appurtenances

E‘.‘? Connectors

[ Corrugated Metal Panel

Ef’ Factors

- LRFD DF Applicability Ranges
- [ LRFD Substructure Design Settings
-5 Materials

Ef’ Aluminum

Eff Concrete

Ef? Prestress Bar

E‘:} Prestress Strand

-~ Reinfarcing Stesl

@ il

- [ Structural Steel

& Timber

- [ Wearing Surface

Ef? hetal Box Culbvert
- [ Metal Pipe Culvert
- [ Prestress Shapes
- [ Steel Shapes

- (2 Timber Shapes

- [ Vehicles -

o I g I oy I oy O o |

Last Modified: 7/10/2025 4
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2. Click the New button in the ribbon. A Materials: Structural Steel: New Item window will appear in the

panel below the list of Standard library items.

-
or | LIBRARY

BRIDGE EXPLORER

L] a

Mew Close

LIBRARY

Manage

& [ Appurtenances

[+ @' Connectors

- [ Corrugated Metal Panel

2 @' Factors

- [Z LRFD OF Applicability Ranges
- [Z) LRFD Substructure Design Settings
= [ Materials

- Aluminum

ﬁ' Concrete

@' Prestress Bar

ﬁ' Prestress Strand

@' Reinforcing Steel

Library

Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard

AASHTCWare Bridge Design and Rating

Units

SI/ Metric
S1/ Metric
51/ Metric
SI/ Metric
SI/ Metric
SI/ Metric
51/ Metric
51/ Metric

Name

Grade 250

Grade 345

Grade 345W

Grade 485W

Grade 690 <= 65 mm
Grade 690W <= 85 mm
Grade 690 - > 65 to 100 incl.

Grade 620W - > 65 to 100 incl.

Description

AASHTO M270M Grade 250
AASHTO M270M Grade 345
AASHTO M270M Grade 345W
AASHTO M270M Grade 485W

AASHTO M270M Grade 690 up to 65 mm thick, inclu...
AASHTO M2T0M Grade 690W up to 65 mm thick, inc...

AASHTO M270M - over 65 to 100 mm thick, inclusive
AASHTO M270M - over 65 to 100 mm thick, inclusive

-— p

B sail =
- [ Structural Steel
& Timber

@' Wearing Surface
- [ weld
@' Metal Box Culvert
[ Metal Pipe Culvert
B[ Prestress Shapes
& [ Steel Shapes
E
£

. [ Timber Shapes
£ [ Vehicles

L 4

3. Select the system of units using the radio buttons and then fill in the structural steel information as shown

below. Note that the name must be unique among all structural steel library items.

Materials: Structural Steel: New ltem 2

Mame: Steel 1 Store units as Library

AASHTO M270 50W o us
Description: S
Material properties
Specified minimum yield strength (Fy): 50.000 ksi
Specified minimum tensile strength (Fu):  70.000 ksi
Coefficient of thermal expansion: 0.0000065000 1/F
Density: 0.4900 kef
Madulus of elasticity (E): 29000.00 k=i

Save Close

Last Modified: 7/10/2025 5
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4. Click Save. The new structural steel material will now be listed in the right pane of the Library Explorer

for the tree items Materials/Structural Steel as an Agency Defined item.

.
o | LIBRARY

BRIDGE EXPLORER LIBRARY

a

Close

]
New
Manage
£ Appurtenances

ﬁ' Connectors

ﬁ' Corrugated Metal Panel
- @ Factors
- LRFD DF Applicability Ranges
[ LRFD Substructure Design Settings
- Materials
@' Aluminum
E’ Concrete
E’ Prestress Bar
E’ Prestress Strand
E’ Reinforcing Steel

[ Soil

[ Structural Steel

[ Timber
ﬁ' ‘Wearing Surface
" Weld
- @ Metal Box Culvert
b [ Metal Pipe Culvert
b [ Prestress Shapes
- @ Steel Shapes
=
=

£ Timber Shapes
£ Vehicles

AASHTCWare Bridge Design and Rating

-~
|
[m}

ASTM A 588 - over 4" to 5" thick, inclusive

ASTM A 572 - 1 1/27 thick max, Fy=53 ksi

ASTM A 572 - 17 thick max, Fy=600 ksi

ASTM A 242 - over 1 1/2" to 4" thick, inclusive

ASTM A 440 - over 1 1/2" to 4" thick, inclusive

ASTM A 447 - over 1 1/2" to 4" thick, inclusive

ASTM A 572 - over 1 1/2" to 4" thick, inclusive

ASTM A 588 - over 5" to 8" thick, inclusive

AASHTO M 188 or ASTM A 441- »47 to 8" thick, incl...

ASTM A& 447 - over 4" to 8" thick, inclusive
ASTM AST2 - 3/47 and under, Fy=50 ksi
ASTM A588 - 4" and under, Fy=50 ksi
Structural plate (thickness 0.176"-0.250")

Library Units Name Description
Standard US Customary ASTM AS88 - > 4" to 5" incl.

Standard US Customnary ASTM AST2 - 1 1/2" max, Fy = 35...

Standard US Customary ASTM AST2 - 1" max, Fy = 60 ksi

Standard US Customary ASTM A242 - » 11/2" to 47 incl.

Standard US Customary ASTM A440 - > 11/2"to 4" incl.

Standard US Customary ASTM A441 - > 11/2"to 4" incl.

Standard US Customary ASTM AST2 - > 11/2"t0 4% incl.

Standard US Customary ASTM AS8E - » 5" to 8" incl.

Standard US Customary AASHTO M188

Standard US Customary ASTM 436 ASTM A 36
Standard US Customary ASTM A447 - > 4" 10 8" incl,

Standard US Customary ASTM AST2 - <= 3/4", Fy = 50 ksi

Standard US Customary ASTM AS8E - <= 4" Fy = 50 ksi

Standard US Customany Stesl - Corrugated

Agency Defined | US Customary Stesl 1 AASHTO M270 50W

Last Modified: 7/10/2025
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Add Concrete Material Library Item

1. Select the tree item Materials/Concrete as shown below.

br | LIBRARY

BRIDGE EXPLORER LIBRARY

05 = - O

Mew Cloze

Manage

- Appurtenances

#-E Connectors

- Corrugated Metal Panel
& Factors

- LRFD DF Applicability Ranges
- LRFD Substructure Design Settings
=- [ Materials

E‘:} Aluminum

- Concrete

Ef]' Prestress Bar

Eff Prestress Strand

- [ Reinforcing Steel

Ej Soil

Ef’ Structural Steel

- Timber

- [ Wearing Surface

Ef’ Metal Box Culbvert
- [ Metal Pipe Culvert
- [ Prestress Shapes
- [ Steel Shapes

- [ Timber Shapes

- [ Vehicles

o I g I g N g O o |

Last Modified: 7/10/2025 7



LIB1 — Libraries

2. Click the New button in the ribbon. A Materials: Concrete: New Item window will appear in the panel

below the list of Standard library items.

-

o | LIBRARY

BRIDGE EXPLORER LIBRARY

Close

Manage

- [ Appurtenances

- Connectors

[ Corrugated Metal Pane!
Factors

[& LRFD DF Applicability Ranges

~[E LRFD Substructure Design Settings

- B3 Materials

2 Aluminum

= Concrete

[ Prestress Bar

- [ Prestress Strand

- [ Reinforcing Steel

£ Soil

= Structural Steel

B Timber

[ Wearing Surface

- Weld

(7 Metal Box Culvert

[ Metal Pipe Culvert

[ Prestress Shapes

[ Steel Shapes

- [ Timber Shapes

[ Vehicles

L

Library
Standard
Standard
Standard
Standard
Standard
Standard
Agengy.

AASHTOWare Bridge Design and Rating

Units
S/ Metric
S/ Metric
S/ Metric
US Customary
US Customary
US Customary
US Customary

MName
Class A
Class B
Class €
Class A (US)
Class B (US)
Class C (US)
PS 6.5 ksi

Description
Class A cement conerete
Class B cement concrete
Class C cement concrete
Class A cement conerete
Class B cement concrete
Class C cement concrete

PS 6.5 ksi (fei=5.5 ksi)

4

3. Select the system of units using the radio buttons and then fill in the concrete information as shown below.

Note that the name must be unique among all concrete library items.

Materials: Concrete: New ltem

Marme: PS5 6.5 ksi

PS 6.5 ksi (f'ci=5.5 ksi)
Description:

Specified compressive strength at 28 days (f'c):

Initial compressive strength (f'ci):
Compaosition of concrete:

Density {for dead loads):

Density (for modulus of elasticity):
Poisson's ratio:

Coefficient of thermal expansion:
Splitting tensile strength (fct):

LRFD maximum aggregate size:

i Compute |

Std modulus of elasticity (Ec):
LRFD modulus of elasticity (Ec):
Std initial modulus of elasticity:
LRFD initial modulus of elasticity:
Std modulus of rupture:

LRFD modulus of rupture:

Shear factor:

Last Modified: 7/10/2025

6.500
5.500
Narmal
0.150
0.150
0.200

0.0000060000

1.000

ksi
ksi

kef
ket

1/F

ksi
ksi

ksi
ksi

Store units as Library

O us

Sl

Save Close
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4. Click the Compute button to calculate the remaining properties or manually enter the values.

Materials: Concrete: New ltem

MName: PS5 6.5 ksi

PS 6.5 ksi {f'ci = 5.5 ksi)
Description:

Specified compressive strength at 28 days (fc): 6.5

Initial compressive strength (f'ci): 55
Compaosition of concrete: MNormal
Density (for dead loads): 015

Density (for modulus of elasticity): 015
Poisson's ratio: 0.2
Coefficient of thermal expansion: 0.000006
Splitting tensile strength (fct):

LRFD maximurm aggregate size:

Std modulus of elasticity (Ec): A887.73337
LRFD modulus of elasticity (Ec): 5007.548587
Std initial modulus of elasticity: 4496.060776
LRFD initial madulus of elasticity: 4738.96446
Std modulus of rupture: 0.604669
LRFD modulus of rupture: 0.611882
Shear factor 1

.

ksi

ket

ket

1/F

ksi

ksi

ksi

ksi

Store units as Library

O us

5l

Save

—0Ox

Close

4

5. Click Save. The new concrete material will now be listed in the right pane of the Library Explorer for the

tree items Materials/Concrete as an Agency Defined item.

r

E LIBRARY AASHTOWare Bridge Design and Rating

BRIDGE EXPLORER LIBRARY

% =8 o

MNew Duplicate Cpen Delete Close
Manage
B Appurtenances Library Units Name Description
B[ Connectars .
£ Corrugated Metal Panel Standard 51/ Metric Class & Class A cement concrete
- Factors Standard 1/ Metric Class B Class B cement concrete
-2 LRFD DF Applicability Ranges Standard 1/ Metric Class € Class C cement concrete
--[£J LRFD Substructure Design Settings
=5 Materials Standard US Customary Class A (US) Class A cement concrete
@ Aluminum Standard US Customary Class B (US) Class B cement concrete
Concret
g Pon.‘:r - B Standard US Customary Class C (U5) Class C cement cancrete
restress Bar
[ Prestress Strand »  Agency Defined | US Customary PS 6.5 ksi PS 6.5 ksi (f'ci = 5.5 ksi)
[ Reinforcing Steel
-2 Sail
-5 Structural Steel

Last Modified: 7/10/2025 9
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Add Parapet Library ltem

1. Select the tree item Appurtenances/Parapet as shown below.
o | LIERARY

BRIDGE EXPLORER LIBRARY

] x|

Mew Close

Manage

- = Appurtenances

@ Generic

[ Median

- & Parapet

- Railing

#- [ Connectars

o Corrugated Metal Panel
B Factors

-[Z LRFD DF Applicability Ranges
~[E LRFD Substructure Design Settings
BB Materials

ﬁf]' Metal Box Culvert

- [ Metal Pipe Culvert

H- [ Prestress Shapes

H- [ Steel Shapes

- [ Timber Shapes

o Vehicles

g I ey I oy O g M |

2. Click the New button in the ribbon. An Appurtenances: Parapet: New Item window will appear in the

panel below the list of Standard library items.

I Bl
ﬂ LIBRARY AASHTOWare Bridge Design and Rating ? — [m] X

BRIDGE EXPLORER. LIBRARY

1) a

New Close

Manage

¥ Appurtenances Library  Units Name Description
i g ;:EI:: Agency... | US Customary Jersey Barrier Standard New Jersey Barrier
[ Parapet
[ Railing
- Connectors
- Corrugated Metal Panel
- Factors
(& LRFD DF Applicability Ranges
[ LRFD Substructure Design Settings
- Materials
- Metal Box Culvert
- [ Metal Pipe Culvert
- [ Prestress Shapes
- Steel Shapes
- Timber Shapes
i} Vehicles

Last Modified: 7/10/2025 10
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3. Select the system of units using the radio buttons and then fill in the parapet information as shown below.

Note that the name must be unique among all parapet library items.

Appurtenances: Parapet: New ltem X

Mame: Parapet 1 Stare units as Library
Description:  Standard Jersey Barrier o us
Sl
All dimensions are in inches
- Additional load: kip/ft Parapet unit load:
0.150 kef
2.0000
Calculated rti
12.0000 —l ‘ |— 7.0000 alculated properties
[P W Y .
Referance Bl il Roadway MNet centro?d (from
Line - Surface reference line):
X 7.880 in
12,0000 Total load:
% 100000 0505 kip/ft
v
Back Front :: 3.0000

Save Close

4. Click Save. The new parapet will now be listed in the right pane of the Library Explorer for the tree items

Appurtenances/Parapet as an Agency Defined item.

-
= LIBRARY AASHTOWare Bridge Design and Rating ? = m] X

BRIDGE EXPLORER LIBRARY

11> =1 %

New Duplicate Open Delete Close

Manage

& Appurtenances Library Units MName Description
-+ [ Generic
g Median Agency Defined US Customary Jersey Barrier Standard New Jersey Barrier

- (&3 Parapet »  Agency Defined = US Customary Parapet 1 Standard Jersey Barrier
- @ Railing
B Connectors
@ Carrugated Metal Panel
[+ @ Factors
- LRFD DF Applicability Ranges
[E7 LRFD Substructure Design Settings
[]--@ Materizls
@ Metal Box Culvert
]--@ Metal Pipe Culvert
. @' Prestress Shapes
-7 Steel Shapes
- Timber Shapes
- Vehicles

T

Last Modified: 7/10/2025 11
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Add Vehicle Library Item

1. Select the tree item Vehicles/Standard Gage as shown below.

e | LIBRARY

BRIDGE EXPLORER LIBRARY

B x

Mew Close

Manage

-2 Appurtenances
Eﬂ' Connectors
[ Corrugated Metal Panel
Eﬂ' Factors
- LRFD DF Applicability Ranges
[ LRFD Substructure Design Settings
E‘.’j Iaterials
E‘fj Metal Box Cubvert
-2 Metal Pipe Culvert
- Prestress Shapes
[ Steel Shapes
-2 Timber Shapes
- Vehicles
'Ej' Mon Standard Gage
----- [ Standard Gage

2. Click the New button in the ribbon. A Vehicle: Standard Gage: New Item window will appear.

r l
o | LIERARY AASHTOWare Bridge Design and Rating ? - o X

BRIDGE EXPLORER LIBRARY

a

Close
Manage
- Appurtenances Library Units Name Description
- Connectors -
2 Comgaten MetalPanel Standard 51/ Wetric HL-93 (51) AASHTO LRFD Live Load - S1 unit system
- Factors Standard US Customary HL-93 (US) AASHTO LRFD Live Load - LS unit system
7 LRFD DF Applicability Ranges Standard US Customary HS 20-44 AASHTO H 20-5 16 Loading, 1944 Edition
[E LRFD Substructure Design Settings
-2 Materials Standard US Customary 1S 1544 AASHTO H 15-5 12 Laading, 1944 Edition
2 Metal Box Cubvert Standard US Customary 1 20-44 AASHTO H 20 Loading, 1944 Edlition
Metal Pipe Culvart
B Metal Pipe Culve Standard US Customary H15-44 AASHTO H 15 Loading, 1994 Edition
& [ Prestress Shapes
B Steel Shapes Standard US Customary Type 3 AASHTO Type 3 .
& Timber Shapes
=5 Vehicles
r B Non Standard Gage
----- [ Standard Gage
. 4

Last Modified: 7/10/2025 12
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3. Select the system of units using the radio buttons and then fill in the vehicle information as shown below

for all items not on the tab control. Note that the name must be unique among all vehicle library items.

The checkboxes inside the Design and Rating groups are used to filter the vehicle during an analysis event

based on the type of event and the type of analysis engine selected. The Vehicle Library has a library type

called User Defined. This library allows users to add their own vehicles.

Vehicle: Standard Gage: New ltem

Mame Vehicle 1

AASHTO H20-16 Loading, 1944 Edition

Description:
Truck Tandem Lane
Axle
Axle no. load
(kip)
> 1 8.00
2 32.00
3 32.00
Totals:

N o » e

Last Modified: 7/10/2025

Gage
dist,
(i)
6.00
6.00
6.00

Wheel
contact
width
(in)
10.0000
20,0000

20,0000

Click the New button to add an axle to the vehicle.

Repeat steps 4 and 5 for each additional axle.

13

Stare units as Library

Ous
Sl o Agency defined
User defined

Meotional vehicle
Axle

) Rating
spacing
() LRFD
Minimum Maximurn ASR/LFR
LRFR
14.00 14.00
14.00 30,00 Design
LRFD
ASD/LFD
New Duplicata Delete
Save Close

Enter the first axle’s dimensions. (Axle spacing is not applicable for the first axle.)

Select the Lane Tab. Enter data on the Lane tab as shown below.
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8.

Vehicle: Standard Gage: New ltem < X
o Store units as Library
Mame: Vehicle 1
Ous
AASHTO H20-16 Loading, 1944 Edition o
Description: Sl Agency defined
User defined

Truck Tandem Lans

D Motional vehicle
Load per axle line

Rating
Unifarm lane load: 0.640 kip,/ft
LRFD
Concentrated load for moment:  18.0 kip ASR/LER
Concentrated load for shean: 26.0 kip LRER
Add a second, equal magnitude concentrated load in Design
one other span to determine maximum negative
moment for continuous spans LRFD
ASDYLFD
Save Close

Click Save. The new vehicle will now be listed in the right pane of the Library Explorer for the tree items

Vehicles/Standard Gage.

-
E LIERARY AASHTOWare Bridge Design and Rating 7 —
BRIDGE EXPLORER LIBRARY
Ty Ci B fo—s
Iy = - E
MNew Duplicate Open Delete  Schematic | Close
Manage
& Appurtenances Library Units Narne Description
B Connectors
[ Corrugated Metal Panel Standard US Customary su4 5U4 - Single-Unit Bridge Posting Loads
£ Factors Standard US Customary sUs5 5U5 - Single-Unit Bridge Posting Loads
- LRFD DF Applicability Ranges
Standard US Cust sue SU8 - Single-Unit Bridge Posting Load:
[ LRFD Substructure Design Settings ance ustemary ingleTinit Bridge Fosting Leacs
[]--@ Iaterials Standard US Customary SU7T SU7 - Single-Unit Bridge Posting Loads
[ Metal Box Culvert Standard US Customary EV2 2 Axle FAST Act Emergency Vehicle 2016
B Metal Pipe Culvert
- Prestress Shapes Standard US Custormary EV3 3 Axle FAST Act Emergency Vehicle 2016
[ Steel Shapes »  Agency Defined = US Customary Vehicle 1 AASHTO H20-16 Loading, 1944 Edition
B[ Timber Shapes
E- [ Vehicles
B Non Standard Gage
-3 Standard Gage
L

Last Modified: 7/10/2025 14
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STL2 — Two Span Plate Girder Example

STL2 - Two Span Plate Girder Example

371_0!!
34"0"

i

=Il e

8 1/2" including 1/2"
\ l—integral wearing surface l_ FWS @ 25 psf /
[ T 1 [ 1 I )

[ 3-6" | 3 spaces @ 10-0" = 30-0" J . 3-6" |
" T T i

CL Field Splice
27I_0"

CrossFrame 2 spaces @ 37-0" |, 16-0" 160" | 2 spaces @ 37-0"
Spacing 90'-0" T T 90'-0"
CL End Span 1 : Span 2 CL End
. CL Pier .
Bearing Bearing

Framing Plan

Last Modified: 7/28/2025 1
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CL Field Splice
Web 63'-0" 54'-0" 63'-0"
7/16" x 36" 1/2" x 36" 7/16" x 36"
Top 63!_0“ 54!_0" 63!_0"
Flange 3/4" x 12" 1" x 16" 3/4" x 12"
Bearing Stiffener Cross Frame Bearing Stiffener Bearing Stiffener
Each Side Connection Plate (Typ.) Each Side Each Side
~ =
/ / % |
[
[
|
|
Cross =
Frame
Spacing 2 Spaces @ 37'-0 = 74'-0" . 16'-0" 16'-0" . 2 Spaces @ 37'-0 = 74'-0"
T T
Bottom 63'-0" A 54'-0" A 63'-0"
Flange 7/8" x 16" T 11/2" x 16" T 7/8" x 16"
gol_oll 90‘—0"
Span 1 Span 2
CL End CL Pier
Bearing

Last Modified: 7/28/2025

Elevation of Interior Girder
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120" Eff. Width (LRFD)

#5and #6, As =6.24 in*2 (Top)

#4 and #5, As =4.16 in"2 (Bottom)

2.97"1 < »
) °
——
19171 1o
A
Composite Section at Pier
9" 4Il 5Il

A

] 8 1/2" total
) 7 1 2"

A

<

—p

—>
w

Weight = 536 plf

Parapet Detail Haunch Detail

Note: The area of steel is provided in the section at the pier but the number of #4, #5, and #6 bars are not provided.

For simplicity, the bars will be input using an equivalent number of #9 bars which have a unit area of 1.0 in’.

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"

Last Modified: 7/28/2025 3
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BrDR Tutorial

From the Bridge Explorer create a New bridge and enter the following description data.

D 2SpanPlateGirderTr = a x

Bridge Workspace View
Template Superstructures
Bridge ID:  2SpanPlateGirderTr NBI structure ID (8): PLGirderTrBr EBridge completely defined Culverts

Substructures

Description Description (cont'd) Alternatives Global reference point  Traffic Custom agency fields
Mame: 25panPlateGirderTraining Year built:
2 span continuous compaosite steel plate girder uses LRFD
Description:
Location: Length: 180 ft
Facility carried (7): Route number: -1
Feat. intersected (6): Mi. post:
Default units: US Customary ~

Bridge association...

oK Apply Cancel

Click OK to apply the data and close the window.

The partially expanded Bridge Workspace tree is shown below.
Workspace — 0O x

Bridge Companents

2 @M 2SpanPlateGirderTr
[ Companents
[ Diaphragm Definitions
[ Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
EC Environmental Conditions

OF Design Parameters
- |3 SUPERSTRUCTURE DEFINITIONS
""" ) BRIDGE ALTERMATIVES

Last Modified: 7/28/2025 4
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Bridge Components

Bridge Materials

To enter the materials to be used by members of the bridge, in the Components tab of the Bridge Workspace, click

on the | button to expand the tree for Materials.

The tree with the expanded Materials branch is shown below.
Workspace - 0 X

Bridge Companents

= ) Components
- B2 Appurtenances

[ Beam Shapes

@ Connectars

E? Factors

[E7 LRFD Substructure Design Settings
- &2 Materials

~ [ Aluminum
@' Concrete
ET Prestress Bar
@' Prestress Strand
& Reinforcing Steel
B Soil

E @ Structural Steel

B [ Timber

To add a new steel material, in the Components tab of the Bridge Workspace, click on Materials, Structural
Steel, and select New from the Manage group of the WORKSPACE ribbon (or right mouse click on Structural

Steel and select New). The window shown below will open.

I Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? - a x

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

H [ P s

Save Close Export Refresh New
Bridge Manage

‘Workspace 2 X Schematic 2 X R.

Bridge Components
B & Companents
+ 2 Appurtenances
£ Beam Shapes
£ Connectors
& Factors
7 LRFD Substructure Design Settings
£ Materials
- 2 Aluminum
& Concrete
- [ Prestress Bar
[ Prestress Strand
2 Reinforcing Steel
& sil
£ Structural Steel
& Timber

I

Analysis

W General Preferences
Bl Close Bridge Workspace

Last Modified: 7/28/2025 5
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{1 Bridge Materials - Structural Steel = O X

MName:

Description:

Material properties

Specified minimum yield strength (Fy): ksi
Specified minimum tensile strength (Fu): ksi
Coefficient of thermal expansion: 1/F
Density: ket
Modulus of elasticity (E): kst
Copy to library... Copy from library... oK Apply Cancel

Add the structural steel material by clicking the Copy from library... button. The following window opens. Select
the AASHTO M270 Grade S0W material and click OK.

4T Library Data: Materials - Structural Steel = [m] *
Name Description Library Units H
Grade 250 AASHTO M270M Grade 250 Standard | S/ Metric -
Grade 343 AASHTO M270M Grade 345 Standard | 51/ Metric
Grade 345W AASHTO M270M Grade 345W Standard | S/ Metric
Grade 36 AASHTO M270 Grade 36 Standard | US Customary | 36.0(
Grade 485W AASHTO M270M Grade 485W Standard | 51/ Metric
Grade 50 AASHTO M270 Grade 50 Standard | US Customary | 50.00
» | Grade 50W AASHTO M270 Grade 50W Standard | US Customary | 50.0C
Grade 690 - > 65 to 100 incl. AASHTO M270M - over 65 to 100 mm thick, inclusive Standard | Sl / Metric I
Grade 690 <= 65 mm AASHTO M270M Grade 690 up to 65 mm thick, inclusive Standard | S/ Metric
rada AOMAT -~ A5 tn 100 incl AATHTO MATTOMA - musar A5 4a 100 s thicls imclisins Standard | €17 Matric v
L] [ ]
oK Apply Cancel
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The selected material properties are copied to the Bridge Materials — Structural Steel window as shown below.

™ Eridge Materials - Structural Steel = O 4

MNarme: Grade 50W

Description:  AASHTO M270 Grade 50W

Material properties

Specified minimum yield strength (Fy): 50.0000073 ksi
Specified minimum tensile strength (Fuk  70.0000102 ksi
Coefficient of thermal expansion: 0.0000065 1/F
Density: 0.49 kef
Madulus of elasticity (E): 29000.0042086 ksi
Copy to library.. Copy from library... oK Apply Cancel

Click OK to apply the data and close the window.

Add the following reinforcing steel and concrete material using the same techniques.

% Bridge Materials - Reinforcing Steel = a X

Name: Grade 60
Description: 60 ksi reinforcing steel

Material properties

Specified yield strength (fy):  60.0000087 ksi
Madulus of elasticity (Es): 29000.004206 ksi
Ultimate strength (Fu): 90,0000131 kesi
Type
Q rin
Epoxy
Galvanized
Copy to library... Copy from library... oK Apply Cancel

Click OK to apply the data and close the window.
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M Bridge Materials - Concrate - O

']

MName: ass A (US)

Descnption:  Class A cement concrete

Compressive strength at 28 days (fc):  4.0000006 ksi
Initial compressive strength (fai: kesi
Compaosition of concrete: Normal W
Density (for dead loads): 015 ket
Density (for modulus of elasticity): 0145 kcf
Poisson's ratio: 0.2

Coefficient of thermal expansion (g):  0.000005 /F

Splitting tensile strength (fct):

LRFD Maximum aggregate size: in
Compute
Std modulus of elasticity (Ec): 3644149254 ksi
LRFD modulus of elasticity (Ec): 3986.548657 ksi
Std initial modulus of elasticity: ksi
LRFD initial modulus of elasticity: ksi
Std modulus of rupture: ksi
LRFD modulus of rupture: 0479857 ksi
Shear factor: 1
Copy to library... Copy from library... oK Apply Cancel

Click OK to apply the data and close the window.
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Bridge Appurtenances

To enter the appurtenances used within the bridge, expand the tree branch labeled Appurtenances. To define a

parapet, select Parapet and click on New from the Manage button on the WORKSPACE ribbon (or double click

on Parapet in the Components tree).

n Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? = a X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPGRTING
] s |
Save Close Export Refresh
Bridge Manage
‘Workspace X Schematic £ X R.. £ X
Bridge Components
= [ Components
[=- &3 Appurtenances
- @Geﬂen:
@' Median
1 @Paraper
[ﬂ Railing New 5 X
- [?Beam Shay = Analyze
- [/) Connectel
- B Factors [®  View Summary Report
- [ LRFD Subs (@ View Detailed Report
B i
[jMatenals w5 General Preferences
&l Close Bridge Workspace
Enter the parapet details as shown below.
™ Bridge Appurtenances - Parapet — [m]
Mame: Standard Parapet
Cescription:
All dimensions are in inches
- Additional load: kip/ft Parapet unit load:
0.15 kef
4
g —l ‘ |— 5 Calculated properties
[IPI P Y .
Reference " Roadway Net centroid (from
Line - Surface reference ling):
F 3 6.297 in
32
=< Total load:
¥
F Y 0.536 kip/ft
. 4
F
Back Front o =
Copy from library... Apply Cancel

Click OK to apply the data and close the window.

The default standard LRFD and LFR factors will be used. Bridge alternatives will be added after entering the

structure definition.
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Superstructure Definition

Returning to the Bridge tab of the Bridge Workspace, double click on SUPERSTRUCTURE DEFINITIONS (or
click on SUPERSTRUCTURE DEFINITIONS and select New from the Manage group of the WORKSPACE
ribbon or right mouse click on SUPERSTRUCTURE DEFINITIONS and select New from the popup menu) to

create a new structure definition. The window shown below will appear.

&M New Superstructure Definition *

o Girder system superstructure

Girder line superstructure Superstructure definition wizard
Flaor system superstructure

Flaor line superstructure

Truss system superstructure

Truss line superstructure

Reinforced concrete slab system superstructure

Concrete multi-cell box superstructure

Advanced concrete multi-cell box superstructure

oK Cancel

Select Girder system superstructure, click OK and the Girder System Superstructure Definition window will

open.
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Enter the data as shown below and click Apply to apply the data and keep the window open.

M Girder System Superstructure Definition

Definition Analysis Specs Engine
Narne: 2 Span 4 Girder System
Description:

Default units: US Customary
Number of spans: 2 0

Number of girders: 4 =

Horizontal curvature along reference line
Haorizontal curvature

Superstructure alignment

Enter span lengths
along the reference
line:

Length

Span U:?]
=
2 a0

Modeling
O Multi-girder system MCB

With frame structure simplified definitiol

Deck type:

Concrete Deck  ~
For PS/PT only
Average humidity:

%

Member alt. types

Steel

7

R/C
Timber

OK Cancel
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The Analysis tab is shown below with the default selections. For this example, the default values will not be

overridden. No changes are required on this tab.

D Girder System Superstructure Definition - [m] pad

Definition  Analysis =~ Specs Engine

Structural slab thickness Number of shell elements
Consider structural slab thickness for rating o n the deck between girders
Consider structural slab thickness for design n the web between flanges
Slower Faster
Wearing surface More accurate Less accurate
Consider wearing surface for rating . ; ; ; . ; [ ] ; ; .
w3 [ 7 6 5 a 3 2 1

Consider wearing surface for design

Target aspect ratio for shell elements
Consider striped lanes for rating

R Slower Faster
Default analysis type: Line Girder v More accurate Less accurate
Longitudinal loading L]
! . . . . '
o L5 2 25 3 as 4
Vehicle increment: 1 ft

3D FE node generation tolerance

Transverse loading o
Percentage
Vehicle increment in lane: 2

Length
Lane increment: 4
Span Length Tolerance
P (f) 8
3D analysis control options N 1 a0 01
LFR: Medel non-composite regions as non-composite 5 a0 04

LRFD: Model non-composite regions as non-compaosite

LRFR: Model non-composite regions as non-compaosite

3D bracing member end connection analysis
o Calculated factored member force effects

Maximum of average (str

+ strength) and 75% resistance

Bracing member LRFR factors
Condition factor: Good or Satisfactory

Field measured section properties

0K Apply Cancel

Click OK to apply the data and close the window.
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Impact/Dynamic Load Allowance
Enter the impact to be used for the superstructure definition by double clicking on Impact/Dynamic Load
Allowance in the Bridge Workspace tree. The Structure Definition Impact / Dynamic Load Allowance window

shown below will open. The values shown below are default values. No changes are required to these values.

Dy Structure Definition Impact / Dynamic Load Allowance  — O X
Standard impact factor
For structural components where impact is to be included per
AASHTO 3.8.1, choose the impact factor to be used:
50
© standard AASHTO impact: | =———
L+125
Modified impact: times AASHTO impact
Constant impact override: %
LRFD dynamic load allowance
Fatigue and fracture limit states: 15 %
All other limit states: 33 %
QK Apply Cancel

The partially expanded Bridge Workspace tree is shown below.
Workspace — 0 X

Bridge Companents

= M 25panPlateGirderTr
B [ Components
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
- MFFLRFD Multiple Presence Factors
- EC Environmental Conditions

- DOF Design Parameters
£l (&) SUPERSTRUCTURE DEFINITIONS
2 Af 2 Span 4 Girder System
j Impact/Cynarmic Load Allowance

-ttt Load Case Description
- & Framing Plan Detail

- @ Bracing Deterioration
- BSC Bracing Spec Check Selection
- BT Structure Typical Section

+ gHe Superstructure Loads

Ej Shear Connector Definitions
B [ Stiffener Definitions
B [ MEMEBERS
- &) BRIDGE ALTERNATIVES
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STL2 — Two Span Plate Girder Example

BRIDGE ALTERNATIVES

Navigate to the BRIDGE ALTERNATIVES node in the Bridge Workspace tree and create a new bridge
alternative by double-clicking on BRIDGE ALTERNATIVES (or click on BRIDGE ALTERNATIVES and
select New from the Manage group of the WORKSPACE ribbon).

=] Bridge Workspace - 25panPlateGirderTr ANALYSIS REPORTS ? - o X

BRIDGE WORKSPACE 'WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

H g6 <

Save Close Export Refresh New
Bridge Manage

Workspace # X | Schematic

E

Bridge  Components
S M 25panPlateGirderTr
- @ Components
7 Diaphragm Definitions
~ [ Lateral Bracing Definitions
= HFLRFD Multiple Presence Factors
- B¢ Environmental Conditions
©F Design Paramelers Analysis
= & SUPERSTRUCTURE DEFINITIONS
% keed 2 Span 4 Girder System
~ [ BRIDGE ALTERNATIVES

o) ¢
@ View sum
@ View Detailed

@ General Preferences

B Close Bridge Workspace

Enter the following data.

£ Eridge Altarnative = a >

Alternative name:  Bridge Alternative 1

Description | Substructures

Description:

Horizontal curvature Global positioning
Reference line length: ft Distance: ft
o Start bearing End bearing Offset: ft
Starting station: ft Elevation: ft
Bearing: N 90* 0" 0.00" E

Bridge alignment

Superstructure

Culvert wizard...
wizard...

0K Apply Cancel

Click OK to apply the data and close the window.
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Expand the Bridge Alternative 1 node in the Bridge Workspace tree by clicking the  button. Double-click on the
SUPERSTRUCTURES node (or select SUPERSTRUCTURES and click New from the Manage group of the
WORKSPACE ribbon) and enter the following new superstructure.

u Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? = (] X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

4 de [

Save Close Export Refresh New
Bridge Manage

Workspace £ X Schematic 2 X R.. % X

Bridge Components
D M 2SpanPlateGirderTr
B Compenents
[E Diaphragm Definitions
[ Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
- EC Environmental Conditions
OF Design Parameters
- &3 SUPERSTRUCTURE DEFINITIONS Analysis & %
b 2 Span 4 Girder System
I= ) BRIDGE ALTERNATIVES
@ Bridge Alternative 1 (£) (C)

BSUPEPSTRUCTURF
14 Stiffness Analysis New |
7 PIERS F AT Anahae
ummary Report
1@ View Detailed Report
¢ General Preferences
E3 Close Bridge Workspace
4
M Superstructure = m] *

Superstructure name:  Superstucture 1
Description Alternatives Vehicle path Engine Substructures

Description:

Reference line

Distance: 0 ft
Offset: 0 ft
Angle: 0 Degrees
Starting station: ft

CK Apply Cancel

Click OK to apply the data and close the window.
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Expand the Superstructure 1 node in the Bridge Workspace tree by clicking the * button. Double-click on the
SUPERSTRUCTURE ALTERNATIVES node (or select SUPERSTRUCTURE ALTERNATIVES and click
New from the Manage group of the WORKSPACE ribbon) and enter the following new superstructure alternative.

u Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? — o X

BRIDGE WORKSPACE 'WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

0 ~ B
“ a& <
Save Close Export Refresh New

Bridge Manage

Workspace # X | Schematic

Biidge  Components
& @ 25panPlateGirderTr
L @ Components
2 Diaphragm Definitions
[ Lateral Bracing Definitions
nhF LRFD Multiple Presence Factors
= EC Environmental Conditions
oF Design Parameters
(€3 SUPERSTRUCTURE DEFINITIONS
l % Yrd 2 Span 4 Girder System Analys
= £ BRIDGE ALTERNATIVES
& @ Bridge Alternative 1 (E) ()
& &3 SUPERSTRUCTURES
B T2 Superstructure 1

(27 SUPERSTRUCTURE ALTERNATIVES

I Stiffness Analysis New
2 PIERS B an

am

»
Q
i} General Preferences

Close Bridge Workspace

Select the Superstructure definition 2 Span 4 Girder System as the current superstructure definition for this

Superstructure Alternative.

M Superstructure Alternative - O *
Alternative name: Superstructure Alternative 1

Description:

Superstructure definition: 2 Span 4 Girder System e

Superstructure type:

Mumber of main members:

Length
5
pan {f't:l
1 a0
2 a0

OK Apply Cancel
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Re-open the Superstructure 1 window and navigate to the Alternatives tab. The Superstructure Alternative 1

linked to 2 Span 4 Girder System is shown as the Existing and Current alternative for Superstructure 1.

™ Superstructure = O x

Superstructure name:  Superstucture 1

Description Alternatives Vehicle path Engine Substructures

Existing | Current | Superstructure alternative name | Description

> Superstructure Alternative 1

0K Apply Cancel

The partially expanded Bridge Workspace tree is shown below.
Workspace — 0O X

Bridge Components

B ™ 2SpanPlateGirderTr

- [ Companents

E’J Diaphragm Definiticns

[ Lateral Bracing Definitions

MFF LRFD Multiple Presence Factors

EC Environmental Conditions

OF Design Parameters
- &) SUPERSTRUCTURE DEFINITIONS
- brrf 2 Span 4 Girder System
& BRIDGE ALTERNATIVES
B {T Bridge Alternative 1 (E) (C}
- |3 SUPERSTRUCTURES
B TT Superstucture 1
=% i3 SUPERSTRUCTURE ALTERMATIVES
L Superstructure Alternative 1 (E) (C) (2 Span 4 Girder System)
= Stiffness Analysis

----- [ PIERS
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Load Case Description
Navigate to the 2 Span 4 Girder System superstructure definition and double-click on the Load Case Description
node in the Bridge Workspace tree to open the Load Case Description window. Click on the Add default load

case description button to create the following load cases.

& Load Case Description - ] X
Load case name Description Stage Type U
(days)
oci1 DC acting on non-composite section Non-composite (Stage 1) ~ | D,DC ~
Dcz DC acting on long-term composite section | Composite (long term) (Stage 2) ~ | D.DC v
oW DW acting on long-term compasite section | Composite (long term) (Stage 2) > | D,DW ~
> SIP Forms ‘Weight due to stay-in-place forms Non-composite (Stage 1) ~ | b,DC ~

*Prestressed members only fdd dafau!t I?“ New Duplicate Delete
case descriptions

oK Apply Cancel

Click OK to apply the data and close the window.

Structure Framing Plan Detail — Layout
Double-click on Framing Plan Detail in the Bridge Workspace tree to describe the framing plan in the Structure

Plan Details window. Enter the data as shown below.

Dy Structure Framing Plan Details = a X
Number of spans: Number of girders:
Layout Diaphragms Lateral bracing ranges

Girder spacing orientation

o Perpendicular to girder

Suppert (dil;::e;) Along support
¥ 1 0
2 0 Girder spacing
3 0 Girder (i)

B3y Startof Endof
girder | girder

> 10 10

2 10 10
3 10 10

Apply Cancel
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Structure Framing Plan Detail — Diaphragms

Switch to the Diaphragms tab to enter diaphragm spacing. Enter the following diaphragms for Girder bay 1 as
shown below and click the Apply button.

M Structure Framing Plan Details = O X
MNumber of spans: Number of girders:
Layout Diaphragms Lateral bracing ranges
: Diaphragm
5 . 1 \/
Girder bay: Copy bay to.. wizard..
Start ) End
Support distance DEFIEI | prmios Length distance Load Diash
number (ft) sp?{;‘ng of spaces (ft) () (kip) ERE
Left girder = Right girder Left girder = Right girder
1 e 0 0 0 1 0 0 0 --Not Assigned--
1 ~ 0 0 37 2 74 74 74 --Not Assigned--
2 A 0 0 0 1 0 0 0 --Not Assigned--
2 ~ 0 0 16 1 16 16 16 --Not Assigned--
»|2 ~ 16 16 37 2 74 90 90 --Not Assigned--
New Duplicate Delete
QK Apply Cancel

Click the Copy bay to... button to copy the diaphragms entered for bay 1 to the other bays. The following window
appears. Select Bay 2 and Bay 3 by holding the Ctrl key and click Apply.

M Copy Diaphragm Bay >

Bay 2

Select the new bayls): | Bay 3

Apply Cancel
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The following message appears indicating that the diaphragms have been copied. Click OK.

Bridge Design & Rating >

I_ Diaphragms from bay 1 are successfully copied to bay 2 and 3
LB

Click OK to apply the data and close the window.

Schematic - Framing Plan Detail

While the Framing Plan Detail is selected in the Bridge Workspace tree, open the schematic for the framing plan
by selecting the Schematic button on the WORKSPACE ribbon (or right click on Framing Plan Detail in the
Bridge Workspace and select Schematic from the menu).

ﬂ Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? — a X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

(=] B&6C &

Save Close Export Refresh Open Schematic

Bridge Manage

Workspace £ X Schematic £ X X

Bridge Components
& @ 2SpanPlateGirderTr
1 [7) Components
@ Diaphragm Definitions
E’ Lateral Bracing Definitions
MFF L RFD Multiple Presence Factors
- EC Environmental Conditions
OF Design Parameters
= |23 SUPERSTRUCTURE DEFINITIONS
- brrf 2 Span 4 Girder System
=3 Impact/Dynamic Load Allowance Analysis 5 %
= Load Case Description
&F Framing Plan Detai
- [ Bracing Deteriorati{ k=% Open
- BSCBracing Spec Chech [~ Analyze

T Structure Typical S [® View Summary Report
=& Superstructure Loa

a View d ol
w [ Shear Connector p— e e
- [ Stiffener Definition| =t Schematic |
B @ MEMBERS wg¢  General Preferences

= |23 BRIDGE ALTERNATIVES &3 Close Bridge Workspace
4D Bridge Alternative 1 (Ej
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The following schematic is displayed.

Schematic -0 x
Framing Plan
B hAQQée B 0% i
\ateGirderTr
tateGirderTraining - 2 Span 4 Girder System
- " 0"
- 4 - 4 - &
F <40 0 deg. T ‘/‘—‘;0 0 deg. (;u.c deg.
. x - x - .
1 1z i3 14 -5 5 -7
5 i 1 g | | g5
g i i 2 i i 2
i 1 H i
i i | i i ]!
— - T T
-1 22 28 24 25 26 27
& i H g i H K
-] i 1 2 1 1 2
i 1 i |
— 3 3
R 3z a3 34 25 k2] L7
L i | L H i L
9 i i 2 i i 2
2 i i 2 i i 2
i 1 H 1
i i i i
+ : x

Structure Typical Section - Deck

Next define the structure typical section by double-clicking on Structure Typical Section node in the Bridge

Workspace tree. Input the data describing the typical section as shown below.

™ Structure Typical Section

superstiucture definition ref. line

Distance frarm left edge of deck ta | Diztance from right edge of deck ta

|, superstructure definition ref. line

Computed right overhang:

Lane position

I
h— Superstructure Definition
\ s &?cclﬁass ! Reference Line
1 1
Lettavethang |, — ;._J Right averhang
Deck Deck (cont'd) Parapet Median Railing Generic Sidewalk
Superstructure definition reference lineis  within ~  the bridge deck.
Start End
Distance from left edge of deck to 185 & 185 &
superstructure definition reference line:
Distance from right edge of deck to oc =
N . 185 ft 185 ft
superstructure definition reference line:
Left overhang: 3.5 ft 35 ft

Striped lanes Wearing surface

Apply

Cancel

Last Modified: 7/28/2025
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Structure Typical Section — Deck (cont’d)

The Deck (cont’d) tab provides input options for the Deck concrete and the Total deck thickness. The material for

the deck concrete is selected from the list of bridge materials. Enter the data as shown below.

M Structure Typical Section = [ *
Distance from left edge of deck ta i Distance from right edge of deck to
superstructure definition ref, line |, superstructure definition ref. line
| -
Superstructure Definition
Deck be— -
\ , thickniess ! Reference Line /
T 1
Leftoverthang |, — ;._J Right cverhang
Deck Deck (cont'd) Parapet Median Railing Generic Sidewalk Lane position Striped lanes Wearing surface
Deck concrete: Class A [(US) v
Total deck thickness: 8.5 in
Load case: Engine Assigned o
Deck crack control parameter: kip/in
Sustained medular ratio factor:
Deck exposure factor:
OK Apply Cancel
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Structure Typical Section — Parapet

Navigate to the Parapet tab. Click the New button to add a row to the table. The Name of the parapet defaults to the
only barrier described for the bridge. Change the Load case to DC2 and select Back in the Measure to column (in
this example, locate the parapet on the deck by referencing the back of the parapet to the left edge of the deck).
Enter 0.0 for the Distance at start and Distance at end. Change the Front face orientation to Right. Enter another

parapet as shown below. The completed tab is shown below.

M Structure Typical Section = [ *
Back Fraont
Deck Deck (cont'd) Parapet Median Railing Generic  Sidewalk Lane position Striped lanes Wearing surface

Edge of deck | Distance at = Distance at

Name Load case Measure to | dist. measured start en ;:;::;:i;i
from (ft) (ft)
» | Standard Parapet ~ | DC2 ~ | Back v | LeftEdge v 0 0| Right
Standard Parapet ~ | DC2 ~ | Back ~ | Right Edge - 0 0] Left ™
New Duplicate Delete
OK Apply Cancel

Structure Typical Section — Lane Positions
Select the Lane position tab and use the Compute... button to compute the lane positions. A window showing the

results of the computation opens. Click Apply to apply the computed values.

M Compute Lane Positions *

Distance from left edge of | Distance from right edge of | Distance from left edge of | Distance from right edge of
travelway to superstructure | travelway to superstructure | travelway to superstructure | travelway to superstructure

T;ZV;L‘;\;? definition reference line definition reference line definition reference line definition reference line
at start (A) at start (B) at end (A) at end (B)
(ft) (ft) (ft) (ft)

¥ |I| -17 17 -17 17

Apply Cancel
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The Lane Position tab is populated as shown below.

M Structure Typical Section = a X
& -
[B), 4 Superstructure Definition Reference Line
Travelway 1 ‘ Travelway 2 »
Deck Deck (cont'd) Parapet Median Railing Generic Sidewalk Lane position Striped lanes Wearing surface
Distance from left edge of | Distance from right edge of = Distance from left edge of | Distance from right edge of
T I travelway to superstructure | travelway to superstructure  travelway to superstructure | travelway to superstructure
rave:ay definition reference line definition reference line definition reference line definition reference line
fumaer at start (A) atstart (B) atend (A) atend (B)
(ft) () (ft) (1)
> 1 = 17 -17 17
LRFD fatigue
Lanes available to trucks:
Owverride  Truck fraction: Compute New Duplicate Delete
0K Apply Cancel
Structure Typical Section — Wearing surface
Navigate to the Wearing surface tab. Enter the data shown below.
= m}

M Structure Typical Section

Distance from left edge of deck to i Distance fram right edge of deck to
superstructure definition ref. line | superstructure definition ref. line

Load case:

Wearing surface

Lane position Striped lanes

Thickness field measured (DW = 1.25 if checked)

i
Superstiucture D efinition
Deck b—
\ s Ihfknsss I Reference Line /
T T
Left averhang Right overhang
Deck Deck (cont'd) Parapet Median Railing Generic Sidewalk
Wearing surface material:
- 25 psf
Description:
Wearing surface thickness: 273 in
Wearing surface density: 108 pef
i .

Copy from library...

Apply

Cancel

Click OK to apply the data and close the window.
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Schematic — Structure Typical Section
While the Structure Typical Section is selected in the Bridge Workspace tree, open the schematic for the structure
typical section by selecting the Schematic button on the WORKSPACE ribbon (or right click on Structure

Typical Section in the Bridge Workspace and select Schematic from the menu).

ﬂ Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? - o X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

b | B = ™~

Save Close Export Refresh Open Schematic
Bridge Manage

‘Workspace £ X Schematic b

Bridge  Components
S f 2SpanPlateGirderTr
&7 Components
(&2 Diaphragm Definitions
[57 Lateral Bracing Definitions
HFF LRFD Multiple Presence Factors
= EC Environmental Conditions
- OF Design Parameters
= &3 SUPERSTRUCTURE DEFINITIONS
brrf 2 Span 4 Girder System
I+ =} Impact/Dynamic Load Allowance
2 Load Case Description
&F Framing Plan Detail
7 Bracing Deterioration
BSC Bracing Spec Check Selection
7 Structure Typical Secti
| st Superstructure Loads | k=5 Open
I~ 7 Shear Connector Definit| [~ Analyze
7 stiffener Definitions ® View Summary Report
- 7 MEMBERS
= &3 BRIDGE ALTERNATIVES (
0 Bridge Alternative 1 (E) (()l ) Schematic |
%! General Preferences

B3 Close Bridge Workspace

Analysis

al View Detailed Report

The following schematic is displayed. The girders are displayed as dashed boxes since they are not defined yet.

Schematic - 0 X
Bridge Typical Section
B hQQe B o _
2SpanPlateGirderTr
2SpanPlateGirderTraining - 2 Span 4 Girder System
7772024
. 370" .
. 340" .
_‘|I —Deck Thickness 8 1/2" 2 3/4" Asphalt—, M
I\ | Travelway 1 "'-* J
A
L 36" l 3@10-0" = 30-0" l 3-6"
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Stiffener Definitions — Transverse

Define the transverse stiffeners to be used by the girders. Expand the Stiffener Definitions node in the Bridge

Workspace tree, select Transverse and click on the New button from the Manage group of the WORKSPACE

ribbon (or right click and select New from the drop-down menu) as shown below.

ﬂ Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING
P
u =7
Save Close Export Refresh
Bridge Manage
Workspace 2 X Schematic

Bridge Components
& M 2SpanPlateGirderTr
. Components

& Diaphragm Definitions

& Lateral Bracing Definitions

MFF LRFD Multiple Presence Factors
*+ EC Environmental Conditions
-+ OF Design Parameters
T |3 SUPERSTRUCTURE DEFINITIONS.

\rrf 2 Span 4 Girder System
« —3 Impact/Dynamic Load Allowance
2+ Load Case Description Analysis

&F Framing Plan Detail

7 Bracing Deterioration

BSC Bracing Spec Check Selection

*h!rf" Structure Typical Section

<4 Superstructure Loads
@ Shear Connector Definitions
- & Stiffener Definitions

r 7 Trer .

[ Bearing New |

5 B MEMBERS [
i+ 7 BRIDGE ALTERNATI

| Analyze

@ View Summary Report
[al View Detailed Report

it General Preferences
EJ Close Bridge Workspace

? - o x

Select Trans. Plate Stiffener for Stiffener Type in the New Transverse Stiffener Definition window and click

OK to open the Transverse Stiffener Definition window as shown below.

& Mew Transverse Stiffener Definition

Stiffener Type:

Trans. Plate Stiffener W

Trans. Plate Stiffener
Trans. Angle Stiffener

pod

OK | | Cancel

Define the stiffener as shown below.
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M Transverse Stiffener Definition = a X

Name: 2 Sided Dia Conc PL

Stiffener type Top gap: | —
Single

O rair Width:

Plate

Thickness: 0.75 in
Bottom gap:

Material:

Welds

Top:

Web:

Bottom: -- None -- R

Apply Cancel

Click OK to apply the data and close the window.

Stiffener Definitions — Bearing
Define the bearing stiffeners to be used by the girders. Expand the Stiffener Definitions node in the Bridge
Workspace tree, select Bearing and click on the New button from the Manage group of the WORKSPACE ribbon

(or right click and select New from the drop-down menu) as shown below.

[+ | Bridge Workspace - 25panPlateGirderTr ANALYSIS REPORTS ? - o X

BRIDGE WORKSPACE 'WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

H doe < L]

Close Export Refresh New
Bridge Manage

Workspace 2 X Schematic

Bridge ~ Components
& @ 2SpanPlateGirderTr
[ Components
2 Diaphragm Definitions
B Lateral Bracing Definitions
wer LRFD Multiple Presence Factors
~ € Environmental Conditions
O Design Parameters
(3 SUPERSTRUCTURE DEFINITIONS
£ b 2 Span 4 Girder System
=} Impact/Dynamic Load Allowance
AL Load Case Description
&F Framing Plan Detail Analysis
[ Bracing Deterioration
85C Bracing Spec Check Selection
T Structure Typieal Section
e Superstructure Loads
[ shear Connectar Definitions
=i (&3 Stiffener Definitions
[ & Transverse
' I 2 Sided Dia Conn PL
[ Bearing.

3 2 MEMBERS m

£ BRIDGE ALTERNAT |

[@ View Detailed Repor

@ General Preferences
&3 Close Bridge Workspace
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Select Plate Stiffener for Stiffener type in the New Transverse Stiffener Definition window and click OK to

open the Transverse Stiffener Definition window as shown below.

M New Bearing Stiffener Definition x

Stiffener Type:
Plate Stiffener w

Plate Stiffener
Angle Stiffener

0K | | Cancel

Define the stiffener as shown below.

D Bearing Stiffener Definition s O *
Name: Bearing Stiffener
Plate " 9_k_ "
e

Thickness: 0.875 in in ] j|‘
Material: Grade 50W v

a in
Welds
Top: -- None -- e
Web: -- None -- w in

L+ 1
: -- None -- : =+ i
Bottom n - in %—k— in
oK Apply Cancel

Click OK to apply the data and close the window.
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Describing a member

The Member window shows the data generated when the structure definition is created. Expand the MEMBERS
folder and double click on G2 node. No changes are required in this window. The first member alternative created

will automatically be assigned as the Existing and Current member alternative for this member.

& Member = [m] X
Member name: G2 Link with: -- None -- v
Description:

Existing | Current Member alternative name = Description

Mumber of spans:

CK Apply Cancel

Member Loads

Expand the G2 member node. Double-click on the Member Loads node in the Bridge Workspace tree to open the
Girder Member Loads window. Add a new row and select SIP Forms from the options for Load case name.

Enter the Uniform load due to the stay-in-place forms as shown below.

oy

) O Y I Y
Pedestrian load: Iby/ft

Uniform Distributed Concentrated Settlement

Load case Span Uniform load
name P (kip/ft)

> SIP Forms ~ | AllSpans 0135

Description

New Duplicate Delete

OK Apply Cancel

Click OK to apply the data and close the window.
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Supports
Double click on Supports node in the Bridge Workspace tree for member G2 to open the Supports window.
Support constraints generated when the structure definition is created and are shown below. No changes are required

to this window.

M Supports = ] s
¥
[ 4 x
7 1 2
General Elastic 3D Genera 3D Elastic
Support Support Translation constraints Rotation constraints
number type X ¥ z
2 Roller
3 Roller
QK Apply Cancel

Defining a Member Alternative

Double-click on MEMBER ALTERNATIVES in the Bridge Workspace tree for member G2 to create a new
member alternative. The New Member Alternative window shown below will open. Select Steel for the Material

type and Plate for the Girder Type.

M New Member Alternative X
Material type: Girder type:
Reinforced concrete “ Built-up
Timber Rolled
v
4 [ ]
OK Cancel

Click OK to close the window and create a new member alternative.
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The Member Alternative Description window will open. Enter the data as shown below.

™ Member Alternative Description

Member alternative: Plate Girder

Description Specs Factors Engine Import Control options
Description: Material type:
Girder type:

Maodeling type:

Default units: U5 Customary

Girder property input method End bearing locations Simple DL, continuous LL
o Schedule based left 6 in
Cross-section based Right 6 in
Self load Default rating method:
Load case: Engine Assigned e LFR e
Additional self load: 0,17 kip/ft
Additional self load: %

[}

Cancel

X
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Navigate to the Control options tab of this window and select all options as shown below.

Note: Make sure to uncheck the “Must consider user input lateral bending stress” checkbox for both LRFD and
LRFR for this bridge.

| T Member Alternative Description = [m] x|

Member alternative: Plate Girder

Description Specs Factors Engine Import  Control options
|
LRFD LRFR
| Points of interest - S points of interest -
n Generate at tenth points n Generate at tenth points
n Generate at section change points n (Generate at section change points
n Generate at user-defined points n 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 Allow plastic analysis
Ignore long. reinf. in negative mement capacity Evaluate remaining fatigue life
Consider deck reinf. development length Ignore long. rein. in negative moment capacity
[ E] Must consider user input lateral bending stress ] n Include field splices in rating
Consider concurrent moments in Cb calculation Consider deck reinf. development length
=) Ll?' Gammak Method v Consider tension-field action in stiffened web end panels »
LFR ASR
21 Points of interest - 1 Points of interest
n Generate at tenth points n Generate at tenth points
ﬂ Generate at section change points n (Generate at section change points
n Generate at user-defined points n 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
n Include field splices in rating Consider tension-field action in stiffened web end panels
n Include bearing stiffeners in rating
Allow plastic analysis
Ignore long. reinf. in negative moment capacity
Ignore overload operating rating
Ignore shear
Consider deck reinf, development length v
QK Apply Cancel
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% Member Alternative Description

Member alternative: Plate Girder

Description Specs Factors Engine Import  Control options
LRFD LRFR
a
Allow moment redistribution Ignore long. reinf. in negative moment capacity
Use Appendix AS for flexural resistance ﬂ Include field splices in rating
Allow plastic analysis Consider deck reinf. development length
Ignore long. reinf. in negative moment capacity Consider tension-field action in stiffened web end panels
Consider deck reinf. development length Must consider user input lateral bending stress ]
[ Must consider user input lateral bending stress Consider concurrent moments in Cb calculation
Consider concurrent moments in Cb calculation Use compact web alternate Cb calculation
(21178 GammaE Method 2178 GammaE Method
Q Wethod & O Method A
Method B Methed B
[C Distribution factor application method 1 Distribution factor application method
By axle By axle
Q & r0 Qeyro L
LFR ASR
Allow moment redistribution 2 Points of interest
Allow plastic analysis of cover plates ﬂ Generate at tenth points
n Include field splices in rating n Generate at section change points
n Include bearing stiffeners in rating ﬂ Generate at user-defined points
Allow plastic analysis Ignore long. reinf. in negative moment capacity
Ignore long. reinf. in negative moment capacity Consider deck reinf. development length
Ignore overload operating rating Consider tension-field action in stiffened web end panels
Ignore shear
Consider deck reinf. development length
Consider tension-field action in stiffened web end panels
Distribution factor application method
By axle
Q &y ro
0K Apply Cancel

Click OK to close the window and create a new member alternative.
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Reopen the member G2 window. The newly added member alternative will automatically be assigned as the

Existing and Current member alternative for this member.

& Member = [} X
Member name: G2 Link with: -- None -- e
Description:

Existing = Current =~ Member alternative name = Description

> Plate Girder

MNumber of spans:

Span
SE:}" length
' (f)
1 90
2 90

0K Apply Cancel

Girder Profile
Expand the newly added Plate Girder member alternative for member G2. Next describe the girder profile by
double clicking on the Girder Profile node in the Bridge Workspace tree. Enter the data in each tab of the Girder

Profile window as shown below.

Web

D Girder Profile = (] X

Type:

Web Top flange Bottom flange

Begin End Start End

depth | Depthvary = depth Thi;il:;ess itsnp;:r distance Le{r;tg)th distance Material W:Iitat
(in) (i) (ft) (ft) .
? 36| None 36 04375 1 ~ 0 63 63 | Grade 50W  ~ | -- None --
36| None 36 051 ™ 63 54 117 | Grade 50W  ~ | -- None --
36| None 36 04375 2 e 27 63 ~ None v

Duplicate Delete

OK Apply Cancel
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Top flange
M Girder Profile = O
Type:
Web Top flange Bottom flange
Begin  End . Start End
width ~ width Thl;kr:;ess itli:\fl::: distance Le(nﬂg]th distance Material Weld W:I:tat
i) (in) (f) (f) g
12 12 075 1 v 4] 63 63 | Grade 50W ~ |--MNone-- -~ |--None-- -~
16 16 11 A4 63 54 117 | Grade 50W  ~ |--None-- ~ |-- None--
¥ 12 12 0752 w 27 63 90 | Grade 50W  ~ |--None-- ~ |--None--
Copy to bottom flange New Duplicate Delete
OK Apply Cancel
Bottom flange
M Girder Profile = O
Type:
Web Top flange Bottom flange
Begin | End . Start End
width | width Thu(:i:r;ess iuu':\f;é: distance Le{nﬁg]th distance Material Weld W:Iitat
i) | (in) (f (ft) g
i 16 16 0875 1 A4 0 63 ~ | --None-- ~ |--None--
16 16 1501 ~ 63 54 117 | Grade 50W | -- None-- ~ |--None--
16 16 0875 2 w 27 63 o0 ~ |--None-- ~ |--None-- ~
Copy to top flange New Duplicate Delete
QK Apply Cancel

Click OK to apply the data and close the window.
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Deck Profile
Next open the Deck Profile window by double-clicking the Deck Profile node in the Bridge Workspace tree and

enter the data describing the structural properties of the deck. The window is as shown below.

0 Deck Profile = [m} *
Type: Plate
Deck concrete Reinforcement  Shear conr
Start End Structural Start effective  End effective | Start effective  End effective
Moterial Support | = Length |“ lh’“i U3 flange width  flange width | flange width  flange width
arene number 'S(;;‘EE (] ‘SE;;“E '((in';“s (Std) (Std) (LRFD) (LRFD)
(in) (in) (in) (in)
> | Class A (US) ~ 1 v 0 180 180 8 96 96 120 120| 8
Compute from .
| typical section New Duplicate Delete
oK Apply Cancel
Enter the reinforcement data as shown below.
D Deck Profile - m] X
Type: Plate
Deck concrete Reinforcement Shear connectors
. Support £ Length 3l Std LRFD Distance =0
Material distance distance Bar size Row spacing
number ft) bar count  bar count (in) -
ft) (ft] (in)
> Grade 60 ~ |1 v 63 54 17 6.24 624 9 2.87 | Top of Slab ~
Grade 60 ~ |1 v E] 54 117 418 418 9 v 1.91| Bottom of Slab
Duplicate Delete
oK Apply Cancel

Note: As mentioned in the Note under the composite section details in Page 3 of this tutorial, for simplicity, the bars

will be input using an equivalent number of #9 bars which have a unit area of 1.0 in’.
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Composite regions described in the Shear connectors tab as shown below.
M Deck Profile - a x

Type: Plate

Deck concrete Reinforcement  Shear connectors

Input method type

Q) Ranges | Clusters ‘
|
Support _Smn Length .End Connector Number of  Number per UST=izE:
oy | distance | 8T distance o i i spacing
) ) i (in) |
I of s 180 Composite v |
Vi
Shear stud View New Duplicate Delete
design tool calcs
0K Apply Cancel

Click OK to apply the data and close the window.

Haunch Profile
To define the haunch profile , double-click on the Haunch Profile node in the Bridge Workspace tree. Select the

Haunch type and enter data as shown below.

D Steel Haunch Profile = [m] X

Haunch type: Embedded flange

]

iifnpt::: distance LT&E;”‘ distance (izr;l) (.Zr?) (Tr?)
? *) #)
(=]
> e 0 150 180 8 8 2

Duplicate Delete

QK Apply Cancel

Click OK to apply the data and close the window.
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Lateral Support
Open the Lateral Support window by double clicking on the Lateral Support node in the Bridge Workspace tree.
Regions where the slab provides lateral support for the top flange are defined as shown below.

D Lateral Support = a X

)

% Start Distahce ; Length
K i

Top lateral support ranges  Top lateral support locations Bottom lateral support locations Flange later
Top flange
Support SER Length g
| number distance ] distance
() (ft)
> 1 o 4] 180 180

Click OK to apply the data and close the window.

Stiffener Ranges
Double click on the Stiffener Ranges node in the Bridge Workspace to open the Stiffener Ranges window. Click
the Apply at diaphragms... button to open the Diaphragm Connection Plates window.

Dy Stiffener Ranges - m] X
. St Distance__ |, Snacing
[*
Transverse stiffener ranges | Longitudinal stiffener ranges
Start End
Name | WP gy Mmberof Spadng | LEnGh | o,
&) 2 &)

Apply at Stiffeners between New
disphragms.. diaphragms.. ‘

oK Apply Cancel
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Select the 2 Sided Conn PL as the Transverse Stiffener to be applied at the interior diaphragms and click OK.

D Diaphragm Connection Plates .

Apply the following stiffener definitions to the diaphragm locations:

End diaphragms and diaphragms at piers

Bearing stiffener: Bearing Stiffener e

Interior diaphragms

Transverse stiffener: | 2 Sided Dia Conn PL A

oK || Cancel || Help

The Stiffener Ranges window will be updated as shown below.

M Stiffener Ranges = a X
; Start Distance | Spacing,,
Transverse stiffener ranges Longitudinal stiffener ranges
Start . End
Mame itﬁ_lpg:: distance Nlem::ee;Df Sp{ai:)ng Le{r;gth distance
) i )
2 Sided Dia Conc PL ™~ | 1 e 7 1 0 0 7
2 Sided Dia Conc PL ~ | 1 e 74 1 0 0 74
2 Sided Dia Conc PL ™~ | 2 e 16 1 0 0 16
» | 2 Sided Dia Conc PL ™~ | 2 e 53 1 0 0 53
. Apply at Stlff'gners between MNew Duplicate Delete
diaphragms... diaphragms...
oK Apply Cancel
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This example does not have any intermediate transverse stiffeners. Click OK to apply the data and close the
window.

Bearing Stiffener Locations

Bearing stiffener definitions were assigned to locations when the Apply at diaphragms... option was used on the
Stiffener Ranges window. The Bearing Stiffener Location — Support 1 window is opened by expanding the
Bearing Stiffener Locations node in the Bridge Workspace tree and double clicking on the Support 1 node. The

assignment for support 1 is shown below. No changes are required to this window.

M Bearing Stiffener Location - Support 1 — O >

CL of Bearing

FL_»—g—mrsetx
|

| -

*MNegative offset to left of

cl bearing
Pairs of bearing stiffeners at this support: | 1 X in
‘ Stiffener | Offeet |
B Mame )
pair (in)

'+ BRI Gearing Stiffener -1 00000

OK || Apply || Cancel
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Live Load Distribution
Standard
Open the Live Load Distribution window from the Bridge Workspace tree. On Standard tab, click the Compute

from typical section... button to compute the standard live load distribution factors.

4Dy Live Load Distribution = ] X
Standard LRFD
Distribution factor input method
0 Use simplified method Use advanced method Use advanced method with 1994 guide specs
Allow distribution factors to be used to compute effects of permit loads with routine traffic
Distribution factor
o= (wheels)
loaded
Shear Shear at Moment Deflection
supports
> 1lane 14285714 14 14285714 0.5
Multi-lane 18181818 2 18181818 1
Compute from Ve calee
typical section... View cales
QK Apply Cancel
Interior (LFR wheels)
Lanes Loaded Shear Shear at Support Moment Deflection
1 lane 1.43 1.4 1.43 0.5
Multi-lane 1.82 2.0 1.82 1.0

Live load distribution factor calculation details can be viewed by clicking the View Cales button.
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LRFD

Leave this tab blank. When left blank, LRFD distribution factors are computed by the BrDR engine using the girder

system structure definition. BrDR computes the following LRFD distribution factors:

Interior (LRFD lanes)
Moment DFs
Lanes Loaded | Start Distance | End Distance | Moment DF
1 lane 0.0 64.8 0.480
64.8 115.2 0.499
115.2 180 0.48
Multi-lane 0.0 64.8 0.692
64.8 115.2 0.720
115.2 180 0.692
Shear DFs
Lanes Loaded | Start Distance | End Distance | Shear DF
1 lane 0.0 90.0 0.760
90.0 180.0 0.760
Multi-lane 0.0 90.0 0.952
90.0 180.0 0.952
Deflection DFs
Lanes Loaded | Start Distance | End Distance | Shear DF
1 lane 0.0 180 0.3*
Multi-lane 0.0 180 0.5

* includes 1.20 multiple presence factor (MPF).

The description of an interior beam for the structure definition is complete.
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Schematic — Member alternative

While the member alternative Plate Girder for member G2 is selected in the Bridge Workspace tree, open the
schematic for the girder profile by selecting the Schematic button on the WORKSPACE ribbon (or right click and

select Schematic from the menu).

= Bridge Workspace - 25panPlateGirderTr ANALYSIS REPORTS ? - [u}

BRIDGE WORKSPACE ~ WORKSPACE ~ TOOLS  WIEW  HELP  DESIGN/RATE  REPORTING

o M B2 =& [ + | -

Validate Save Close Export Refresh Open Capy Duplicate Delete| Schematic
Eridge Manage

Workspace # X | Schematic o % % X

Bridge  Components
S @ 2SpanPlateGirderTr H
& components
[ Dizphragm Definitions
B2 Lateral Bracing Definitions
e LRFD Multiple Presence Factors
- EC Enwironmental Conditions
or Design Parameters
- [ SUPERSTRUCTURE DEFINITIONS

B byrf 2 Span 4 Girder System D Expand Branch
|-+ =} Impact/Dynamic Load Allows @ o
#k Load Case Description
&F Framing Plan Detail & Open
[ Bracing Deterioration L) Copy »
BSC Bracing Spec Check Selectior [ Duplicate
T Structure Typical Section % Delete
e Superstructure Loads G Anahze
7 shear Cannector Definitions| —_~ ° "~
¥ B stiffener Definitions @] validate
= €3 MEMBERS @ v
+.‘ Ia @ View D
7 Ia
2 Member Loads
A supports & General Preferences
5 €2 MEMBER ALTERMATIV [ Clese Bridge Workspace
# I ® ©r
* Ia
# TG
+- [ BRIDGE ALTERNATIVES
v
L i

The following schematic will be displayed.

Schematic -0 x
Girder profile

B Eaads By
2SpanPlateGirder Tr

25panPlateGirderTraining - 2 Span 4 Girder System - G2
7712024

Top Flange Transitions PL 3/4'x12"x63-0"

TI16"%36"x63-0"

ro” 37-0

Shear Connector Spa

ing
Top Flange Lat. Support

Top Flange Deerioration

+ 716"x36" Web { +

Bottom Flange Transitions PL78'x16"%63-0"

Bottom Flange Deterioration

Span Lengths " 90'-0"
Notes:
* All flange length dimensions are horiz. (length along flange may differ)
* Transverse stiffener pairs shown in red
* Single transverse stiffener shown in blue.
* Bearing stiffeners shown in green.
* Dimensioning starts and ends at CL bearings.
* X denotes cross frame locations.
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LRFR Analysis

The interior member alternative can now be analyzed. To perform an LRFR rating, select the Analysis Settings
button on the Analysis group of the DESIGN/RATE ribbon. The window shown below opens.

ﬂ Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? = ] X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

i B
a= : g
Analysis Analysis Engine
Settings Events Qutputs

Analysis Results

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

M Open Template X
Templates Description Analysis Owner Public / Private
HL 93 Design Review HL 93 Design Review LRFD Public
HS 20 LFR Rating HS 20 LFR Rating LFR Public
» | LRFR Design Load Rating | LRFR Design Load Rating | LRFR Public
LRFR Legal Load Rating | LRFR Legal Load Rating | LRFR Public
Delete Open Cancel
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The Analysis Settings window will be populated as

shown below.

M Analysis Settings

Design review o Rating Rating method: LRER e
Analysis type: Line Girder v
Apply preference setting: Mone W
Vehicles Output Engine Description
Traffic direction: Both directions ~ Refresh Tempaorary vehicles Advanced
Vehicle selection Vehicle summary
E-Vehicles - Rating vehicles
EH-Standard =-LRFR
- EVW2 E--Design load rating
-EV3 ~Inventory
~H 15-44 L.-HL-93 (US)
-H 20-44 -Operating
~HL-93 (1) Add to L-HL-93 (US)
~HL-93 (US) -Fatigue
~HS 15-44 L-LRFD Fatigue Truck (US)
~HS 20 (81} [ZLegal load rating
-~H520-44 e Routine
~Lane-Type Legal Load Specialized hauling
~LRFD Fatigue Trwck (5 Permit load rating
~LRFD Fatigue Truck (US) Remove from
-MNRL
<<
-S54
-5U3
-5U8
-8SUT
~Type 3
~Type 3-3
----- Type 352
Agency
-User defined
----- Temporary
Resat Clear Open template Save template oK Apply

Cancel

Click OK to apply the data and close the window.

Tabular Results

With G2 member alternative — Plate Girder selected, click the Analyze button on the Analysis group of the

DESIGN/RATE ribbon to perform the rating.

ﬂ Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? = (]
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING
- -
Analysis| Analyze |Analysis Engine
Settings Events Outputs
Analysis Results
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When the rating analysis is finished, results can be reviewed by clicking the Tabular Results button on the Results
group of the ribbon.

ﬂ Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? = O X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPQRTING

> a— L N []
& o B e |
Analysis Analyze Analysis| Tabular [Specification Engine Results Save
Settings Events | Results |Check Detail Qutputs Graph Results
Analysis Results

The window shown below will open. Select Rating Results Summary as the Report Type and Single rating level

per row as the Display Format option to have the ratings arranged as shown below.

& Analysis Results - Plate Girder - [m] X

|
=
Print
Print |
Report type: Lane/Impact loading type Display Format
Rating Results Summary ~ o As requested Detailed Single rating level per row ~
|
. Live Load - Rating Load Rating 5 Location Location :
Live Load e Rating Method Il (Ton) Rating Factor P Span-(%) Limit State Impact Lane
HL-93 (US) Truck + Lane LRFR | Inventory 8.54 0.237 90.00 1 -(100.0) | STRENGTH-I Steel Flexure Stress = As Requested | As Requested
HL-93 (US) Truck + Lane LRFR | Operating 11.08 0.308 90.00 1 -(100.0) | STRENGTH-I Steel Flexure Stress = As Requested | As Requested
HL-93 (US) | 90%(Truck Pair + Lane) LRFR | Inventory 6.13 0.170 90.00 1 -(100.0) | STRENGTH-I Steel Flexure Stress = As Requested | As Requested
HL-93 (US) | 90%(Truck Pair + Lane) LRFR | Operating 7.95 0.221 90.00 1 -(100.0) | STRENGTH-I Steel Flexure Stress = As Requested | As Requested
HL-93 (US) Tandem + Lane LRFR | Inventory 10.04 0.279 90.00 1 -(100.0) | STRENGTH-I Steel Flexure Stress = As Requested | As Requested
HL-93 (US) Tandem + Lane LRFR | Operating 13.01 0.362 90.00 1 -(100.0) | STRENGTH-I Steel Flexure Stress = As Requested | As Requested

AASHTO LRFR Engine Version 7.6.1.3001

Analysis preference setting: None

Close |
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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, enter the Analysis Settings window as shown below.

D Analysis Settings

o Design review Rating
Analysis type: Line Girder
Lane / Impact loading type: As Requested
Vehicles QOutput Engine Description
Traffic direction: Both directions
Vehicle selection
BVehicles
EHStandard
- Alternate Military Loading
HL-93 (5I)
--HL-93 (US)
--HS 20 (SI)
-HS 20-44
~LRFD Fatigue Truck (SI)
- LRFD Fatigue Truck (US)
--Agency
User defined
----- Temporary
Reset Clear Open template

Design method: LRFD o
~ Apply preference setting: None e
Refresh Temporary vehicles Advanced
Vehicle summary
E--Design wehicles
~Design loads
L--HL-93 (U3)
----- Permit loads
----- Fatigue loads
Add to
Remove from
<
Save template oK Apply

Cancel

Click OK to apply the data and close the window.
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Next click the Analyze button on the Analysis group of the DESIGN/RATE ribbon to perform the design review.

ﬂ Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? = ] X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

% - a— o 5 e ]
=, =t a- ] = t%’ :f::": B
Analysis| Analyze |Analysis = Tabular Specification Engine Resulis Save
Settings Events = Results Check Detail Outputs Graph Results
Analysis Results

Engine Outputs
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.

ﬂ Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? = ] X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

% - a— o 0 N ]
s & e | , 3 H
Analysis Analyze Analysis Tabular Specification| Engine |Results Save
Settings Events = Results Check Detail| Outputs | Graph Results

Analysis Results

To view the LRFD spec check results (shown below), double click on the Stage 3 Spec Check Results under the
AASHTO_LRFD branch in this window.

% 2SpanPlateGirderTr - O b 4

El--2Spa nPlateGirderTr
=2 Span 4 Girder System
=-G2
)-Plate Girder

- Wizard computed Std distribution factors
=HAASHTO_LRFD

-Live Load Distribution Factors Calculations

-Live Load Distribution Factors Calculations Summary

--5tage 3 Spec Check Results (Saturday Jul. 12, 2025 18:04:07)

~Log File
~AASHTO_LRFR
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PS1 - Simple Span Prestressed | Beam Example

| #4 stirrups @ 12"

A Ay
" L. 120'-0" Nl "
&~ | | =
Elevation
. 51'-0" s
16" [ 480" R 1.6"
! 1
8" Future Wearing Surface
2" thick, 150 pcf

I TIT ) E—

[ 3-0" | 5 spaces @ 9'-0" = 450" |.3-0" |
[ T T |

Typical Section
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9" | 3" 6"
< =|: P

A
A 4

18"

»

‘_3"
: 3"

¢
<

»

Weight = 300 plf

Parapet Detail

—

3¢ 3¢ 30 30 206 38 30 28 XX X XXX XXX XXX XXX XX XXX XX XXX XXX
3¢ 30 0 38 206 38 30 28 X X XXX XX XXX XXX XXX XXX XX XXX XXX

38
300
30 30 0 %
039 30 %
38
03
0%

L 8

Strand Pattern at
Mid-Span

Material Properties

Beam Concrete: f'c = 6.5 ksi, f'ci = 5.5 ksi
Deck Concrete: f'c = 4.5 ksi

O Strand harped at 48.5'
from end of beam

390300 380 300 I 03I XX XXX XXX XX XXX XX XX XX X o o 1
390380080 X0 I XXXXXXXXXXX XXX XXX XXX X 0 o 1

| 8

L 8
38
03 %
1038 30 %
30 39 30 )%
030 0
03 %
L 8

| 8

Strand Pattern at
End of Beam

Prestressing Strand: 1/2" dia., 7 Wire strand, Fu = 270 ksi, Low Relaxation
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BrDR Training

PS1 —Simple Span PS | Beam Example

From the Bridge Explorer create a new bridge by clicking on the New button from the BRIDGE tab as shown below.

r

-

ﬂ AASHTOWare Bridge Design and Rating ? = (] X
BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS WIEW HELP
- & Import J
J
New © Bach v g
Bridge Manage
Enter the following description data.
rm PS Training Bridge1 - o X
|
Bridge Workspace View

Template

| Bridge ID:  PS Training Bridge1 NBI structure ID (8):  PS Tr.Bridgel Bridge completely defined

Description Description (cont'd) Alternatives Global reference point Traffic Custom agency fields

Name: PS1 Training Bridge Year built:

PS1 Simple span PS | Beam bridge

Description:

Location: Length:

Facility carried (7): Route number: -1
Feat. intersected (6): Mi. post:

Default units: US Customary v

Bridge association... BrR BrC Briv

oK

a Superstructures
Culverts
Substructures

Apply Cancel

Click OK to apply the data and close the window.
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Bridge Materials
To enter the materials to be used by members of the bridge, navigate to the Components tab, and click on the

button to expand the tree for Materials. The tree with the expanded Materials branch is shown below.

Workspace - 0O X

Bridge

B B Components
+ [ Appurtenances
@ [ Beam Shapes
? Ej Connectors
a Factors
2 LRFD Substructure Design Settings

Aluminum
a Concrete
£ Prestress Bar
Ej Prestress Strand
[ Reinforcing Steel
& soil
[ structural Steel
#- [ Timber

To add a new concrete material, click on Concrete, and select New from the Manage group of the WORKSPACE

ribbon (or right mouse click on Concrete and select New). The window shown below will open.

r
ﬂ Bridge Workspace - PS Training Bridge 1 ANALYSIS REPORTS ? = O X

ERIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

M % - 2

Save Close Export Refresh New
Bridge Manage

Workspace 2 X Schematic £ X R. £ X

Bridge  Components
meonents
i B2 Appurtenances
i 7 Beam Shapes
+ [ Connectors
B B Factors
|-- a LRFD Substructure Design Settings
= & Materials
a Aluminum
7 Concrete
- @ Prestress Bar
2 Prestress Strand
2 Reinforcing Steel
@ Soil
a Structural Steel
B Timber

Analysis X
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& Bridge Materials - Conerete — [m] b3
Name:
Description:
Compressive strength at 28 days (f'c): ksi
Initial compressive strength (f'ci): ksi
Composition of concrete: Normal v
Density (for dead loads): ket
Density {for modulus of elasticity) kef
Poisson's ratio: 0200
Coefficient of thermal expansion (a): | 0.0000060000 1/F
Splitting tensile strength (fct) ksi
LRFD Maximum aggregate size: in
Compute
Std modulus of elasticity (Ec): ksi
LRFD modulus of elasticity (Ec) ksi
Std initial modulus of elasticity: ksi
LRFD initial modulus of elasticity: ksi
Std modulus of rupture: ksi
LRFD modulus of rupture: ksi
Shear factor: 1.000
‘ Copy to library... | ‘ Copy from library... | | OK | | Apply | ‘ Cancel ‘

Enter the values shown above the Compute button and click the Compute button to compute the remaining values
below them. Click the Copy to library... button to save this concrete material to the library.

o e Materials - Concrete - O x

Name: PS 6.5 ksi

Description:  PS 6.5 ksi (f'ci=5.5 ksi)

Compressive strength at 28 days (f'c): 6.5 ksi

Initial compressive strength (fci): 5.5 ksi

Composition of concrete: Normal ~ |
Density (for dead loads): 0.15 j
Density (for modulus of elasticity): 0.15 . x

Poisson's ratio: 02 -

Coefficient of thermal expansion (¢):  0.000006 . '0' The Concrete Material was successfully copied to the library.

Splitting tensile strength (fct): |

LRFD Maximum aggregate size: BT

Compute

Std modulus of elasticity (Ec): 4887.73337 ksi
LRFD modulus of elasticity (Ec): 5007.548587 ksi
Std initial modulus of elasticity: 4496.060776 ksi
LRFD initial modulus of elasticity: 4738.96446 ksi
Std modulus of rupture: 0.604669 ksi
LRFD modulus of rupture: 0611882 ksi
Shear factor: 1

Copy to library... Copy from library... oK Apply Cancel

Click OK to apply the data and close the window.
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Add concrete material for the deck using the same technique. See below for deck concrete material.

&M Bridge Materials - Concrete — O X

Marne: Deck Concrete

Description: Deck Concrete

Compressive strength at 28 days (fc): 4.5 ksi
Initial compressive strength (f'ci): ksi
Composition of concrete: Normal w
Density (for dead loads): 0.15 ket
Density (for modulus of elasticity): 0,15 ket
Poisson's ratio: 0.2

Coefficient of thermal expansion (o):  0.000006 1/F

Splitting tensile strength (fct):

LRFD Maximum aggregate size: in
| Compute _
Std modulus of elasticity (Ec): 4066.839989 ksi
LRFD modulus of elasticity (Ec): 4435309122 ksi
5td initial modulus of elasticity: ksi
LRFD initial modulus of elasticity: ksi
Std modulus of rupture: 0.503115 ksi
LRFD modulus of rupture: 0.509117 ksi
Shear factor: 1
Copy to library... Copy from library... OK Apply Cancel

Reinforcement material and Prestress Strand material can be added by using the Copy from library option and
selecting the materials shown below.

Reinforcing Steel

™ Bridge Materials - Reinforcing Steel = [m] X

Name:

Description:

Material properties

Specified yield strength (fy): ksi
Modulus of elasticity (Es): ksi
Ultimate strength (Fu): ksi
Type
Q risin
Epoxy
Galvanized

Copy to library... Copy from library... OK Apply Cancel
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@ Library Data: Materials - Reinforcing Steel = [m} =
Name Description Library Uniits Fy Fu Es
Grade 300 300 MPa reinforcing steel Standard | SI/ Metric 300 500 190948
Grade 350 350 MPa reinforcing steel (rail-steel) Standard | 51/ Metric 350 550 199948
Grade 40 40 ksi reinforcing steel Standard | US Customary | 40.0..| 70.00..| 29000.0..
Grade 400 400 MPa reinforcing steel Standard | 51/ Metric 400 600 199943
Grade 50 50 ksi reinforcing steel (rail-steel) Standard | US Customary | 50.0..| 80.00.. 29000.0..
Grade 500 500 MPa reinforcing steel Standard | 51/ Metric 500 700 199948
> | Grade 60 60 ki reinforcing steel Standard | US Customary = 60.0.. 90.00.. 290000..
Grade 75 75 ksi reinforcing steel Standard | US Customary | 73.0..| 1000..| 29000.0..
Structural or unknown grade prior 1954 | Structural or unknown grade prior to 1954 | Standard | US Customary | 33.0..| 60.00.. 290000..
oK Apply Cancel
M Bridge Materials - Reinforcing Steel - O X
Marne: Grade 60
Description: 60 ksi reinforcing steel
Material properties
Specified yield strength (fy):  60.0000087 ksi
Modulus of elasticity (Es): 29000.0 ksi
Ultimate strength (Fu): 90,000 k=i
Type
O rin
Epoy
Galvanized
Copy to library... Copy from library... OK Apply Cancel
Similarly, copy the following Prestress Strand material.
™ Bridge Materials - PS Strand = [m] x
MName: 1/2° (TW-270) LR
Description:  Low relaxation 1/2"/Seven Wi
Strand diameter: 05 in
Strand area: 0.153 in*2
Strand type: Low Relaxation ~
Ultimate tensile strength (Fu): 270 kesi
Yield strength (fy): 243 ksi
Maodulus of elasticity (E): 28500 kesi
Compute
Transfer length (Std): 25 in
Transfer length (LRFD): 30 in
Unit load per length: 052 Ib/ft
Epoxy coated
Copy to library... Copy from library... OK Apply Cancel
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Beam Shapes

To enter a prestress beam shape, expand the tree labeled Beam Shapes and Prestress Shapes as shown below.

Workspace — 0 X

Bridge Components

2 B3 Components
F38 @ Appurtenances
=i~ &) Beam Shapes
= |3 Prestress Shapes
@' Box Beams
@ | Beams
@' Tee Beams
@ U Beams
(- @ Steel Shapes
- ﬁ Timber Shapes
#- [ Connectors
- [ Factors
@ LRFD Substructure Design Settings
E- [ Materials

Click on the I Beams node in the Components tree and select New from the Manage group of the WORKSPACE

ribbon (or right mouse click on I Beams and select New or double click on I Beams in the Components tree). The

window shown below will open.
.
: Bridge Workspace - PS Training Bridge 1 ANALYSIS REPORTS ? O

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

H de <

Save Close Export Refresh New

Bridge Manage

Workspace 2 X Schematic

Bridge  Components
l- &3 Components
2 Appurtenances
= (&) Beam Shapes
= £ Prestress Shapes
2 Box Beams
1 E) | Beams
B Tee Beq New
E? uBean
7 7 steel Shap! - .
& [ Timber Sh view Summarny Repor
& Connectors | @ View Detailed Report

4 Analyze

gFactnrs Wi General Preferences
LRFD Substrug
£ Materials B Close Bridge Workspace
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Select the Top flange type as Wide and click the Copy from library... button.

Dy Prestress | Beam

Name:

Description:

Dimensions = Properties  Mild steel

a

Strand gri

Top flange type

Narrow

Q wide

Deck

Radius fillet

in

Copy o [oreni- o

Apply Cancel

Select BT-72 (AASHTO-PCI Bulb-Tee BT-72) and click OK. The beam properties are copied to the Prestress I

Beam window as shown below.

@, Library Data: Prestress | Beam Shapes

[m] >

Top flange | Top flange  Bottom flange  Bottom flange  Top hauch  Bottom haunch Top

Click OK to apply the data and close the window.

Last Modified: 7/29/2025

(s Desciptes (M7 Lo Deeth thickness width thickness width height height R
BT-63 AASHTO-PCI Bulb-Tee BT-63 | Standard | US Customary 63 35 42 6 26 2 43 cl
> BT-72 AASHTO-PCI Bulb-Tee BT-72 | Standard = US Customary 72 35 42 6 26 2 43
1-28x66 |-28x66 Standard | US Customary 66 3 42 8 28 3 10
1-28x78 |-28x78 Standard | US Customary 78 3 42 8 28 3 10
1-28x84 |-28x84 Standard | US Customary a4 5 42 8 28 3 10 -
4 >
oK Apply Cancel
D Prestress | Beam = o X
Narne: BT-72 Top flange type
AASHTO-PCI Bulb-Tee BT-72 Narrow
Description: o Wide
Dimensions Properties Mild steel Strand grid
in Deck
2 in Radius fillet
6 72 in
Capy to library... Copy from library... oK Apply Cancel
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Bridge - Appurtenances

To enter the appurtenances, expand the tree branch labeled Appurtenances. To define a parapet, select Parapet and
click on New from the Manage button on the WORKSPACE ribbon (or double click on Parapet in the Components

tree).

r

l Bridge Workspace - PS Training Bridge 1 ANALYSIS REPORTS ? m

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

(o | % P

Save Close Export Refresh New
Bridge Manage

‘Workspace 2 X

Bridge ~ Components

= &2 Components

T ED Appurtenances

B2 Generic

'r) Median

7 Parapet
~ B Railing
¥ Beam Shapes
L’; Connectors
& Factors
[E7 LRFD Substructure Design Settings

—y

# B Materials

=t —t

Enter the parapet details as shown below.

M Bridge Appurtenances - Parapet = O X
Marne: 300 PLF Parapet
Description:

All dimensions ara in inches

pl Additional load: kipy/ft Parapet unit load:
0.15 kecf
3
9 ._l ‘ |— 6 Calculated properties
Reference ] Roadway MNet centroid (from
Line ¥ 0 Surface reference line):
[y 6244 in
8 Total load:
¥
X 3 0.300 kip/ft
v
Back Frant :: 3
Copy from library... QK Apply Cancel

Click OK to apply the data and close the window.
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The default impact factors, standard LRFD and LFR factors will be used. Bridge Alternatives will be added after

entering the Structure Definition.

Superstructure definition

Returning to the Bridge tab of the Bridge Workspace, double click on SUPERSTRUCTURE DEFINITIONS (or
click on SUPERSTRUCTURE DEFINITIONS and select New from the Manage group of the WORKSPACE
ribbon or right mouse click on SUPERSTRUCTURE DEFINITIONS and select New from the popup menu) to

create a new structure definition. The window shown below will appear.

™ New Superstructure Definition *

o Girder system superstructure

Girder line superstructure Superstructure definition wizard
Floor system superstructure

Flaor line superstructure

Truss system superstructure

Truss line superstructure

Reinforced concrete slab system superstructure

Concrete multi-cell box superstructure

Advanced concrete multi-cell box superstructure

oK Cancel

Select Girder system superstructure, click OK
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The Girder System Superstructure Definition window will open. Enter the data as shown below.

My Girder System Superstructure Definition = [m] X

Definition Analysis Specs Engine

Narme: Girder System Modeling

© Muitigirder system || MCB

With frame structure simplified definitior

Description:
Deck type:
Concrete Deck  ~
Default units: US Customary Enter span lengths For PS/PT only
along the reference
Number of spans: 15 line: Average humidity:
Number of girders: 6 O coun Lenath 70 %
)
3 1 120 Member alt. types
Steel

Horizontal curvature along reference line
Horizontal curvature

Superstructure alignment

oK Apply Cancel

Click OK to apply the data and close the window.

The partially expanded Bridge Workspace tree is shown below.
Workspace — 0 X

Eridge Components
- #M PS Training Bridge 1
B [ Components
- [ Diaphragm Definitions
['b’ Lateral Bracing Definitions
HFF LRFD Multiple Presence Factors
EC Environmental Conditions

-+ DF Design Parameters
B~ [ SUPERSTRUCTURE DEFINITIONS
B bf Girder System
-3 Impact/Dynamic Load Allowance
- 3+ Load Case Description
- &% Framing Plan Detail
@ Bracing Deteriaration
- BSC Bracing Spec Check Selection
m Structure Typical Section
- Superstructure Loads
@Concre{e Stress Limits
- [ Prestress Properties
[E25 B Shear Reinforcement Definitions
= ) MEMBERS
I
Ia
I3
I
Ics
®- I G6
[ BRIDGE ALTERNATIVES
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Navigate to the Bridge Alternatives node in the Bridge Workspace tree and create a new Bridge Alternative, a new

Structure, and a new Structure Alternative as shown below.

BRIDGE ALTERNATIVES

Navigate to the BRIDGE ALTERNATIVES node in the Bridge Workspace tree and create a new bridge alternative
by double-clicking on BRIDGE ALTERNATIVES (or click on BRIDGE ALTERNATIVES and select New from
the Manage group of the WORKSPACE ribbon). Enter the following data.

M Bridge Alternative - O *

Alternative name: |E ridge Alternative #1

Description Substructures

Description:

Glebal positioning
Reference line length: ft Distance: 0 ft
o Start bearing End bearing Offset: 0 ft
Starting station: ft Elevation: ft
Bearing: N 90* 0’ 0.00" E

Bridge alignment

Superstructure

. Culvert wizard...
wizard...

OK Apply Cancel

Click OK to apply the data and close the window.
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Expand the Bridge Alternative #1 node in the Bridge Workspace tree. Double-click on the SUPERSTRUCTURES

node (or select SUPERSTRUCTURES and click New from the Manage group of the WORKSPACE ribbon) and
enter the following new superstructure.

™ Superstructure - m] *
Superstructure name:  Structure 1
Description Alternatives ehicle path Engine Substructures
Description:
Reference line
Distance: 0 ft
Offset: 0 ft
Angle: 0 Degrees
Starting station: ft
0K Apply Cancel

Click OK to apply the data and close the window.

Expand the Structure 1 node in the Bridge Workspace tree. Double-click on the SUPERSTRUCTURE
ALTERNATIVES node (or select SUPERSTRUCTURE ALTERNATIVES and click New from the Manage
group of the WORKSPACE ribbon) and enter the following new superstructure alternative. Select the superstructure

definition Girder System as the current superstructure definition for this Superstructure Alternative.

M Superstructure Alternative - O *

Alternative name: Structure Alternative 1

Description:

Superstructure definition:  Girder System
Superstructure type:

Number of main members:

Length

Span )

» 1 120

QK Apply Cancel

Click OK to apply the data and close the window.
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Re-open the Structure 1 window and navigate to the Alternatives tab. The Structure Alternative #1 will be shown

as the Existing and Current alternative for Structure #1.

D Superstructure — O X

Superstructure name:  Structure 1

Description Alternatives Vehide path Engine Substructures

Existing | Current = Superstructure alternative name | Description

¥ Structure Alternative 1

OK Apply Cancel

The partially expanded Bridge Workspace tree is shown below.

Workspace - 0O X

Eridge Components
= M PS Training Bridge 1
- [ Components
- [ Diaphragm Definitions
[ Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
EC Environmental Conditions

- BF Design Parameters
= [ SUPERSTRUCTURE DEFINITIONS
- b Girder System
= [ BRIDGE ALTERNATIVES
= % Bridge Alternative 21 (B} (C)
&3 SUPERSTRUCTURES
B == Structure 1
B =3 SUPERSTRUCTURE ALTERMATIVES
] Superstructure Altenative 1 (E) (C) (Girder System)
= Stiffness Analysis

----- [ PIERS
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Load Case Description
Navigate back to the superstructure definition — Girder System. Double-click on the Load Case Description node

in the Bridge Workspace tree to open the Load Case Description window and define the dead load cases as shown

below. The completed Load Case Description window is shown below.

M Load Case Description = ] *
Load case name Description Stage Type sy
P iz} Yp! (days)
> | Parapets Compasite (long term) (Stage 2) ~ | D,DC ~
Future wearing surface Compasite (long term) (Stage 2) ~ | DDW hd

*Prestressed members only (ke default load New Duplicate Delete
case descriptions

OK Apply Cancel

Click OK to apply the data and close the window.

Structure Framing Plan Detail — Layout

Double-click on Framing Plan Detail in the Bridge Workspace tree to describe the framing plan in the Structure

Framing Plan Details window. Enter the data as shown below and click Apply to apply the data and not close the

window.
D Structure Framing Plan Details = m} >
Number of spans: Number of girders:
Layout Diaphragms
Girder spacing orientation
Perpendicular to girder
5 " Skew o " B
ppa (degrees) Along support
1 0
2 0 Girder spacing
Girder (ft)

b3y | Startof Endof

girder | girder
I

9

[E B S VY
w e o W e
wow o W

OK Apply Cancel
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Structure Framing Plan Detail — Diaphragms
Switch to the Diaphragms tab to enter diaphragm spacing. Click the Diaphragm wizard... button to add diaphragms
for the entire structure. Select the desired framing plan system and click the Next button. Enter the following data

on the window shown below.

M Diaphragm Wizard X ™ Diapt zar
Select the desired framing plan system: ) .
Diaphragm spacing
o Enter number of equal spaces per span
Enter equal spacing per span
Enter groups of equal spacing
Support diaphragm load: kip
Interior diaphragm load: kip
5 Length Number of
pan (ft) equal spaces
> 1 120 2
Mext » Cancel < Back Finish Cancel

Click the Finish button to add the diaphragms. The Diaphragm Wizard will create diaphragms for all the girder

bays in the structure. The diaphragms created for Girder bay 1 are shown below.

™ Structure Framing Plan Details = O X
Mumber of spans: Number of girders:
Layout Diaphragms
. Diaphragm
5 1
Girder bay: v Copy bay to... wizard..
Start ) End
Support distance Dlsar;:l:r‘:gm Number = Length distance Load Diahragm
number (ft} P{&) & of spaces (ft) (ft) (kip) phreg
Left girder | Right girder Left girder | Right girder
1 e o 0 0 1 0 0 0 --Not Assigned--
1 e o 0 60 1 60 60 60 --Not Assigned--
1 e 120 120 0 1 0 120 120 --Not Assigned--
New Duplicate Delete
OK Apply Cancel

Click OK to apply the data and close the window.
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Structure Typical Section - Deck

Next define the structure typical section by double-clicking on Structure Typical Section node in the Bridge

Workspace tree. Input the data describing the typical section in as shown below and click Apply.

4 Structure Typical Section

= [m] *

Distance from left edge of deck to | Distance from right edge of deck to
superstructure definition ref. ine | superstructure: defirition ref. line

) .
Superstructure Definition
Deck p
\ shickness | Peferencetine /
I * T
Left overhang Right overhang

Deck | Deck(contd)  Parapet

Median  Raiing  Generic  Sidewalk  Lane position  Striped lanes  Wearing surface
Superstructure definition reference lineis  within

Start End
Distance from left edge of deck to
superstructure definition reference line:
Distance from right edge of deck to . & (25 &
superstructure definition reference line:

Left overhang:

E]
u
E]

Computed right overhang:

oK Apply Cancel

Structure Typical Section — Deck (cont’d)

The Deck (cont’d) tab is used to enter information about the Deck concrete and the Total deck thickness. The

material to be used for the deck concrete is selected from the list of bridge materials. Enter the data as shown below.

M Structure Typical Section = [m] x
Distance from left edge of deck to i Distance from right edge of deck to
superstiucture definition ref. line |, Superstucture definition ref. line
i .
Superstiucture Definition
Dack b—
\ , trickness ! Feference Line /
T T
Left overhang Right overhang
Deck Deck (cont'd) Parapet Median Railing Generic Sidewalk Lane position Striped lanes Wearing surface
Deck concrete: Deck Concrete ~
Total deck thickness: 8 in
Load case: Engine Assigned ~
Deck crack control parameter: 130 kip/in
Sustained modular ratio factor: 2
Deck exposure factor:
CK ; Apply Cancel
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Structure Typical Section — Parapets

Add two parapets as shown below.

D Structure Typical Section = [m} *
Back Frant
Deck Deck (cont'd) Parapet Median Railing Generic Sidewalk Lane position Striped lanes Wearing surface

Edge of deck | Distanceat Distance at

Name Load case Measure to  dist. measured start end FiBis
onentation
from (ft) (f)
> | 300 PLF Parapet ~ | Parapets ~ | Back ~ | LeftkEdge 0 0| Right -
300 PLF Parapet ~ | Parapets ~ | Back ~ | Right Edge ~ 4] 0| Left v
New Duplicate Delets
QK Apply Cancel

Structure Typical Section — Lane Positions
Select the Lane position tab and use the Compute... button to compute the lane positions. A window showing the

results of the computation opens. Click Apply to apply the computed values.

M Compute Lane Positions X

Distance from left edge of = Distance from right edge of =~ Distance from left edge of = Distance from right edge of
travelway to superstructure | travelway to superstructure | travelway to superstructure | travelway to superstructure

T;T;'E;\zy definition reference line definition reference line definition reference line definition reference line
at start (A) at start (B) at end (A) at end (B)
(ft) (ft) (ft) (ft)

> 24 24 24 24

Apply Cancel
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The Lane Position tab is populated as shown below.

M Structure Typical Section (]
4] +f»
[E] — Superstructure Definition Reference Line
Travelway 1 | Travelway 2 |
Deck Deck (cont'd) Parapet Median Railing Generic Sidewalk Lane position Striped lanes ~ Wearing surface
Distance from left edge of | Distance from right edge of | Distance from left edge of | Distance from right edge of
Travelwa travelway to superstructure  travelway to superstructure | travelway to superstructure | travelway to superstructure
numbery definition reference line definition reference line definition reference line definition reference line
at start (&) at start (B) at end (&) at end (B)
(ft) (ft) (ft) (ft)
» 1 -24 24 -24 24
LRFD fatigue
Lanes available to trucks:
Owverri on: i
Override  Truck fraction: Compute Mew Duplicate Delete
OK Apply Cancel
Structure Typical Section — Wearing surface.
Enter the data shown below.
D Structure Typical Section = m] X
Distance from left edge of deck to i Distance from right edge of deck to
superstiucture definition ref, line | superstiucture definition ref. line
)
l— Fuperstructure Defirition
\ ﬁfcckkness [ Rsference Line
I T
Left overhang Right overhang
Deck Deck (cont'd) Parapet Median Railing Generic alk ane position Striped lanes Wearing surface
Wearing surface material:  Bitum
Description:
‘Wearing surface thickness: 2 in Thickness field measured (DW = 1.25 if checked)
Wearing surface density: 150 pcf
Load case: Future wearing surface ~ Copy from library...
0K Apply Cancel

Click OK to apply the data and close the window.
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Concrete Stress Limits

A Stress Limit defines the allowable concrete stresses for a given concrete material. Double click on the Concrete
Stress Limits node in the Bridge Workspace tree to open the Stress Limit Sets — Concrete window. Enter data
shown above the Compute button, select Moderate for the Corrosion condition and select the PS 6.5 ksi concrete
material from the drop-down menu of the Concrete material. Click the Compute button. Default values for the
allowable stresses will be computed based on the Concrete material selected and the AASHTO Specifications. A
default value for the Final allowable slab compression is not computed since the deck concrete is typically different

from the concrete used in the beam. Enter the value shown below for the LFD Final allowable slab compression.

M Stress Limit Sets - Concrete = O *
Mame: 0.5 ksi Concrete Stress Limit

Description: Stress limit for 8.5 ksi concrete used in beam

Corrosion condition: Moderate i

Final allowable tension stress limit coef. (US) averride:

Concrete material: PS5 6.5 ksi w
Compute
LFD LRFD

Initial allowable compression: 33 ksi 3.575 ksi
Initial allowable tension: 0.2 ksi 0.2 ksi
Final allowable compression: 3.9 ksi 3.0 ksi
Final allowable tension: 04844069  ksi 0.4844069  ksi
Final allowable DL compression: 2.6 ksi 2.925 ksi
Final allowable slab compression: 2.4 ksi ksi
Final allowable compression: 26 si 25 ki

(LL+1/2(Pe+DL))

oK Apply Cancel

Click OK to apply the data and close the window.
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Prestress Properties
Double click on the Prestress Properties node in the Bridge Workspace tree to open the Prestress Properties
window. Define the prestress properties as shown below. Since the AASHTO Approximate method is used to

compute the losses, only the information on the General P/S data tab is required.

™ Prestress Properties - d s

MName: | 1/2" LR AASHTO Loss

General P/5 data -"| Loss data - lump sum | Loss data - PCI -"|

P/5 strand material: 1/2" (TW-270) LR w Jacking stress ratio: 0.750

Loss method: AASHTO Approximate v P/S transfer stress ratio: | 0.690
Transfer time: 240 Hours
Age at deck placement: | 60.00 Days
Final age: 36525.00 Days

Loss data - AASHTO
Percentage DL: | 0.0 %

D Include elastic gains

OK | | Apply | | Cancel

Click OK to apply the data and close the window.
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Shear Reinforcement
Define shear reinforcement to be used by the girders. Expand the Shear Reinforcement Definitions on the Bridge
Workspace tree, select the Vertical node and click on New from the Manage group of the WORKSPACE ribbon

(or double click on Vertical).

: Bridge Workspace - PS Training Bridge1 ANALYSIS REPORTS ? (u] x

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

H & [
a S Y

Save Close Export Refresh New Paste

Bridge Manage

Workspace # X | Schematic

Bridge Components
& @ PS Training Bridge?
2 components
[ Diaphragm Definitions
[ Lateral Bracing Definitions
MPF LRFD Multiple Presence Factors
~ EC Environmental Conditions
of Design Parameters
i [E3 SUPERSTRUCTURE DEFINITIONS
S \rd Girder System
- =} Impact/Dynamic Load Allowance
2t Load Case Description
&F Framing Plan Detail Analysis
2 Bracing Deterioration
BSC Bracing Spec Check Selection
7 Structure Typical Section
M Superstructure Loads
- |3 Conarete Stress Limits
O 6.5 ksi Concrete Stress Limit
+ | Prestress Properties
' &1/2" LR AASHTO Loss
& Shear Reinforcement Definitions
9 Vertical
B2 Horizontal
4 B MEMBERS
2 BRIDGE ALTERNATIVES

Define the stirrup as shown below. Click OK to apply the data and close the window.

D Shear Reinforcement Definition - Vertical - m} bt
Mame: | #4 shear reinf
P
Material: Grade 60 ~
Bar size: 4 AL
Number of legs: 2.00
) Inclination (alpha): | 90.0 Degrees
—— Wertical
Shear
Reinforcement
QK | | Apply | | Cancel
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A partially expanded Bridge Workspace is shown below.

Workspace — 0O x

Bridge Components
= M PS Training Bridge 1
- [ Companents
[? Diaphragm Definitions
[ Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
ES Environmental Conditions

- OF Design Parameters
El- &5 SUPERSTRUCTURE DEFINITIONS
- b Girder Systemn
= Impact/Dynamic Load Allowance
- ot Load Case Description
- A& Framing Plan Detail
[ Bracing Deterioration
- BEC Bracing Spec Check Selection
- BT Structure Typical Section
- o Superstructure Loads
= &3 Concrete Stress Limits
----- O 6.5 ksi Concrete Stress Limit
= |} Prestress Properties
----- il 1727 LR AASHTO Loss
=~ &) Shear Reinforcement Definitions

- |20 Vertical
L. D #4 shear reinf

----- [ Horizental
E- [ MEMBERS
- I
IaGz
IaGz
IGe
IaGs
I G
- [ BRIDGE ALTERMATIVES
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Describing a member:
The Member window shows the data that was generated when the structure definition was created. No changes are

required in this window. The first Member Alternative created will automatically be assigned as the Existing and

Current member alternative for this Member.

M Member = O *
Member name:  G1 Link with; - Mane -- V
Description:
Existing | Current = Member alternative name | Description
Number of spans: Span
Span
o, length
(ft)
> 1 120
QK Apply Cancel

Defining a Member Alternative
Double-click on MEMBER ALTERNATIVES in the Bridge Workspace tree for member G1 to create a new
member alternative. The New Member Alternative window shown below will open. Select Prestressed

(pretensioned) concrete for the Material type and PS Precast I for the Girder Type.

M Mew Member Alternative *
Material type: Girder type:
a
Post tensianed concrete PS Precast Box

Prestressed (pretensioned) concrete I PS5 Precast |

Reinforced concrete PS Precast Tee

Steel w PS5 Precast U
o ———

OK Cancel

Click OK to close the window and create a new member alternative.
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The Member Alternative Description window will open as shown below. Enter the data as shown below. The

Schedule based Girder property input method is the only input method available for a prestressed concrete beam.

| ¢ Member Alternative Description = [m} x

| Member alternative: Precast | Beam Alternative

Description Specs Factors Engine Import Control options
Description: Material type: ~ Prestressed (Pretensioned) Concrete
Girder type: PS5 Precast |

Modeling type:  Multi Girder System

Default units; US Customary R
Girder property input method
|
Self load Default rating method:
Load case: Engine Assigned v LFR v
Additional self load: kip/ft
Additional self load: %
Crack control parameter (Z) Exposure factor
Use creep
Top of beam: kip/in Top of beam: Allow cracking at girder ends
Bottom of beam: kip/in Bottom of beam:

QK Apply Cancel

Click OK to close the window and create a new member alternative.
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Beam Details
Expand the newly added member alternative in the workspace. Next describe the beam by double clicking on the

Beam Details node in the Bridge Workspace tree. Enter the data in each tab of the Beam Details window as shown

below.
£ Beam Details - [m] X
|
Span detail Stress limit ranges Slab interface Web end block Bearing Detail
Beam projection
Span P Girdler Prestress . -
number P material properties Leftend  Right end
(in) (in)
1 BT-72 ~ | PSB.3ks ~ | 1/2" LR AASHTO Loss 6 6
Apply Cancel

Navigate to the Stress limit ranges tab and enter data as shown below. Note that the Stress limit ranges are defined
over the entire length of the precast beam, including the projections of the beam past the centerline of bearing which

were entered on the Span detail tab of this window.

™ Beam Details = o ps
|
Span detail Stress limit ranges Slab interface Web end block Bearing Detail

Start End

ol Name distance Le(”ﬂg]th distance
(f) (ft)

> 1 * | 6.5 ksi Concrete Stress Limit 0 121 121

Duplicate Delete
QK Apply Cancel

Last Modified: 7/29/2025 27



PS1 — Simple Span Prestressed I Beam Example

Navigate to the Slab interface tab and enter data as shown below.

& Beam Details - [} s

Span detail Stress limit ranges Slab interface Web end block

Interface type: Intentionally Roughened ~~
Default interface width to beam widths:

Interface width:

Cohesion factor: 0.1 ksi
Friction factor: 1

K1: 0.3

K2: 1.8 ksi

Apply Cancel

Click OK to apply the data. The following window shows up. Click Yes to continue. This applies the data in the Beam

Details window and closes it.

Bridge Design & Rating *
Beamn Shape has changed for Span 1.
Repopulate the Mild Steel Layout for Span 1 with Mild Steel data from the
new shape?
Yes Mo
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Strand Layout

Expand the tree under Strand Layout and open the Span 1 window. Use the Zoom buttons on the right side of this

window to shrink/expand the schematic of the beam shape so that the entire beam is visible.

Select the Description type as Strands in rows and the Strand configuration type as Harped. The Mid span radio

button will now become active. Strands can now be defined at the middle of the span by selecting strands in the right

hand schematic. Select the bottom 44 strands in the schematic so that the CG of the strands is 5.82 inches and click

the Apply button.

Dy Strand Layout - Span 1

Description type

Pand CGS only (@ Strands in rows

Strand configuration type ] Symmetry
Straight/Debonded
®) Harped

Harped and straight debonded

® Mid span

Harp point locations
Left end

Richt end Harp Distance Radius
. point () {in)
4 Left 0.00 0.0000
Right 0.00 0.0000
0K | ‘ Apply | | Cancel

B raQe B =00

]

Last Modified: 7/29/2025

29



PS1 — Simple Span Prestressed I Beam Example

Now select the Left end radio button to enter the following harped strand locations at the left end of the precast beam.
Place the cursor in the schematic view on the right side of the screen. The strands can be defined at the left end of the
span by selecting strand locations in the right hand schematic. Select the top 10 strand locations in the schematic so

that the CG of the strands is 18.09 inches. Also enter the Left and Right Harp point distances as shown below:

™ Strand Layout - Span 1 - m] *

‘B ke B [0m [v

Description type

Pand CGS only @ Strands in rows

Strand configuration type

v Symmetry [ .o J
Straight/Debonded — :: -
Nes
®! Harped .

Harped and straight debonded

Mid span
Harp peint locations
® Leftend
Bioht end Harp Distance Radius
S peint (ft) (im)
L Left 4850 0.0000
Right 4850 0.0000

OK || Apply || Cancel

Click OK to apply the data and close the window.
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Deck Profile

Next open the Deck Profile window by double-clicking the Deck Profile node in the Bridge Workspace tree and

enter the data describing the structural properties of the deck. The window is shown below.

D Deck Profile = [m} X

Type: PS Precast |

Deck concrete Reinforcement
Start effective  End effective | Start effective | End effective
Start End Structural X Ny N
Material Support distance Length distance | thickness flange width = flange width | flange width | flange width
number ) (ft) ) i) (Std) (Std) (LRFD) ({LRFD)
" {in) {in) (in) (in)
» Deck Concrete ~ |1 v 4] 120 120 75 90 90 %0 90

Compute from New Duplicate Delets

CK Apply Cancel

No reinforcement is described. Click OK to apply the data and close the window.
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Haunch Profile

The haunch profile is defined by double-clicking on the Haunch Profile node in the Bridge Workspace tree. Enter

data as shown below and Click OK to apply the data and close the window.

D PS Haunch Profile O *
bl W2
z lﬁ
ZL_J 4
End . . .
Support . Length . 1 z2 Z3 Z4 Y1 Y2 Y3
e d's{:;ce e d's{:)”ce ) {in) ) ) {in) {in) )
¥ e 0 120 120 0 0.5 0.5 0
Duplicate Delete
0K Apply Cancel
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Shear Reinforcement Ranges

Double-click on the Shear Reinforcement Ranges node in the Bridge Workspace tree to open the PS Shear
Reinforcement Ranges window. The shear reinforcement ranges are entered as described below. The vertical shear
reinforcement is defined as extending into the deck on the Vertical tab of this window. This indicates composite
action between the beam and the deck. Data does not have to be entered on the Horizontal tab to indicate composite

action since that has been defined by extending the vertical bars into the deck.

D PS Shear Reinforcement Ranges = O *
‘ Start Distance ol 20ACING,,
Vertical Horizonta
Span: 1 e
Extends Start . End
MName into distance Nlematlzrst Sp{c';:)ng Ler."f?,th distance
deck () - o ()
» 24 shear reinf 05 1 0 0 0.5
24 shear reinf 05 120 12 1200 1205
Stirrup wizard... Stirrup design tool.. View calcs New Duplicate Delete
OK Apply Cancel

Click OK to apply the data and close the window.
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Live Load Distribution

To compute the LRFD live load distribution factors, the interior girder adjacent to exterior girder must be defined.
BrDR uses the beam shape assigned to this member alternative and the beam shapes assigned to the adjacent member
alternatives to compute the distribution factors. If the Compute from typical section... button is used on this window
without the adjacent girder defined, BrDR will throw a warning message indicating that since beam shapes are not
assigned to adjacent member alternative, BrDR cannot calculate the distribution factors. In this case, the factors will
have to be manually entered. For this example, copy the Precast I Beam member alternative of member G1 and paste

to G2 as a member alternative.
r

ﬂ Bridge Workspace - PS Training Bridge1 ANALYSIS REPORTS ? = O X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

o 3 - L —
Validate Save Close Export Refresh Open Duplicate Delete Schematic
Bridge Manage
Workspace £ X Schematic s XK -2 X

Bridge Components (?3 Expand Branch

=t bpf Lairder System t? Collapse Branch
j Impact/Dynamic Load Allowance - Open
- 2 oad Case Description = P
ZF Framing Plan Detail LV Copy |
[ Bracing Deterioration ] Duplicate
- BSC Bracing Spec Check Selection ¥ Delete
%’S‘[ructure Typical Section ™A Analyze
----- = Superstructure Loads " :
] - @ Concrete Stress Limits [e] Validate
- [ Prestress Properties [® Vview Summary Report
. E?Shear Reinforcement Definitions 1@ View Detailed Report

=t ) MEMBERS v Schematic & X

I jjr Member Loads *# Export to PS Design Tool

- "% Supports w54 General Preferences

[= & MEMBER ALTERNATIVES Ed Close Bridge Workspace
- I Precast | Beam Alternative (E) (Cy

IG2

- e Member Loads

- "% Supports

----- &) MEMBER ALTERNATIVES

IG3

IG4

IGs

- I Gé

- [ BRIDGE ALTERNATIVES
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r
H Bridge Workspace - PS Training Bridge1 ANALYSIS REPORTS

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

M de < ]

Save Close Export Refresh New

Bridge Manage

Workspace X Schematic

Bridge Components
= brrf Lirder System a

:]i Impact/Dynamic Load Allowance

- 2 Load Case Description

- &F Framing Plan Detail
@' Bracing Deterioration

- BSC Bracing Spec Check Selection

. ﬁ Structure Typical Section
""" = Superstructure Loads
a Concrete Stress Limits
a Prestress Properties
a Shear Reinforcement Definitions
) MEMBERS
I G1 Analysis
~ e Member Loads
- "% Supports
[= & MEMBER ALTERNATIVES

-‘ I Precast | Beam Alternative (E) (C)
IG
g Member Loads
- g% Supports
----- MEMBER ALTERNATIVES
IGs3 New
IG4 |
- IG5
- I G6
- [ BRIDGE ALTERNATIVES

Paste |

Analyze

View Summary Report

bl o Blfce

View Detailed Report

General Preferences

Be

Close Bridge Workspace
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r

H Bridge Workspace - PS Training Bridge1

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW

Save Close Export
Bridge
Workspace =

Bridge Components

- b Girder System
_]‘- Impact/Dynamic Load Allowance
- 2% Load Case Description
- &&F Framing Plan Detail
a Bracing Deterioration
- BSC Bracing Spec Check Selection
----- ﬁ Structure Typical Section
+ Superstructure Loads
" a Concrete Stress Limits
: 6 Prestress Properties
- @ Shear Reinforcement Definitions
) MEMBERS N\
IG1
e Member Loads
- "% Supports
= &3 MEMBER ALTERNATIVES
I Precast | Beam Alternative (E) (C)
Iae
- 4 Member Loads
- Supports
(= ) MEMBER ALTERNATIVES

\ - I Precast | Beam Alternative (E) (Cy

S N CET
® I G4
#- I G5
= IG6
- [ BRIDGE ALTERNATIVES
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Double click on the Live Load Distribution node in the Bridge Workspace tree for member G1 to open the Live

Load Distribution window.

[ ﬂ Bridge Workspace - PS Training Bridge1 ANALYSIS REPORTS ? = O X
BRIDGE WORKSPACE ~ WORKSPACE ~ TOOLS  VIEW  HELP  DESIGN/RATE  REPORTING

A o & (I

Save Close Export Refresh Open Copy

Bridge Manage

Workspace X Schematic e X & X

Bridge Components
e SNEdD REMTOICEMmENL LeEnniuun:s s

- &) MEMBERS
= I 61
~ <4 Member Loads
- "% Supports
- &) MEMBER ALTERNATIVES
El- I Precast | Beam Alternative (E) (C)
""" &1 Default Materials
j Impact/Dynamic Load Allowance
""" lﬁ Beam Details
{E‘ Shrinkage Time
s Effective Supports
= &3 Mild Steel Layout Analysis & X
i L 000 Span 1
- ﬁStrand Layout
- 1 Deck Profile
""" =1 Haunch Profile
-2 Shear Reinforcement Ranges
&k Live Load Distribution
ﬁ Foints of Interest

{1}
il

IG2
- 242 Member Loads
- "% Supports
-~ &) MEMBER ALTERNATIVES
- I Precast | Beam Alternative (E) (C)
IG:
1G4
IGs

- -

Eal

FE I
L=

T
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Navigate to the LRFD tab of this window. Click the Compute from typical section . . . button to compute the LRFD

live load distribution factors.

@ Live Load Distribution — O >

Standard LRFD

Distribution factor input method

o Use simplified method Use advanced method

Allow distribution factors to be used to compute effects of permit loads with routine traffic

Action: Deflection v Sufficiently connected to act as a unit
S . Distribution factor
Support distance Length = End distance (lanes)
number (ft) (ft)
ft) 1 lane Multi-lane

Compute from View calcs New Duplicate Delete

typical section...

oK Apply Cancel
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The LRFD Distribution Factor Progress window opens as shown below.

M LRFD Distribution Factor Progress

Info: Generating model domain for line girder analysis..

Info: Finished generating model domain for line girder analysis..

Info: Computing contraflexure ranges for Stage 3 Span Model...

FEA - Beam Contraflexure Ranges - Initiating finite element analysis...

FEA - Beam Contraflexure Ranges - Building model...

FEA - Beam Contraflexure Ranges - Creating nodes...

FEA - Beam Contraflexure Ranges - Creating elements...

FEA - Beam Contraflexure Ranges - Creating support constraints...

FEA - Beam Contraflexure Ranges - Adding load cases...

FEA - Beam Contraflexure Ranges - Verifying finite element model...

FEA - Beam Contraflexure Ranges - Preparing linear solution...

FEA - Beam Contraflexure Ranges - Performing linear solution...

FEA - Beam Contraflexure Ranges - Successful finite element analysis...
Info: Finished computing contraflexure ranges for Stage 3 Span Model...
Info: Processing live load distribution factor ranges for Stage 5 Span Model...
Info: Computing LRFD live load distribution factors...

Info: Finished computing LRFD live load distribution factors...

Info: Finished processing live load distribution factor ranges for Stage 3 Span Model...
Info: LRFD distribution factor computation analysis successfully completed!
Analysis completed!

Print

| [ o
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Once the analysis is complete, click OK to close this window. The Live Load Distribution window is now populated
with the distribution factors. Uncheck the Allow distribution factors to be used to compute effects of permit loads
with routine traffic checkbox and click OK to apply these factors and close the window. If these are left blank, BrDR

will compute them during the analysis runtime.

¢ Live Load Distribution — O x

Standard LRFD

Distribution factor input methed

o Use simplified method Use advanced method

[ C] Allow distribution factors to be used to compute effects of permit loads with routine traffic

Action: Deflection Sufficiently connected to act as a unit
Start Distribution factor
Support . Length  End distance (lanes)
distance
number () (ft)
{ft) 1 lane Multi-lane
1 ~ 0 120 120 0.2 04333333

Compute from

typical section... View calcs New Duplicate Delete

OK Apply Cancel

The description of an exterior beam for this structure definition is complete.
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LRFR Analysis

The member alternative for girder G1 can now be analyzed. To perform an LRFR rating, select the Analysis Settings

button on the Analysis group of the DESIGN/RATE ribbon.

-

H Bridge Workspace - PS Training Bridge1 ANALYSIS REPORTS ? = (] X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

SN g

Analysis Engine
Events Outputs

cee
111

Analysis Results

Click the Open template button.

& Analysis Settings - O E4

Design review o Rating Rating method: LFR v

Analysis type: Line Girder i

Lane / Impact loading type: As Requested v Apply preference setting: None ~
Vehicles QOutput Engine Description

Traffic direction: Both directions ~ Refresh Temporary vehicles Advanced
Vehicle selection Vehicle summary

- Vehicles E}--Rating vehicles
= Standard ~Inventory
- Alternate Military Loading ~QOperating
--EV2 ~Legal operating
EV3 Permit inventory
--H 15-44 ~—Permit operating
--H 20-44 Add to
-~HS 15-44
-~HS 20 (S1)
-~HS 20-44

SuUs
Remove from

<<

- Agency
-User defined
-~ Temporary

Reset Clear Open template Save template oK Apply Cancel

Select the LRFR Design Load Rating to be used in the rating and click Open.
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& Open Template

Delete

Templates Description Analysis Owner Public / Private
HL 93 Design Review HL 93 Design Review LRFD Public
HS 20 LFR Rating HS 20 LFR Rating LFR Public
[ > |LRFR Design Load Rating LRFR Design Load Rating | LRFR Public
LRFR Legal Load Rating LRFR Legal Load Rating LRFR Public

The Analysis Settings window will be populated as shown below.

& Analysis Settings

Design review o Rating

Analysis type: Line Girder

Vehicles Output Engine

Traffic direction: Both directions
Vehicle selection

- Vehicles
= Standard

HL-93 (Sh
HL-93 (US)
HS 15-44
HS 20 (SI)
HS 20-44
Lane-Type Legal Load
LRFD Fatigue Truck (SI)
ILRFD Fatigue Truck (US)
FNRL
H-SU4
H-SUS
-SUe
F-SU7
[~ Type 3
- Type 3-3
-~ Type 352
- Agency
- User defined
~-Tempaorary

Reset Clear

Open template

Description

Add to !

Rating method: LRFR

Apply preference setting: None

Refresh Temporary vehicles

Vehicle summary

B Rating vehicles
EHLRFR
-Design load rating
-Inventary
'--HL-93 (US)
Operating
HL-93 (US)
Fatigue

o "LRFD Fatigue Truck (US)

Legal load rating
Routine
Specialized hauling

~Permit load rating

Remove from

Save template

<<

oK

Apply

Advanced

Cancel

Click OK to apply the data and close the window.

Last Modified: 7/29/2025

42




PS1 — Simple Span Prestressed I Beam Example

Tabular Results
With member alternative Precast I Beam Alternative for member G1 selected, click the Analyze button on the

Analysis group of the DESIGN/RATE ribbon to perform the rating.

ﬂ Bridge Workspace - PS Training Bridge1 ANALYSIS REPORTS ? = a X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

- a—
Analysis | Analyze |Analysis Engine
Settings Events Outputs
Analysis Results

When the rating is finished results can be reviewed by clicking the Tabular Results button on the Results group of
the ribbon.

ﬂ Bridge Workspace - PS Training Bridge1 ANALYSIS REPORTS ? = m} X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

% - B— 4 ey [
= &8 o < H
Analysis Analyze Analysis | Tabular [Specification Engine Results Save
Settings Events | Results |Check Detail QOutputs Graph Resulis

Analysis Results

The window shown below will open. Select Rating Results Summary as the Report Type and Single rating level

per row as the Display Format option to have the ratings arranged as shown below.

r — - . _— . -
& Analysis Results - Precast | Beam Alternative - [m] X
—
=l
‘ Print
| Print
| Report type: Lane/lmpact loading type Display Format
Rating Results Summary ~ o As requested Detailed Single rating level per row ~
. Live Load N Rating Load Rating 5 Location Location e
Live Load T Rating Method Level (Ton) Rating Factor ) Span-(%) Limit State Impact Lane
HL-93 (US) Truck + Lane LRFR | Inventory 4244 1179 ©0.00| 1-(50.0) SERVICE-III PS Tensile Stress | As Requested | As Requested
HL-93 (US) Truck + Lane LRFR | Operating 62.30 1.731 60.00 1-(50.0) STRENGTH-I Concrete Flexure = As Requested = As Regquested
HL-93 (US) Tandem + Lane LRFR | Inventory 5032 1.398 60.00| 1-(50.0) SERVICE-III PS Tensile Stress | As Requested | As Requested
HL-93 (US) Tandem + Lane LRFR | Operating 73.86 2.052 60.00| 1-(50.0) STRENGTH-I Concrete Flexure | As Requested As Requested

|
| AASHTO LRFR Engine Version 7.6.1.3001

Analysis preference setting: None

Close
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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, enter the Analysis Settings window as shown below or select the HL 93 Design Review template

from the Open Template button as shown in the previous section.:

M Analysis Settings - O *
o Design review Rating Design method: LRFD e
Analysis type: Line Girder e
Lane / Impact loading type: As Requested ~ Apply preference setting: None v
Output Engine Description
Traffic direction: Both directions ~ Refresh Temporary vehicles Advanced
Vehicle selection Vehicle summary
15 Vehicles =] Design vehicles
[=Standard -Design loads
-~ Alternate Military Loading LHL-03 (us)
-EV2 - Permit loads
- EV3 -Fatigue loads
HL-93 (Sl) " LRFD Fatigue Truck (US)
-~HL-93 (US) Add to
-~HS 20 (SI)
-~HS 20-44
LRFD Fatigue Truck (SI)
~-LRFD Fatigue Truck (US)
""'AQEHC},-'
--User defined Re ;
..... Temporary move from
<<
Reset Clear Open template Save template OK Apply Cancel
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Analysis Settings - Output

Navigate to the Output tab and enter the Analysis Settings as shown below.

& Analysis Settings - O x
o Design review Rating Design method: LRFD v
Analysis type: Line Girder ~
Lane / Impact loading type: As Requested ~ Apply preference setting: None ~

Vehicles Qutput Engine Description

Tabular results AASHTO engine reports

Dead load action report [ Miscellaneous reports:

Live load action report Girder properties

Concrete limit state summary report Summary influence line loading
Detailed influence line loading
n Capacity summary
Capacity detailed computations
n FE model for DL analysis

n FE model for LL analysis

LRFD critical loads report

LRFD specification check report
PS concrete stress report

RC service stress report

Steel limit state summary report
LL influence lines FE model

LL influence lines FE actions
LL distrib. factor computations

n LL distrib. factor summary
Regression data

n Camber

a Fatigue stress ranges

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

Select all Clear all Select all Clear all

Reset Clear Cpen template Save template oK Apply Cancel

Engine Outputs
Next with member alternative Precast I Beam Alternative for member G1 selected click the Analyze button on the

Analysis group of the DESIGN/RATE ribbon to perform the design review.

r

H Bridge Workspace - PS Training Bridge1 ANALYSIS REPCRTS ? = O X
BRIDGE WORKSPACE WORKSPACE TCOLS VIEW HELP DESIGN/RATE REPCRTING

Gl |EH B 5 »~xH

Analysis | Analyze |Analysis = Tabular Specification Engine Results Save
Settings Events | Results Check Detail Outputs Graph Results

Analysis Results
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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.

ﬂ Bridge Workspace - PS Training Bridge1 ANALYSIS REPORTS ? — a X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING
% 5 ] 7 ]
A= &= B o5 H,

Analysis Analyze Analysis = Tabular Specification | Engine |Results Save
Settings Events = Results Check Detail [Outputs | Graph Results

|

Analysis Results

% PS Training Bridge - O X

[1-PS Training BridgeT
= Girder System
=-G1
E-Precast | Beam Alternative

EH-AASHTO_LRFD
~Stage 3 Infl Lines Span Model
~-Stage 3 Spec Check Results (Saturday Jul. 12, 2025 12:26:38)
~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
[#-Details
[#AASHTO_LRFR

To view the LRFD spec check results (shown below), double click on the Stage 3 Spec Check Results under the
AASHTO_LRFD branch in this window.
The following file opens.

4 Stage 3 Spec Check Results - a X
Bridge ID : PS Training Bridgel NBI Structure ID : PS Tr.Bridgel A
Bridge : PS1 Training Bridge Bridge Alt :

1 Superstructure Def : Girder System
| Member : G1 Member Alt : Precast I Beam Alternative

Analysis Preference Setting :

AASHTO LRFD Specification. Edition 10. Interim 0

Specification Check Summary

Article Status
Initial Stress at Transfer (5.9.2.3.1a, 5.9.2.3.1b) Pass
Splitting Resistance in Anchorage Zones (5.9.4.4.1) | Pass
Final Stress due to Permanent and Transient Loads

(5.9.2.3.22, 5.9.2.3.2b) Pass
Flexure (5.6.3.2, 5.6.3.3) Pass

Shear (5.7.3.3,5.7.2.5,5.7.2.6, 5.7.3.5) Pass
Deflection (5.6.3.5.2, 2.5.2.6.2) Pass

Initial Compression Stress At Transfer of Prestress

Allowable Actual Stress Top of = Actual Stress Bot of

Location Design

" S e R M |
0.000 -3.575 -0.024 -0.638 5.605 Pass

2.000 -3.575 -0.151 -3.156 1.133 Pass

6.307 -3.575 -0.205 -3.100 1.153 Pass

12.000 -3.575 -0.276 -3.027 1.181 Pass v
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HLP1 - Help Features

Topics Covered

This topic describes the various help features and training available in BrDR.

e  Online Help
e Engine Related Help
e Limitations Help Topic

e Training Aids

Online Help

There are many different online help files available in BrDR. To access BrDR help, open BrDR, click on the Help
tab from the Bridge Explorer tabs.

u AASHTOWare Bridge Design and Rating 3 - ] X

BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW
1
S A o
00H = 2 =

Help FAQ Support | Engine  Support Technical Tuterials Confluence Website
Help | Center Notes

Help Cnline
17 Favorites Folder |
g i:c;r?;Br\dges s Bridge ID Bridge Name District Co
: ricdges
?SampleBridges N : - . L . . I Al &
\.. @ Deleted Brdges > 1 Tra."!ngBr!dgE‘I Tra.”!ng .r!dga II:LRFD:I District 11 01 Abt

2 TrainingBridge2 Training Bridge 2{LRFL}) Unknown  Unkno
3 TrainingBridge3 Training Bridge 3{LRFI) District 11 01 Abt
4 PClTrainingBridge1 PCI TrainingBridge1{LFR)
5 PClMTrainingBridge2 PCITrainingBridge2(LRFD)
6 PClTrainingBridge3 PCI TrainingBridge3{LFR)
7 PClTrainingBridge4 PClTrainingBridge4(LRFD)
8 PClTrainingBridge5 PCl TrainingBridge5(LFR)
9 PClTrainingBridget PClTrainingBridge&(LRFD)

10 Example? Example 7 PS (LFR}

11 RCTrainingBridgel RC Training Bridge1(LFR)

12 TimberTrainingBridge Timber Tr. Bridge1 (ASR)

13 FSys GFS TrainingBridge1 FloorSystermn GFS Training Bridge 1 District 6 | 15 Col

o 14 FRws FS TraininnRridns2 FlanrSuctemn FS Traininn Bridne 2 Dictrirt 11 1333 f\.( v
Total Bridge Count 32

e Selecting Help from the menu opens the AASHTOWare BrDR Help file where the Contents, the Index
and Search for specific words can be viewed and searched.

e Selecting FAQ from the menu opens the AASHTOWare BrDR FAQ Help file containing Basic,
Technical and Non-Technical frequently asked questions about BrDR.

e  Selecting Support from the menu opens the Support page of AASHTOWare BrDR Help with technical
support information and license support options.

e Selecting Engine Help opens the Engine Help window, where the desired AASHTO engine can be chosen
and detailed Engine Related Help and Method of Solution documentation can be accessed. This window

also allows users to set the selected AASHTO engine as the main engine help.
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HLP1 - Help Features

Selecting Support Center opens the AASHTOWare Bridge Design and Rating support site, where users
can access comprehensive support resources, submit support requests, and find solutions to technical issues
related to BrDR.

Selecting Technical Notes opens the technical notes site, where users can access detailed documentation
and updates related to BrDR.

Selecting Tutorials opens the BrDR Tutorials site, where users can find step-by-step guides and
instructional materials to aid in effectively using BrDR features.

Selecting Confluence opens the Confluence site, where users can access a wide range of Confluence

articles related to Bridge Rating and Design.

Selecting Website opens the official AASHTOWare Bridge Design and Rating website, where users can

find comprehensive information, updates, and resources related to BrDR.

Online, context-sensitive help is available in each window of BrDR by clicking the F1 button while the window is

open. This will open the BrDR help topic for that window.

Engine-Related Help

BrDR has been designed to enter data describing the physical characteristics of a bridge irrespective of the analysis

engine that will be used to analyze the bridge. Therefore, there may be some data in BrDR that may not be used by

a particular analysis engine. Each BrDR help topic contains a link to Engine Related Help that helps determine

which data is not used by the configured engine.

Engine Related help can be configured from the Bridge Workspace for a selected bridge. The steps to configure

Engine related help are as follows:

1.

Click the Engine Help button under the Help tab in the Bridge Workspace ribbon.

-
ﬂ Bridge Workspace - TrainingBridge1 ANALYSIS REPORTS ? — ] X

BRIDGE WORKSPACE WORKSPACE  TOOLS  VIEW | HELP | DESIGN/RATE  REPORTING
-
O
OO0 H =E 2 =

Help FAQ Support |Engine | Support Technical Tutorials Confluence Website
Help Center  Motes

Help Cnline
Workspace X e X X

Bridge Companents

= M TrainingBridge1 ‘

B [ Components
- [ Diaphragm Definitions

- [ Lateral Bracing Definitions
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2. For this bridge, select the relevant engine help to access during this session from the Engine Help menu.
The selected Engine Help and its Method of Solution populate on the Engine Help Configuration menu

on the right side, as shown below:

BB engine Help = O *

Engine help Engine help configuration

AASHTO ASR Engine Help

AASHTO Culvert LFR Method of Sclution

AASHTO Culvert LRFD
AASHTO Culvert LRFR
AASHTO LFR

I AASHTO LRFD \

AASHTO LRFD Substructure (BrD)

4 [ d

Set as main engine help Open help Close

3. Click on the Set As Main Engine Help button to set the above selected engine help as the Default Engine

Help as shown below:

& Engine Help = m] X
Engine help Engine help configuration

AASHTO ASR Engine Help
AASHTO Culvert LFR Method of Solution
AASHTO Culvert LRFD
AASHTO Culvert LRFR
AASHTO LFR

I AASHTO LRFD

AASHTO LRFD Substructure (BrD)

- >

I Set as main engine help COpen help Close
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4. The engine help has been configured and can be accessed from any help topic that contains an Engine
Related Help link. For example, the BrDR help for Bridge Materials — Reinforcing Steel contains a link

to its respective Engine Related Help as shown below:

[ AASHTOWare BrDR - Help - m] x
Hide Print  Options
Contents | Index | Search | Bridge Materials - Reinforcing Steel

Getting Started
- Windows

This window allows you to enter material properties for reinforcing steel. The reinforcing
steel can be used in the deck, in reinforced concrete beams, or in other reinforced concrete
members. You can also copy material properties from the library. Enter the required
information and click the OK button.

Engine Related Help

Name
Enter the name assigned to the reinforcing steel.

5. Clicking on the Engine Related Help link redirects to the AASHTO LRFD Engine help for Bridge

Materials — Reinforcing Steel as shown below:

[ AASHTOWare BrDR - Help - O X

o e & &

Hide Back Print  Options

Cortents | ipge | Search | Bridge Materials - Reinforcing Steel (AASHTO LRFD/LRFR)

Getting Started o
- Windows Description
Not used by AASHTO LRFD/LRFR.
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Limitations Help Topic

The Limitations help topic, available in BrDR Help, merits special attention. This topic should be reviewed to
determine if BrDR supports a particular type of bridge. An Engine Related Help link is also available to describe

any analysis engine limitations.

A portion of the BrDR Limitations help topic is shown below:

[ AASHTOWare BrDR - Help - O *

T - & O

Hide Back Prit  QOptions

Contents l Index l Search ] Limitations ~
-]} Getting Started
..... 2] Disclaimer Engine Related Help
----- B Lt
----- 2] Getting Started BrD&/BrR® has the following limitations:
2] General Bridge Description . . .
..... 2] Entering a New Bridge Description +  Maximum number of spans in a superstructure definition is 200.
..... 2] Description of User Interface +  Maximum number of stringer and floorbeam spans in a floor line or floor system
- [2] Wizards definition is 200.
----- 2] Prestressed Member Modeling Mett +  Maximum number of girders in a girder system or floor system superstructure
..... 2] Database Overview definition is 200.
- [2] Database Information +  Minimum number of girders in a girder system or floor system superstructure
----- 2] System of Units definition is 2.
""" ] |ml3°ftf“9 a BARS Input File +  The number of girders in a girder system or floor system superstructure definition
""" [2] Importing a BAR7 Input File must be the same for each span of the superstructure definition.
- [2] Importing a BRASS Input File +  Maximum number of stringers in a floor system superstructure definition is 200.

----- E Glossary of Terms Used in BrDR
----- ﬂ Floor System Superstructures in Brl
----- E Distribution Factor Analysis

[]--@ Windows

Minimum number of stringers in a floor systemn superstructure definition is 2.

Maximum number of stringer units in a floor system superstructure definition is
200.

The number of stringers in a floor system superstructure definition must be the
same for each span of the superstructure definition.

Concrete deck rating is not performed.

BrD/BrR currently supports the following types of superstructures, substructures,

Training Aids
The BrDR Technical Support website contains example problems that can be used as self-study guides for new

users. The BrDR Technical Support website address is
https://aashtowarebrdr.org/bridge-rating-and-design/support/

The Training section of this website

https://aashtowarebrdr.org/bridge-rating-and-design/training/

contains approximately 150 example problems for various activities such as entering different bridge and girder

types, importing/exporting, rating, etc.
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10:00 AM -11:00 AM
1. LRFD 10™ Edition Spec Update — Lateral Torsional Buckling

11:00 AM - 12:00 PM
1. MBE 2024 Spec Interim Update — Truss Gusset Plate

2. MBE 2024 Spec Interim Update — Permit Rating

3. Steel Diaphragm Connection with Axial Rigidity Coefficient
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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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STL16 - LRFD 10th Edition Spec Update — Lateral Torsional Buckling Example

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

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

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
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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.

Last Modified: 7/13/2025 9
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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.

Last Modified: 7/13/2025
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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)

Last Modified: 7/13/2025 11
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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

Last Modified: 7/13/2025 12
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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




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

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

Last Modified: 7/13/2025 14
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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

Last Modified: 7/13/2025 15



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

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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TPG1-Truss Gusset Plate Example

BrDR Tutorial

Topics Covered

e  Gusset plate LRFR factors and LFR factors

e  Enter a gusset plate definition

e Assign a gusset plate definition at a panel point

e  Perform truss rating with gusset plates and review the results

e  Using Manual for Bridge Evaluation, 3™ Edition with 2024 interims

e Using AASHTO LRFD Bridge Design Specifications, 10" Edition

Gusset plate LRFR factors and LFR factors
Start BrDR and open the Library from the VIEW ribbon as shown below.

u AASHTCOWare Bridge Design and Rating

]
|
O
*

ERIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW HELP

.

(31

= T} select Al

Fis N ‘Lh |

v vz =

Refresh &} Select None Sort  Select
i Invert Selection By~ Columns

US Customary

Library |Configuration

Bridge Explorer View

Select the LRFR node under Factors to view all the Standard LRFR factors as shown below.

n AASHTOWare Bridge Design and Rating ? - o X

BRIDGE EXPLORER HELP LIBRARY

L] [

Mew Close
Manage
5. a
o £ Appurtenances Library Name Description
[ Generic SLAIIGEI | UG AT LI I SPTCIAUS | UG ASCTET LIS SIS, TSy e e |
g g”ed'a" Standard | 2011 AASHTO LRFR Specifications | 2011 AASHTO LRFR Specifications
'arapet
g ] Railing Standard | 2013 Interims AASHTO LRFR Culv... | Includes only the culvert factors as approved by the...
B3 Connectors Standard | 2011 (2013 Interim) AASHTO LRF... | AASHTC Manual for Bridge Evaluation, 2nd Editicn, i...
Bolt
rg N:\I Standard | 2011 (2014 Interim) AASHTO LRF... | AASHTC Manual for Bridge Evaluation, 2nd Edition, i...
= @ Corrugated Metal Panel Standard | 2011 (2015 Interim) AASHTO LRF... | AASHTC Manual for Bridge Evaluation, 2nd Edition, i...
BB Eﬂors Standard | 2011 (2016 Interim) AASHTO LRF... | AASHTC Manual for Bridge Evaluation, 2nd Editicn, i...
B LFR
- LRFD Standard | 2018 AASHTO LRFR Specifications | AASHTC Manual for Bridge Evaluation, 3rd Edition 2...
(&3 LRFR Standard | 2018 (2020 Interim) AASHTO LRF... | AASHTC Manual for Bridge Evaluation, 3rd Edition, i..
LRFD DF Applicability R,
g LRFD 50t fp ':a "[?' .ang:sﬂ_ Standard | 2018 (2022 Interim) AASHTO LRF... | AASHTO Manual for Bridge Evaluation, 3rd Edition, i..
" ubstruciure Lesign settings
BB Materials Standerd | 2018 (2024 Interim) AASHTO LRF... | AASHTO Manual for Bridge Evaluation, 3rd Edition, i |
Alumi
g . "m'::‘m 2018 (2024 Interim) AASHTO LRFR Spec.
] oncrete
@ Prestress Bar
@ Prestress Strand
Y Dminfmerin e Camnl v

Double click on the 2018 (2024 interim) AASHTO LRFR Spec. to open the following window and select the Steel
tab. The gusset plate LRFR resistance factors are listed at the bottom of the table.
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BRIDGE EXPLORER HELP

L] %y &=

Mew Duplicate Open

Manage

LIBRARY

x|

Close

B [ Appurtenances
@ Generic
[ Median
- [ Parapet
- [ Railing
&+ [ Connectors
- Bolt
B Nail
=) Corrugated Metal Panel
- B Factors
@ LFR
~ [ LRFD
& LRFR
- LRFD DF Applicability Ranges

- 5 Materials

@ Aluminum

[ Concrete

—[E Prestress Bar

@ Prestress Strand
-2 Reinforcing Steel

- [ Soil

@ Structural Steel

- Timber

- [ Wearing Surface
@ Weld

@ Metal Box Culvert

& [ Metal Pipe Culvert
-2 Corrugated Metal Pipe
[ Spiral Rib Metal Pipe
[ Structural Plate Pipe
[} [53 Prestress Shapes

[ Box Beams

[ @ | Beams

@ Tee Beams

[ U Beams

Last Modified: 7/13/2025

- LRFD Substructure Design Settings

AASHTCWare Bridge Design and Rating

-3

1 Library MName Description
Standard | 2011 (2014 Interim) AASHTO LRF... | AASHTO Manual for Bridge Evaluation, 2nd Edition, i...
Standard | 2011 (2015 Interim) AASHTO LRF... | AASHTO Manual for Bridge Evaluation, 2nd Edition, i...
Standard | 2011 (2016 Interim) AASHTO LRF... | AASHTO Manual for Bridge Evaluation, 2nd Edition, i...
Standard | 2018 AASHTO LRFR Specifications | AASHTO Manual for Bridge Evaluation, 3rd Edition 2...
Standard | 2018 (2020 Interim) AASHTO LRF... | AASHTO Manual for Bridge Evaluation, 3rd Edition, i...
Standard | 2018 (2022 Interim) AASHTO LRF... | AASHTO Manual for Bridge Evaluation, 3rd Edition, i...
» | Standard | 2018 (2024 Interim) AASHTO LRF... | AASHTO Manual for Bridge Evaluation, 3rd Edition, i...
Factors: LRFR: 2018 (2024 Interim) AASHTO LRFR Spec.

Weld metal - partial penetraticn: shear par... 0.800

Weld metal - partial penetration: tension n... 0.800

Weld metal - fillet welds: shear in throat of... 0.800

Axial compression: built-up section 0.900

Axial compression: built-up section without... 0.950

( Gusset plate: compression 0.95“

Gusset plate: basic corner check 1.000

Gusset plate: chord splice 0.850

Gusset plate: shear yielding 1.000

Gusset plate: block shear rupture 1.000

Gusset plate: shear fracture 0.800

Fasteners: bearing on material 0.800

\ Rivet: shear 0.&0&
v
2

Close
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Similarly, click on LFR to view the LFR standard factors. Double click on the 2002 AASHTO Std. Specifications
to open the following window and select the Resistance factors tab. The gusset plate LFR resistance factors are listed
in the table as shown below.

u AASHTOWare Bridge Design and Rating

-~
|
O
>

BRIDGE EXPLORER HELP LIBRARY

T L - —
S a
MNew Duplicate Open Close

Manage

EN=) Appurtenances

@ Generic
[ Median Standard | 1996 AASHTO Std. Specifications AASHTO Standard Specifications for Highway Bridge...

Library MName Description

[ Parapet Standard | 1996(2002 interim) AASHTO 5td. Spec AASHTO Standard Specifications for Highway Bridge...
----- [ Railing
BB Connectors

'ﬁ' Bal

»  Standard | 2002 AASHTO 5td. Specifications AASHTO Standard Specifications for Highway Bridge...

@c ted Metal Panel Factors: LFR: 2002 AASHTO Std. Specifications
orrugated Metal Panel

B Factors
~B LR Mame: 2002 AASHTO Std. Specifications
- LRFD

Library

- LRFD DF Applicability Ranges Description:
[ LRFD Substructure Design Settings
BB Materials

@ Aluminum Load factors Resistance factors Specifications
@ Concrete
@ Prestress Bar
@ Prestress Strand . Resistance
-2 Reinforcing Steel Resistance factor

g ;‘:"l roral Stea! Precast reinforced concrete culvert: shear 0.900 -
ructural Steel /f ———— — —

- Timber
[ Wearing Surface Gusset plate: black shear rupture 0.850

Strength reduction factors:

Gusset plate: shear yielding 1.0’00\

[ Metal Box Culvert Gusset plate: shear fracture 0.850

-5 Metal Pipe Culvert Gusset plate: compression 1.000
- Corrugated Metal Pipe
- Spiral Rib Metal Pipe

..... [ Structural Plate Pipe Tension: yielding in gross section 1.000
- [ Prestress Shapes Rivet: shear 0.200

[]--@ Box Beams j
[]--@ | Beams
[ Tee Beams Annular pipe with spot welded, riveted or bolted seam: wall area and buckling 1.000 -

Gusset plate: chord splice 1.000

Helical pipe with lock seam or fully welded seam: wall area and buckling 1.000

- [ Steel Shapes
-~ @ Angle Save Close
@ Channel

P v

Last Modified: 7/13/2025 3
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Enter gusset plate definition

From the Bridge Explorer, double click on BID 28 Gusset Plate Example to open this bridge. Expand Bolts

Superstructure definition and the Gusset Plate Definitions node in the Bridge Workspace tree as shown below.

Workspace X

Bridge Compaonents

B M Gusset Plate Example
B [ Companents
- [ Diaphragm Definitions
~ [ Lateral Bracing Definitions
= &) SUPERSTRUCTURE DEFINITIONS
kb Rivets
=k bfl Bolts
j Impact/Dynamic Load Allowance
- 4 Load Case Description
- ZF Framing Plan Detail
. m Structure Typical Section
- 2 Superstructure Loads
= & Gusset Plate Definitions
Igl Lo GP
[£2]L1 GP (L2 Mathcad)
[£2] L2 GP (L4 Mathcad)
[£2]un GP (U1 Matheadd)
[£2]uz GP (U3 Mathead)
@ U1 (fake dimensions)
@ U3 [fake dimensions)
----- @ chord splice L1 GP {L2 Mathcad)
EJ' Shear Connector Definitions
k- [ stiffener Definitions
- FML Flaorbeam Member Locations
- [ STRINGER GRCOUP DEFINITION GEQMETRY
- [ MEMBER DEFINITIONS
& &5 TRUSSES
| T Truss1
----- I Truss 2 (Truss 1)
- FS6 Floar System Geametry
El- &) BRIDGE ALTERNATIVES
E- M Bridge Alternate 1 (E) (C)

Last Modified: 7/13/2025 4



TPG1-Truss Gusset Plate Example

Gusset Plate Definition - Description

Double click on the L2 GP (L4 Mathcad) to open the Gusset Plate Definition window. Identical double gusset
plates is selected for this gusset plate definition and the Material and Dimensions are entered for the Left plate. Left
plate is the plate on the left side of the connection when looking stations ahead. Right plate is the plate on the right
side of the connection when looking stations ahead. If Different double gusset plates is selected, the right plate
details must be entered. If Identical double gusset plates is selected and Contains corrosion is checked, the right

plate details must be entered.

M Gusset Plate Definition = O X

Name: L2 GP (L4 Mathcad)

Plate compression - partial shear Chord splice Plate shear Load transfer Contrel options
Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic comer check
Description:

Plates

Condition factor:  Good or Satisfac
Single gusset plates
Contains corrosion
o Identical double gusset plates

Different double gusset plates

Dimensions

Field measured section properties

Left plate Right plate
Material: qusset plate 1969 -
As-built plate thickness: 0.23 in
Length: 225 in
Height: 12 in
ar:\::;:;rent oK Apply Cancel

Last Modified: 7/13/2025 5
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Gusset Plate Definition — Panel point
Navigate to the Panel point tab of this window. This tab specifies the arrangement of truss members present in the
gusset plate definition. Member 1,2,3,7 and 8 are present in this gusset plate definition. The truss member arrangement

will be validated when the Gusset Plate Definition is assigned to a Panel Point.

M Gusset Plate Definition - O X
MName: L2 GP (L4 Mathcad)
Plate compression - partial shear Chord splice Plate shear Load transfer Control options
Description Panel point Fasteners Plate tension Plate compression - whitmere section Plate compression - basic corner check
Present in
panel point?
> Member 1
Member 2 n
Member 3 n
Member 4
Member 5
Member 6
Member 7 n E
Member & a E
(/] gf
ICL
|Mamber 5
Member
arrangement Ok Apply Cancel

Last Modified: 7/13/2025 6
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Gusset Plate Definition — Fasteners
Navigate to the Fasteners tab of this window. Only truss members present in this definition are listed in the tables.

Same as left plate is checked specifying the fasteners information for the Right Plate is the same as the Left Plate.

M Gusset Plate Definition - O x
Name: L2 GP (L4 Mathcad)
Plate compression - partial shear Chord splice Plate shear Load transfer Control options
Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic comer check
Left plate
L W Le SLmin Af Ap .
Connector NL (i) NT (in) N total (in) {in) ([in*2) | (in"2) MShear = NSlip
? | Member 1 bolt user defined 3 5 1 1.87505 2.5 1
Member 2 | bolt user defined 3 T 1 264375 3.3 1
Member3 | bolt user defined 3 T 1 25 35 1
Member 7 | bolt user defined 3 T 1 25 3.5 1
Member 8 | bolt user defined 3 T 1 264375 3.5 1
Right plate
Same as left plate
L W Le SLmin Af Ap .
Connector NL ) NT (in) N total @l (in} {[in*2) | (inA2) NShear | NSlip
> Member1 w
Member 2 e
Member 3 w
Member 7 ~
Member & ~
Member
arrangement Ok Apply Cancel

Last Modified: 7/13/2025
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. CL Member i
I

NL = Number of fasteners in a row along the longitudinal axis of the truss member.

L = Length between extreme fasteners in a row along the longitudinal axis of the truss member.
NT = Number of fasteners in a row along the transverse axis of the truss member.

\% = Width between extreme fasteners in a row along the transverse axis of the truss member.

N Total = Total number of fasteners in the connection. Computed as NLxNT if left blank.

Le = Distance between center of last fastener and end of gusset plate measured in the direction of
the applied bearing force (along the longitudinal axis of the truss member).

SLmin =Minimum center-to-center spacing of fasteners along the longitudinal axis of the truss
member.

Af, Ap = Used to compute the fastener shear resistance reduction factor in MBE 6A.6.12.6.2. Leave Af
and Ap blank if the reduction factor should not be computed.

NShear = Number of shear planes per fastener.

NSlip = Number of slip planes per fastener.

Last Modified: 7/13/2025 8



TPG1-Truss Gusset Plate Example

Gusset Plate Definition — Plate tension

Navigate to the Plate tension tab of this window. T, Ttension and Tshear are disabled and defaulted to the As-built

plate thickness when Contains corrosion is not checked in the Description tab.

M Gusset Plate Definition - O X

Mame: L2 GP (L4 Mathcad)

Plate compression - partial shear Chord splice Plate shear Load transfer Control options
Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic corner check
Left plate
Yielding and net fracture Block shear
Whitmore .
width T Nfasteners u Rp == Lter_\smn Tter_15|on NTfasteners Lshear Tsljear NVfasteners =~ NShear
& {in) (LFR) {in) {in) (in) (in)
> 575 1 08| o015 075 1 6875 3 1
Member 2 8125 1 09 015 0.75 1] 9.6436 3 1
Member 3 54165 1 0.9 015 1375 1 9.5 3 1
Member 7 54165 1 09 0.15 1375 1 9.3 3 1
Member & 8125 1 09 015 0.75 1] 9.6436 3 1
Right plate

Same as left plate

Yielding and net fracture Block shear

Whitmore - ;
width T Nfasteners u Rp et Lter_\smn Tter_15|on NTfasteners Ijr_\ear & r_\ear NVfasteners = NShear
& {in) (LFR) (in) {in) {in) {in)

> | Member 1
Member 2
Member 3
Member 7

Member &

Member
arrangement QK Apply Cancel

Last Modified: 7/13/2025 9
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Yielding and Net Fracture:
Whitmore Width= Width of the Whitmore section. If left blank, computed as W + 2L x tan30° where W is
width  between extreme  fasteners. Refer to MBE  Figure

the transverse
6A.6.12.6.8-1 and Figure C6A.6.5-1. The user should verify that the computed Whitmore Width
the edge of the gusset plate.

due to

Cannot be truncated

] A
| f =]
o o Amea of Section Loss
At
{ o R
X C
o4 =] o

Thickness of the gusset plate along the Whitmore section.
the net area of

T =
Nfasteners = Number of fasteners along the Whitmore section. Used to compute
the Whitmore section. Defaults to NT if left blank.
U = Shear lag reduction factor. Defaults to 1.0 if left blank.
Reduction factor for holes. Defaults to values in MBE 6A.6.12.6.8-1 based on the

Rp
assigned bolt definition if left blank.
LFR adjustment factor from MBE L6B.2.6.5. Defaults to value from spec if left blank.

Beta

Last Modified: 7/13/2025 10



TPG1-Truss Gusset Plate Example

Block Shear:

Ltension = Length of the tension plane.

Ttension = Thickness of the gusset plate along the tension plane.
NTfasteners = Number of fasteners along the tension plane.

Lshear = Length of the shear plane.

Tshear = Thickness of the gusset plate along the shear plane.
NVfasteners = Number of fasteners along the shear plane.

Nshear = Number of shear planes

Last Modified: 7/13/2025 11
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Gusset Plate Definition — Plate compression

Navigate to the Plate compression tab of this window. T, Ty, Tr and Ty are disabled and defaulted to the As-built
plate thickness when Contains corrosion is not checked in the Description tab.

This tab contains input fields for Whitmore section and truncated Whitmore section. Whitmore section is used for

LFR analysis and is the default compression method of LRFR analysis.

M Gusset Plate Definition - O X
MName: L2 GP (L4 Mathcad)
Plate compression - partial shear Chord splice Plate shear Load transfer Control options
Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic corner check
Left plate
Whitmore section Truncated whitmore section
) (in)
Wi‘\f‘;’:ﬁm T lmd | K
(in) (in) (in) (LFR) T L W Tr Lr W T L Wi
> Member 1 575 3.75 0.5
Member 2 8125 3.75 0.5
Member 3 54165 35 0.5
Member 7 54165 35 05
Member & 8.125 5.25 0.5
Right plate

Same as left plate

Whitmore section Truncated whitmore section
in
‘Whitmore (in)
width

(in}

T Lmid K
(in) (in) (LFR) T L Wi Tr Lr W T L Wi
> Member1
Member 2
Member 3
Member 7
Member 8

Member

arrangement (0] Apply Cancel

Plate Compression — Whitmore Section

Whitmore Width = Width of the Whitmore section. Computed as W + 2L x tan30° if left blank. Refer to
MBE Figure 6A.6.12.6.7a-1.

T = Thickness of the gusset plate along the Whitmore section.

Lmid = Distance from the middle of the Whitmore section to the nearest member fastener
line in the direction of the member

K = Column effective length factor. Defaults to 0.5 if left blank.

Last Modified: 7/13/2025 12
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Plate Compression — Truncated Whitmore Section (LRFR only)

If the Whitmore section for a specific member is not truncated or if the Basic Corner Check method is to be used for
a specific member, no input is required in these fields for that member.

Lm, Lr and L = Distance from the middle, right or left of the truncated Whitmore section to the nearest
fastener line. Refer to MBE Figure 6A.6.12.6.7-1.

Wwum, Wr and W = Width of the middle, right or left portion of the truncated Whitmore section as shown in
MBE Figure 6A.6.23.6.7-1.

Twm, Tr and Tr = Thickness of gusset plate along the corresponding portion of the truncated Whitmore

section.

M Gusset Plate Definition - m} x

MName: L2 GP (L4 Mathcad)

Plate compression - partial shear Chord splice Plate shear Load transfer Control options
Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic corner check
Left plate
Basic corner check
Parallel surface Orthogenal surface Short buckling span Long buckling span
Area e d Area e d L1 L2 r Adj. a b r T
(in*2) (in) (in) (in*2) (in) (in) (in) {in) (in) surface (in) {in) (in) (in)
> Member1 -
Member 2 e
Member 3 -
Member 7 e
Member & -
Right plate

Same as left plate

Basic corner check

Parallel surface Orthogenal surface Short buckling span Long buckling span

Area e d Area e d L1 L2 r Ad. a b r T

(in"2) (in) (i) {in*2) {in) (in) (i) {in) {in) surface (in) {in) {in) {in)
7 Member 1 "
Member 2 e
Member 3 ~
Member 7 e
Member & ~

ar::a:;:n:ent oK Apply Cancel

Plate Compression — Basic Corner Check (LRFR Only)

This input is used for LRFR analysis when the Basic corner check is selected in the Control options tab. If the Basic
Corner Check compression analysis is not applicable for a specific member or if this option is not enabled in the

Control options tab, no input is required in these fields for that member.

Last Modified: 7/13/2025 13



TPG1-Truss Gusset Plate Example

Parallel Surface and Orthogonal Surface

These values correspond to the surface that is parallel or orthogonal to the chord member. Refer to MBE Figure
6A.6.12.6.7b-1.

Area = Area of the surface that is parallel or orthogonal to the chord member.

e = Distance from the work point to the plane of the parallel or orthogonal surface as shown in MBE
Figure 6A.6.12.6.7b-1.

d = Distance from the work point to the centroid of the parallel or orthogonal surface as shown in
MBE Figure 6A.6.12.6.7b-1.

Short Buckling Span

L1 = Unbraced length for column buckling of the short buckling span measured orthogonally to
surface with smaller of the unbraced plate buckling lengths. Distance is from the intersection of
the member centerline with the row of rivets nearest work point to nearest member edge.
Refer to MBE Figure 6A.6.12.6.7b-2.

L2 = Unbraced length for column buckling of the short buckling span measured orthogonally to
surface with smaller of the unbraced plate buckling lengths. Distance is from the intersection of
member centerline with the leading member edge to nearest fastener of another truss member.

Refer to MBE Figure 6A.6.12.6.7b-2.

r = Radius of gyration for short buckling span. Defaults to As-built plate thickness / sqrt (12.0)
if left blank.
Adj. Surface = Surface adjacent with short buckling span (parallel or orthogonal surface to the chord). The

other surface will be considered to be adjacent to the long buckling span.

Long Buckling Span

a = Plate buckling length. Refer to MBE Figure 6A.6.12.6.7b-1.

b = Plate buckling width. Refer to MBE Figure 6A.6.12.6.7b-1.

r = Radius of gyration for long buckling span. Defaults to As-built plate thickness / sqrt (12.0) if left
blank.

T = Thickness of plate at long buckling span.

Last Modified: 7/13/2025 14
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Gusset Plate Definition — Control Options (LRFR Only)

B Gusset Plate Definition — [m| X
Mame: L2 GP (L4 Mathcad)

Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic comer check

Plate compression - partial shear Chord splice Plate shear Load transfer Control options

LRFR
Plate compression
o Whitmore section and partial shear

Truncated whitmore section

Basic comner check

Member oK
arrangement

Apply Cancel

The default selection for plate compressive resistance is Whitmore section and partial shear.

Truncated Whitmore section and Basic corner check are only applicable for specific geometric configurations. If
the Whitmore section is not truncated or if the basic corner check is not applicable for a specific member, values need

not be entered for Truncated Whitmore section and Basic corner check for that member.

If Truncated Whitmore section is selected, but no Truncated Whitmore section values are entered for a specific
member, compression analysis for that member will default back to Whitmore section and partial shear. The
Truncated Whitmore section compression resistance method will however be used for members that have values

entered for Truncated Whitmore section compressive resistance.

If Basic corner check is selected, but no values are entered for a specific member or if the member is not adjacent to
a chord member, compression analysis for that member will default back to Truncated Whitmore section (if values
are entered) or Whitmore Section and partial shear if values for Truncated Whitmore section are not entered. The
Basic corner check compressive resistance method will be used for members that have values entered for this

compressive resistance method and are adjacent to a chord member.

Last Modified: 7/13/2025 15
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Gusset Plate Definition — Plate shear
Navigate to the Plate shear tab of this window. Thickness is disabled and defaulted to the As-built plate thickness
when Contains corrosion is not checked in the Description tab. The user has the responsibility to determine the

critical shear plane locations based on such factors as member configuration and deterioration.

M Gusset Plate Definition - ] X

MName: L2 GP (L4 Mathcad)

Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic corner check

Plate compression - partial shear Chord splice Plate shear Load transfer Control options

Shear reduction factor: g8

Left plate
Length | Thickness | Number ) Hole Override Owerride Override Member Selection
Shear plane (in) (in) holes diameter anale angle member
! v ()] 9 {Degrees) | selection 1123|456 7|8
> Vertical 12 3 0.8125
Horizontal 225 6 0.8125
Right plate

Same as left plate

e o wy G
Shear reduction factor = Shear reduction factor for the gusset plate. Defaults to 0.88.
Vertical Shear Plane and Horizontal Shear Plane:
Length = Length of the shear plane.
Thickness = Thickness of the gusset plate along the shear plane.
Number of Holes = Number of holes in the shear plane for the shear rupture check.
Hole Diameter = Diameter of holes in the shear plane.

Last Modified: 7/13/2025 16
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Gusset Plate Definition — Plate partial shear

Navigate to the Plate partial shear tab of this window.

@ Gusset Plate Definition — [} *
Name: L2 GP (L4 Mathcad)
Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic corner check
Plate compression - partial shear Chord splice Plate shear Load transfer Control options
Left plate partial shear planes Right plate partial shear planes
. Same as left plate
Sropte | e | Tieees | e | Seres
Member direct (in) (in) options Angle
irection (in] p (Degrees)
»  Member& * | Horizontal ™~ 11.25
Member 8 * | Vertical ~ 10,625
Member 2 * | Horizontal ™ 11.23
Member 2 | Vertical ~ 10,625
New Duglicate Delete
Member
arrangement oK Aply Cancel
Partial Shear Planes:
Member = Specify the compression member for which the defined shear plane should
be checked.
Shear Plane Direction =~ = Specify the direction of the partial shear plane.
Length = Length of the partial shear plane.
Thickness = Thickness of the gusset plate along the partial shear plane.

Last Modified: 7/13/2025 17
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Gusset Plate Definition — Chord splice

Navigate to the Chord splice tab of this window.

M Gusset Plate Definition - O x
Mame: L2 GF (L4 Mathcad)
Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic comer check
Plate compression - partial shear Chord splice Plate shear Load transfer Control options

Consider chord splice

Continuous chord members

Gross area: in*2

Gross section modulus: in*3

epg: in
Compression splice Tension splice
Lsplice: in Net area: in*2
Ks Net section medulus: in*3
Gusset plate thickness: in epn: in

Computed slendernass ratio:
Compute slendemness

Fer: ksi ratio
Member
arrangement oK Apply Cancel

Consider chord splice = Check this box if the chord splice articles should be considered.

Continuous chord members = Check this box if the chord is continuous at this gusset plate. If the chord is
continuous, there is no need to check the vertical shear plane capacity. This does
not affect % load transfer. If checked, the horizontal shear plane force
calculation will be along the corresponding chord member. If not checked, the
horizontal shear plane force calculation will be with respect to true horizontal.

Gross area = QGross area, Ag, of all plates in the cross-section intersecting the spliced

plane.

Gross section modulus Gross section modulus, Sg, of all plates in the cross-section intersecting the
spliced plane. Use the section modulus that corresponds to the edge of the

splice (top or bottom) that sees the maximum axial plus bending stress.

Last Modified: 7/13/2025 18
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€pg

Compression Splice:

Lsplice

K

Gusset plate thickness

Computed slenderness ratio

Fer

Tension Splice:

Net area

Net section modulus

epn

Last Modified: 7/13/2025

Distance between the centroid of the gross cross-section and the resultant

force perpendicular to the spliced plane.

Center-to-center distance between the first lines of fasteners in adjoining
chords.

Effective column length factor. Defaults to 0.5 if left blank.

Thickness of the gusset plate. Used to compute the slenderness ratio.
Defaults to the minimum of left and right As-built plate thickness if left
blank.
The computed slenderness ratio of the chord splice.
If the computed slenderness ratio is less than 25 as per MBE 6A.6.12.6.9-2, the
Fer is set to Fy.

= Net area, An, of all plates in the cross-section intersecting the spliced plane.

= Net section modulus, Sn, of all plates in the cross-section intersecting the spliced

plane. Use the section modulus that corresponds to the edge of the
splice (top or bottom) that sees the maximum axial plus bending stress.
Distance between the centroid of the net cross-section and the resultant

force perpendicular to the spliced plane.
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Gusset Plate Definition — Load transfer

Navigate to the Load transfer tab of this window.

M Gusset Plate Definition — O x
Name: L2 GP (L4 Mathcad)
Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic comer check
Plate compression - partial shear Chord splice Plate shear Load transfer Control options
% Load
transfervia = % Load
fasteners transfer
(%)
7> | Member 1
Member 2
Member 3 100 100
Member 7 100 100
Member 8
Member
arrangement Ok Apply Cancel

% Load Transfer via Fasteners = The dead and live loads used in the fastener rating equations will be adjusted by

this percentage. Defaults to 100% if left blank.

% Load Transfer = The dead and live loads used in the gusset plate rating equations will be adjusted

by this percentage. Defaults to 100% if left blank.

Close the L2 GP (L4 Mathcad) Gusset Plate Definition window by clicking either the OK or the Cancel button.
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Truss - Gusset plates

Expand the TRUSSES folder in the Bridge Workspace tree. Open the Truss 1 window and navigate to the Gusset
plates tab. The L2 GP (L4 Mathcad) Gusset Plate Definition is assigned to the L2 Panel point. The L2 panel point’s
gusset plate is included in the truss analysis. If the Definition Flipped? option is checked, the member arrangement
in the assigned Gusset Plate Definition will be flipped vertically. The gusset plate definition’s member arrangement

will be validated against the panel point’s member arrangement when OK or Apply is clicked.

™ Truss - O ®
MNarne:  Truss 1 Link with: Mone -
Description Gusset plates Specs Factors
Panel Definition  Include in

Gusset plate def

point flipped? = analysis?
Lo LOGP v
Lt L1 GP (L2 Mathcad)
L2 GP (L4 Mathcad) ]

> L3 L1 GP (L2 Mathcad)

L4 LOGP ~

uo UO GP (U1 Mathcadd)

u --Nane-- hd

u2 U2 GP (U3 Mathead)

U3 --Mone-- e

ua U2 GP (U3 Mathcad)

us --None-- W

Us UO GP (U1 Matheadd)

Select all for  Clear all for
analysis analysis

QK Apply Cancel
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Truss - Factors

Navigate to the Factors tab of this window. The Gusset plate system factor is defaulted to Riveted and Bolted
Gusset Plates.

™ Truss — O X
MName:  Truss 1 Link with: None w
Description Gusset plates Specs Factors
LRFR
Truss condition factor: Good or Satisfactory e

Field measured section properties
Truss system factor All Other Girder/Slab Bridges R
Truss system factor override
Gusset plate system factor: Riveted and Bolted Gusset Plates e

Gusset plate system factor override

oK Apply Cancel

Close the Truss window by clicking either the OK or the Cancel button.
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Schematic - Truss 1
Select Truss 1 in the Bridge Workspace tree and click the Schematic button in the WORKSPACE ribbon (or right
click and select Schematic) to view the schematic of this truss definition as shown below.

o | Bridge Workspace - Gusset Plate Example AMNALYSIS REPORTS ? — a *

BRIDGE WCORKSPACE WORKSPACE TOOLS WVIEW HELP DESIGN/RATE REPORTING

882 &

Close Export Refresh Cpen
Bridge Manage
Workspace X Schematic 2 X Report X
Bridge Companents
. uim U EE-——— =
@' Shear Connectar Definitions
& [ Stiffener Definitions
= FMLFloorbeam Member Locations
B @' STRINGER GRCUP DEFINITION GECMETRY
B @' MEMBER DEFINITIONS
B &) TRUSSES
I I Analysis # X
_____ I7 & Open
B FStFloar| @ Analyze
E- 2 BRIDGEALTE B View Summary Report
8 im Bridge Al [g] view Detailed Report
- SUPE= -
E’ Ijﬂ Schematic [
2} General Preferences
Close Bridge Workspace
The panel point is labeled with the assigned Gusset plate definition.
Schematic - ax
Tuss
WEaqe By w0
Gusset Plate Example
Gusset Plate Example - Bolts - Truss 1
6/17/2021
[8.04, 8.08] [16.08, 8.08] [24.13, 8.08) [32.17, 8.08] [40.21, 8.08] [48.25, 8.08] [56.20, 8.08]
L0(UD GP (U0kitncadd )i/ u1uz U2(U2Z GP (U32ukithcad)) U3 u3U4 U4(U2 GP (U34\sthcad)) US UsU6 UB(UO GP (U1 Mathcadd))
R AN
U0 uoL1 Liu1 U2 v22 203 1Zu4 u4L3 3U5 13U6 N L4UG
4 /
T:F(Lo GP) L (L1 GP (L2 Maihcad)) MLz 2(L2 GP (L4 Mathcad)) e 3(L1 GP (L2 Mathcad)) L %.4(“3 GP)
[0.00, 0.00] [16.08, 0.00] [32.17, 0.00] [48.25, 0.00] [64.33, 0.00]
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LRFR Analysis

To perform an LRFR rating on Truss 1, click the Analysis Settings button on the Analysis group of the
DESIGN/RATE ribbon. The Analysis Settings windows shows up.

v | Bridge Workspace - Gusset Plate Example ANALYSIS REPORTS ? = O *

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGMN/RATE REPORTING

BE &

Analysis Engine
Events Outputs
Analysis Results

Click on the Open template button in the Analysis Settings window. The following window opens. Select the LRFR
Design Load Rating template and click the Open button to apply the template.

M Open Template *
Templates Description Analysis Owner Public / Private
HL 93 Design Review HL 93 Design Review LRFD Public
HS 20 LFR Rating HS 20 LFR Rating LFR Public
» | LRFR Design Load Rating LRFR Design Load Rating LRFR Public
LRFR Legal Load Rating LRFR Legal Load Rating LRFR Public
Delete Open Cancel
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The Analysis Settings window gets updated as shown below.

D Analysis Settings

Design review () Rating

Analysis type: Line Girder

Vehicles  Output  Engine  Description

Traffic direction: Both directions
Vehicle selection

2-Vehicles
E-Standard
Ev2
V3
H15-44
H20-24
HL-03 (1)
HL-83 (US)
HS 15-44
HS 20 (51}
HS 20-44
Lane-Type Legal Load
LRFD Fatigue Truck (SI)
LRFD Fatigue Truck (US)
MRL
SU4
sUs
Sus
su7
Type 3
Type 3-3
Type 352
Agency
-User defined
*Temporary

Reset Clear Open template

Rating method: LRFR -

Apply preference setting: None -

Refresh Temporary vehicles  Advanced

Vehicle summary
[5-Rating vehicles
5-LRFR
Design load rating
Inventary
! HL-03 (US)
Operating
Add to L HL-03 (US)
Fatigue
2 ' LRFD Fatigue Truck (US)
Legal load rating
utine
Specialized hauling

Permit load rating
Remove from

<<

Save template oK Apply Cancel

Navigate to the Output tab of this window and select the Truss panel point concurrent forces report and Truss

panel point maximum forces report.

M Analysis Settings - O
Design review () Rating Rating method: LRIR s
Analysis type: Line Girder v
Apply preference sefting: None -
Vehicles | Output | Engine  Description
( Tabular results ( AASHTO engine reports
Dead load action report (B Miscellaneous reports:
Live load action report (Girder praperties
I8 Truss panel point concurrent forces report Summary influsnceline loading
Truss panel point maximum forces report Detailed influence line loacing
Capacity summary
Capacity detailed computations
FE model for DL analysis
FE model for LL analysis
LL influence lines FE model
LL influence lines FE actions
LL distrib. factor computations
LL distrib. factor summary
Regression data
Camber
Fatigue stress ranges
Service Il stress ranges
Specification output
LRFD/LRFR conc article detailed
Select all Clear all Select all Clearall
Reset Clear Open template Save template oK Apply Cancel

Click OK to apply the analysis settings and close the window.
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Select Truss 1 in the Bridge Workspace tree and click the Analyze button from the Analysis group of the
DESIGN/RATE ribbon to perform the rating.
o | Bridge Workspace - Gusset Plate Example ANALYSIS REPORTS ? = O X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

- a—

é = 1= 5&}'
Analysis| Analyze | Analysis Engine
Settings Events Outputs

Analysis Results

Tabular Results
When the rating analysis is completed, results can be reviewed by selecting the Truss 1 member in the Bridge
Workspace tree and clicking the Tabular Results button on the Results group of the ribbon.

o | Bridge Workspace - Gusset Plate Example ANALYSIS REPORTS ? = O b4

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

G o BBl B »~  H

Analysis Analyze Analysis | Tabular |Specification  Engine Save
Settings Events | Results JCheck Detail Qutputs Results

Analysis Results

The Analysis Results shown below will open. This window shows the critical rating factor considering all truss
members and the panel point gusset plates that were included in the analysis. The limit states specific to gusset plate
are Gusset Plate Fastener, Gusset Plate Bolt Slip, Gusset Plate Tension, Gusset Plate Compression, Gusset Plate
Vertical Shear and Gusset Plate Horizontal Shear. The Rating Results Summary is the only report type available.

@ Analysis Results - Truss 1 - m} X

!

| =

| Print
Print

Report type: Lane/Impact loading type Display Format
Rating Results Summary ~ o As requested Detailed Single rating level per row ~
Live Load hElesi Rating Method Bahlo LoadRang Rating Factor HEmEt Limit State Impact Lane
Type Level (Ton) Name

HL-93 (US) Truck + Lane LRFR | Inventory 8.96 0.249| L3L4:14  STR-l Gusset Plate Tension = As Requested | As Requested
HL-93 (US) Truck + Lane LRFR | Operating 8.04 0.223| L2L3:L2 SER-Il Gusset Plate Bolt Slip = As Requested | As Requested
HL-93 (US) | Tandem + Lane LRFR | Inventory 7.22 0.289 | L3L4:14 STR-I Gusset Plate Tension As Requested | As Requested
HL-93 (US) | Tandem + Lane LRFR | Operating 6.83 0.273| L2L3:L2 SER-Il Gusset Plate Bolt Slip | As Requested | As Requested

AASHTO LRFR Engine Version 7.6.1.3001

Analysis preference setting: None

Close
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Specification Check Detail
From the Results tab of the ribbon, click on Specification Check Detail to open the Specification Checks window.

R Bridge Workspace - Gusset Plate Example ANALYSIS REPORTS ? = O X

H

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGM/RATE REPORTING

S il B8~ 8

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

Gusset plate specification articles specific to a member and the member loads (like fasteners, tension and compression)
are listed under the truss member. Gusset plate specification articles that are for the gusset plate and all loads coming

into the gusset plate (like shear and chord splice) will be listed under the panel point.

M Specification Checks for Truss 1 - 54 of 1130 — [m| X
Articles
All articles A
& P
A &
Properties Generate Format
Bullet list v
Specification filter Report
4 |_{ Superstructure Component | Specification reference Limit State Flex. Sense Pass/Fail -
4 |_jStage 3 +" 6.9.2.1 Axial Compression N/ Passed
4 4Truss 1 +/ 6.9.2.2.1 Combined Axial Compression and Flexure - General /A Passed
[y uouT X 6.9.3 Compression Limiting Slenderness Ratio N/A Failed
Ly 6.9.4.1.1 Nonslender Element Nominal Compressive Resistance /A General Comp.
u2u3 6.9.4.1.2 Truss Elastic Flexural Buckling Resistance of Truss Members N/A General Comp.
qusus +/ 6.9.4.1.3 Elastic Torsional Buckling and Flexural-Torsional Buckling Resi /A Passed
Lguaus 6.9.4.2.2 Slender Longitudinally Unstiffened Cross-Section Elements N/A General Comp.
uUsue
- LoUo 6.9.4.2.2b Effective Width of Slender Elements /A General Comp.
H L4U6 +/ 6.9.4.5 Plate Buckling under Service and Construction Loads N/A Passed
E oLt & 64.6.12.5.1 Gusset Plate Rivets in Shear /A Mot Applicable
L2 X 6A6.12.6.1 Gusset Plate Axial Force Rating N/A Failed
Eyu2L2 +/ 6A.6.12.6.1 Gusset Plate Bolt Slip Resistance Rating /A Passed
gL2u4 +’ 6A.6,12.6.1 Gusset Plate Fastener Rating N/A Passed
gu4L3 +/ B6A.6.12.6.1 Gusset Plate Partial Shear Plane Rating /A Passed
|iL3U6 6A.6.12.6.2 Gusset Plate Fastener Shear Resistance - Bolt N/A General Comp.
gL 6A.6.12.6.3 Gusset Plate Bolt Slip Resistance /A General Comp.
g L2u3 6A.6.12.6.4 Gusset Plate Bearing Resistance at Fastener Holes N/A General Comp.
L2Us 64.6.12.6.7a Gusset Plate Compressive Resistance Partial Shear Plane A& General Comp.
] P! P
g Lot N& 6A.6.12.6.7a Gusset Plate Compressive Resistance Truncated Whitmor N/ Not Applicable
IS ) 6A.6.12.6.7a Gusset Plate Compressive Resistance Whitmore Section A& General Comp.
gLas NA 6A.6.12.6.7b Gusset Plate Compressive Resistance Basic Comner Check N/A Mot Applicable
g LsL4 B64.6.12.6.8 Gusset Plate Tensile Resistance A& General Comp.
4 |_|Truss 1 Panel Points 6A.6,12.6.8 Gusset Plate Tensile Resistance Block Shear Rupture N/A General Comp.
Lo 64.6.12.6.8 Gusset Plate Tensile Resistance Whitmore Net Fracture A& General Comp.
u 6A.6.12.6.8 Gusset Plate Tensile Resistance Whitmore Yielding N/A General Comp.
9 P
2 +/ B6A.6.6-7 Truss Axial Tension and Compression Rating A& Passed
it N& 6A.6.8 Truss Combined Axial and Flexure Rating N/A Mot Applicable
L4
- uo APPD6.2 Yield Moment A& General Comp.
H Uz APPD6.3.1 In the Elastic Range (Dc) N/A General Comp.
E m Plastic Moment (Mp) for Steel Noncomposite Sections Plastic Momen A& General Comp.
Lgus Steel Elastic Section Properties N/A General Comp.
v
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The following list of LRFR specification articles will be checked for gusset plates. The implementation of these
articles is described in detail in the AASHTO LRFR Truss Method of Solution Manual’s Appendix B.

MBE Article Description

6A.6.12.6.2 Fastener Shear Resistance

6A.6.12.5.1 Rivets in Shear

6A.6.12.6.3 Bolt Slip Resistance

6A.6.12.6.4 Bearing Resistance at Fastener Holes

6A.6.12.6.6 Gusset Plate Shear Resistance

6A.6.12.6.7a Gusset Plate Compressive Resistance — Partial Shear Plane
6A.6.12.6.7a Gusset Plate Compressive Resistance — Whitmore Section
6A.6.12.6.7a Gusset Plate Compressive Resistance — Truncated Whitmore Section
6A.6.12.6.7b Gusset Plate Compressive Resistance — Basic Corner Check
6A.6.12.6.8 Gusset Plate Tensile Resistance — Block Shear Rupture
6A.6.12.6.8 Gusset Plate Tensile Resistance — Whitmore Yielding
6A.6.12.6.9 Chord Splices — Compressive Resistance

6A.6.12.6.9 Chord Splices — Tensile Resistance

6A.6.12.6.1 Resistance Reduction for DL/LL Ratio

The following list of LFR specification articles will be checked for gusset plates. The implementation of these articles

is described in detail in the AASHTO LFD Truss Method of Solution Manual’s Appendix A.

MBE Article Description

L6B.2.6.1 Fasteners — Shear

L6B.2.6.1 Fasteners — Rivets in Shear

L6B5.3.1 Bolt Slip Resistance

L6B.2.6.1 Fasteners — Bearing

L6B.2.6.3 Gusset Plate Shear Resistance

L6B.2.6.3 Gusset Plate Shear Resistance — Partial Shear Plane
L6B.2.6.4 Gusset Plate Compressive Resistance

L6B.2.6.5 Gusset Plate Tensile Resistance — Block Shear Rupture
L6B.2.6.5 Gusset Plate Tensile Resistance — Whitmore Yielding
L6B.2.6.6 Chord Splices — Compressive Resistance

L6B.2.6.6 Chord Splices — Tensile Resistance
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Engine Outputs
After the analysis is complete, the output files can be viewed by clicking the Engine Outputs button on the Results
group of the ribbon.

] Bridge Workspace - Gusset Plate Example AMNALYSIS REPORTS ? - O X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

P e [m=) | m— Iy
;11 [ = = Ge;r'
Analysis Analyze Analysis = Tabular Specification] Engine
Settings Events | Results Check Detail | Outputs

Analysis Results

The Gusset Plate Section Property Report contains a listing of the gusset plate data. In the Rating Results Report,
the Overall Rating Summary lists the critical rating results considering the truss member and panel point rating
results. For each live load type, the detail truss member rating results, detail panel point rating results, panel point

shear action, panel point chord splice action, and panel point shear and chord splice rating results are listed.

M Gusset Plate Example — O *

Gusset Plate Example
- Bolts
~Truss 1
- AASHTO_Truss_LRFR
~Dead Load Analysis Report
~Dead Load FE Model Report
~Live Load FE Model Report
~Truss Member Section Property Report
~Gusset Plate Section Property Report
~Rating Results Report
~Panel Point Maximum Forces Report
~Panel Point Concurrent Forces Report
----- Log File
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MBE 2024 Spec Interim Update — Permit Rating Example

AASHTOWare Bridge Design and Rating Training
MBE 2024 Spec Interim Update — Permit Rating Example

Summary
This tutorial demonstrates the provisions for permit vehicle loading as specified in the AASHTO MBE 3™ Edition

with 2024 interims. A multi-span steel superstructure is used to illustrate several aspects of the new provisions. The

process for permit vehicle loading is similar for all line girder, 3D and truss analysis methods.

The permit vehicle definition can describe an actual permit vehicle with its exact wheel weights or can describe a
collection of permit vehicles as indicated by the notional vehicle selection. For a notional permit vehicle, only axles

which contribute to the maximum force effect are considered.

An additional permit lane load can be assigned with the advanced analysis settings options. When a permit lane load
is defined, the program applies the load as described in the AASHTO MBE 3™ Edition with 2024 interims. The
permit lane load is only applied to bridges with an average daily truck traffic (ADTT) greater than 500. If the recent
ADTT is not input for a bridge, the program assumes it to be greater than 500 and applies the lane load. For spans
between 200 and 300 ft. the permit lane load contributes to all load effects, and for other span lengths it only

contributes to negative moments, shears and reactions between contraflexure points over interior supports.

For truss structures the lane load is applied to the truss members as follows:
e  To all truss members when the span length is between 200 and 300 ft.
e  Truss chord members between points of contraflexure near intermediate piers.

e Diagonals and vertical members within the first panel adjacent to an interior pier.
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LRFR Analysis — Permit Vehicle Rating

Start by importing the Permit-Rating-With-BrDR-7.6.1.xml example file. This is a three span steel plate girder
bridge. The first and third spans are less than 200 ft., and the second span is greater than 200 ft. This configuration
will illustrate several aspects of the permit lane application using the AASHTO MBE 3™ Edition with 2024 interims.

% Permit Rating Training = O X
Bridge Workspace View
Template Superstructures
Bridge ID:  Permit Rating Training NBI structure ID (8):  Permit Rating Training Bridge completely defined Culverts
Substructures
Description Description (cont'd) Alternatives Global reference point  Traffic Custem agency fields
Name: Permit Rating Training Year built: 2024
Description:
Lecation: Pittsburgh, PA Length: 576.00 ft
Facility carried (7): Route number: 376
Feat. intersected (B): Mi. post:
Default units: US Customary w
Bridge association..
0K Apply Cancel

Last Modified: 7/22/2025 2



MBE 2024 Spec Interim Update — Permit Rating Example

Analyze the Haunched Plate Girder member alternative for G1. To perform an LRFR rating, select the Analysis
Settings button on the Analysis group of the DESIGN/RATE ribbon. The window shown below opens.

H AMALYSIS REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING
3
Analysis Analysis Engine
Settings Events Cutputs
nalysis Results

Assign the Type 3 vehicle to the LRFR Permit load rating category in the Analysis Settings window as shown

below.

M Analysis Settings

Design review o Rating

Analysis type: Line Girder

Vehicles Qutput Engine Description

Traffic direction:  Both directions
Vehicle selection

E-Vehicles
- Standard
-EV2
-EV3
-H 15-44
-H 20-44
~HL-93 ()
-HL-93 (US5)
-HS 15-44
~HS 20 (81)
~HS 20-44
--Lane-Type Legal Load
~-LRFD Fatigue Truck (SI)
~-LRFD Fatigue Truck (US)
~MRL
-S4
--SU5
--SU6
-SUT
~Type 3
- Type 3-3

- User defined
----- Temporary

Resst Clear Open template

Rating method: LRFR

N
Apply preference setting: None
Refresh Temparary vehicles
Vehicle summary
E‘--Rating vehicles
=-LRFR
-Design load rating
----- Inventory
----- Qperating
----- Fatigue
Add to -Legal load rating
----- Routine
o Specialized hauling
~Permit load rating
E-Type 3
----- Adjacent vehicle
Remove from
<
Save template oK

Advanced

Apply

Cancel
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In the Vehicle Properties window, add a 0.2 kip/ft Permit lane load. This indicates that the permit lane load should
be considered during the analysis and defines the magnitude of the load. The application of this load depends on the

recent ADTT and the span configuration of the structure.

&% Vehicle Properties X
Single Legal . Permit
Vehicle Tatr::;m fif:‘::jer Impact lane LES:I Override | live load Frequency :;::ilt?gn Owverride | live load
loaded P factor factor
| Type 3 1 Single Trip | Mixed with traffic A
Permit lane load: 0.2 kip/ft Adjacent vehicle live load factor:
D Exclude permit lane load from permit vehicle location
QK Cancel

Click OK to apply the data and close the window.

Tabular Results

With G1 member alternative — Haunched Plate Girder selected, click the Analyze button on the Analysis group of
the DESIGN/RATE ribbon to perform the rating.

ﬂ ANALYSIS REPORTS

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP DESIGN/RATE REPORTING

=8 5 &

Analysk Analyze Analysis Engine
Fuents Outputs

Analysis Results

£l

The analysis log indicates that the permit lane load is assumed to apply since the ADTT is not defined.

Warning - The recent ADTT is not entered. It is assumed the ADTT is greater
than 500 and the permit lane load will be applied.

Info - Generating model domain for line girder analysis..

Info - Finished generating model domain for line girder analysis..

Info - Capacities determined using AASHTO LEFD Specifications 1oth Edition
Info - Ratings determined using AASHTO MBE Specifications 3rd Edition, 2024
Interims

Warning - Design ADTT is not entered. Fatigue details will not be evaluated in
Art. 6.6.1.2.2

Warning - Shear Connector articles in Seetion 6.10.10 will also not be evaluated.
Tnfa - Analrwing CZalamhbarl Hannechad Plata CirdariMamhbar Altarnatisal nath
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To define the ADTT, open the bridge description window by double clicking on the Permit Rating Training node
in the bridge workspace tree. Open the Traffic tab.

Input a recent ADTT of 50.
€D Permit Rating Training = a X
Bridge Workspace View
Template B superstructures
Bridge ID:  Permit Rating Training MBI structure ID (8):  Permit Rating Training Bridge completely defined Culverts
Substructures
Description Description (cont'd) Alternatives Global reference point | Traffic Custom agency fields
Truck PCT: %
ADT:
Directional PCT: %
Recent ADTT: 50 Compute
Design ADTT:
Exp. annual ADTTs, growth rate:
Fatigue importance factor: Main Arterial, Interstate, Other w
Importance factor override
(ADT Tap)e:
(ADTTs}present:
(ADT Tat}uwarr:
Bridge association..
Apply Cancel
Reanalyze G1. The analysis log shows the permit lane load is not applied.
Warning - The LRFR permit lane load will not be applied because the recent
ADTT is 50.The AASHTO MBE specifies the permit lane load shall be applied for
bridges that have ADTT greater than 500.
Info - Generating model domain for line girder analysis..
Info - Finished generating model domain for line girder analysis..
Info - Capacities determined using AASHTO LRFD Specifications 1oth Edition
Info - Ratings determined using AASHTO MBE Specifications grd Edition, 2024
Interims
Warning - Design ADTT is not entered. Fatigue details will not be evalnated in
Art. 6.6.1.2.2
Warninag - Shaar Cannartar artinlaz in Sartinn A 10 10 wall alen not ha aralnatad
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The tabular results window shows a critical rating factor of 2.138.

=

Print

Print
Report type:

Rating Results Summary v

Live Load
Type

Type 3 | Axle Load

Live Load

Analysis preference setting: None

& Analysis Results - Haunched Plate Girder

Lane/Impact loading type
o As requested

Rating Method

LRFR

AASHTO LRFR Engine Version 7.6.1.3001

Detailed

Rating Load Rating
Level (Ton)

53.45

Rating Factor

Permit 2.138

Display Format

Location
]

576.00 | 3 - (100.0)

Location
Span-(%)

Single rating level per row

~

Limit State

STRENGTH-II Steel Shear

Impact

Lane

As Requested | As Requested

Close

The live load actions table shows only an axle load component computed for the Type 3 permit vehicle.

@ Analysis Results - Haunched Plate Girder
=
Print
print

Report type: Stage

Live Load Actions

AASHTO LRFR Engine Version 7.6.1.3001

Analysis preference setting: None

location 5 | Positive  Negative
Span Span  Moment Moment
(kip-ft)  (kip-ft)

1 000 00 0.00 000
1 550 31| 19538 -25.17
1 1100 62| 37440 5034
1 16.50 94| 53716 -75.51
1 17.60) 100 567.77 -80.54
1 2200 125 68381 -100.67
1) 2750| 156| 81451| -12584
1) 3300 187 92943 -151.01
1) 3520 200| 971.03| -161.08
1) 3850 219| 102886| -176.18
1) 4000 227| 105329 -18304
1) 4400 250| 111299| -201.35
1) 4950 281 118205 -22652
1 5280 300| 1217.24| -24162

Composite (short term) (Stage . ~

Positive
Shear
(kip)
38.06
36.53
35.00
3348
3317
31.96
3046
28.96
2837
2748
27.08
26.01
24.56
23.69

Live Load

Type 3

Negative Positive

Shear Axial Axial Torsion  Torsion

(kip) (kip) kip)  (kip-fi) | (kip-fi)
-4.71 0.00 0.00
-4.71 0.00 0.00
-4.71 0.00 0.00
-471 0.00 0.00
-471 0.00 0.00
-471 0.00 0.00
-5.59 0.00 0.00
-7.11 0.00 0.00
-1.72 0.00 0.00
-8.62 0.00 0.00
-9.03 0.00 0.00
-10.12 0.00 0.00
-11.61 0.00 0.00
-12.50 0.00 0.00

Negative Positive Negative

Live Load Type
Axle Load ~
Axle Load
Positive Negative  Positve  Negative  Positive  Negative
Reaction Reaction X Deflection X Deflection Y Deflection Y Deflection
(kip) (kip) (in) (in) (in) (in)
3806 471 00000 00000 00000 00000
00000 00000 00119 -0,0297
00000 00000 00238 -0.0590
00000 00000 00355 -0.0876
0.0000 00000 00378 -0.0932
0.0000 00000 00470 -0.1151
00000 00000 00581 -0.1413
00000 00000 00689 -0.1657
00000 00000 00731 -0.1749
00000 00000 00792 -0.1881
00000 00000 00820 -0.1938
00000 00000 00890 -0.2083
00000 00000 00983 -0.2264
00000 00000 01036 -0.2361

% Impact
Pos Reaction

33.000

o X
% Impact
Neg Reaction
33000 A

Close
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Change the ADTT to 750. Open the bridge description window by double clicking on the Permit Rating Training

node in the bridge workspace tree and open the Traffic tab.

€ Permit Rating Training = a X
Bridge Workspace View
Template B superstructures
Bridge ID:  Permit Rating Training INBI structure ID (8):  Permit Rating Training Bridge completely defined Culverts
Substructures
Description Description (cont'd) Alternatives Global reference point | Traffic Custom agency fields
Truck PCT: %
ADT:
Directional PCT: %
Recent ADTT: 750 Compute
Design ADTT:

Exp. annual ADTTs. growth rate:

Fatigue importance factor: Main Arterial, Interstate, Other W

Importance factor override
(ADT Tada:

(ADT Te)present:

(ADT et )umarr:

Bridge association...

Apply Cancel
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Reanalyze G1.

The tabular results window shows a critical rating factor of 2.138. This is the same controlling rating as without the
permit lane applied, but this time the live load type is shown as Truck + Lane. The controlling location is span 3 —
100%. The permit lane load is considered during the analysis, but not at this POI because this POI is not in a span

between 200 and 300 ft. or in a negative contraflexure region over an interior support.

M Analysis Results - Haunched Plate Girder - m] X

=)

Print
Print
Report type: Lane/Impact loading type Display Format
Rating Results Summary ~ o As requested Detailed Single rating level per row ~
. Live Load . Rating Load Rating . Location | Location .
Live Load T Rating Method Level (Ton) Rating Factor ) Span-(%) Limit State Impact Lane
Type 3| Truck + Lane LRFR | Permit 53.45 2138 576.00| 3 -(100.0) STRENGTH-II Steel Shear | As Requested = As Requested

AASHTO LRFR Engine Version 7.6.1.3001

Analysis preference setting: None

Close

The live load actions table shows both axle load and lane components for the Type 3 permit vehicle. The lane load
portion of the permit vehicle shows all actions are considered in span 2 because the length of span 2 is between 200
and 300 ft. Since the length of span 3 is less than 200 ft., all actions are not always considered from the lane load.
The portion of the span in the negative contraflexure region considers negative moments, shears and reactions and

the portion of the span in the positive contraflexure region does not consider any actions from the lane load.

B Analysis Results - Haunched Plate Girder - o X
=
Prnt.
print
Report type: Stage Live Load Live Load Type
Live Load Actions hort term) (Stage . ~ Type 3 Lane ~
Lane
Positive Negative Positive Negative Positive Negative Positive Negatife — Axle Load i Negative  Positive  Negative
Span "“&‘]“"‘ 59‘;" Moment Moment Shesr Shear | Axsl sl Tomion Tomioh P xctfon X Deflection Y Deflection ¥ Deflection P:: E;’;‘;ﬂ N% ";“E':‘;‘I‘M
> (kip-f)  (kip-ft) {kip) {kip) (kip) {kip) {kip-ft)  (kip-f{ N 1) (in) (in) {in) =
a
2 17484 861| 7218 28254 176 1198 000 000 00000 0.0000 00525 -00518
> 2| 18048| 83| 6728 -33064| 170 -1266 000, 000 00000 0.0000 00427| 00408
2 18270| 900| 6615 -35141 168 -1294 000 000 Span 2 - 203 ft 00000 0.0000 00388  -00366
2 18611 917 6520 -38530 165 1336 000 000 All actions are considered 00000 0.0000 00326 00301
2 19174) 945 6612 -aa650| 162 1408 000 000 00000 00000 00220 00197
2 19737 72| 6974 -51423| 161 -14% 000 000 00000 0.0000 oot12|  -0009
2 20100] 930 7359 -56138| 160 -1538 000 000 00000 0.0000 00040  -00034
2 20300 1000 7623 -5e854| 160 1565 000 000 2011 185 00000 0.0000 00000 00000 0.000 0.000
3 000| 00 000 -5e854] 149 040 000 000 21 8 00000 0.0000 00000 00000 0.000 0.000
3 2000 10| o000 -55082| 1472] 040 000 000 00000 0.0000 00033| 00040
3 616 31| 000 -50383| 1422) 040 000 000 00000 0.0000 00100 -00125
3 1231] 63| 000 -42038| 1350 042 000 000 Span 3 - 197 ft 00000 0.0000 00105 -00251
3 1847) 94| 000 -36633| 1279) 046 000, 000 Negative contraflexure region  0.0000 0.0000 002s2| 00379
3 1970) 100) 000, 35538 1265| 047| 000 000 pNegative moments, shears and 00000 0.0000 00298 00404
3 2463 125| o000 -31754| 1208) 051 000 000 reactions are considered 00000 0.0000 00361|  -00505
3 3079 156 000 -28525| 141 057 000 000 00000 0.0000 00430|  -00628
3 3604 188 000 26052 1075 065 000 000 00000 0.0000 004s8| 00746
3 3940| 200 000 -26539| 1049 069 000 000 00000 0.0000 00see| 00791
3 4310 218 000 25015 101 075 000 000 00000 0.0000 00534 00855
3 ®m @B O O W] W 00 00 00 T000 TOSEE] 009
3 4926) 250/ 000 000 -000| 000 000 000 Span 3- 197 ft 00000 0.0000 o0see| 00952
3 s13| 261 o000 ooo| 00| 000 000 00| pogitive contraflexure region. 09000 0.0000 00s78| 00982
3 52.00 264 0.00 0.00 -0.00 -0.00 0.00 000 No actions from lane 0.0000 0.0000 0.0580 -0.0991 v
AASHTO LRFR Engine Version 7.6.1.3001
Analysis preference setting: None
Close

Last Modified: 7/22/2025 8
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3DFEM6 — Axial Rigidity Coefficient Example

AASHTOWare Bridge Design and Rating Training
3DFEM6-Axial-Rigidty-Coefficient-Example

Topics Covered

e Modifying 3DFEM2-Single-Span-Steel-3D-Example bridge

e Steel Diaphragm Connection Data Entry with Axial Rigidity Coefficient (ARC)
e  Steel Diaphragm Spec Check Comparison

Features (Introduced in version 7.6.0 as a part of the LRFD 10th edition spec updates):

e LRFD/LRFR Axial Rigidity Coefficients

LRFD/LRFR aaal rigidity coefficients
Section

Member Shape orientation Section location Material Non- Composite  Compaosite

composite (long term) | (short term)

» Lawdel/2 > | Veriical “ | Top Left v | Fy=33ks v
ch L dxdx1/2 ~ | Vertical ~ | Top Left “ | Fy=33ks ¥
AD L dxdx1/2 ~ | Vertical » | Top Left ~ | Fy=33ks ¥
CB L dxdx1/2 ~ | Vertical ~ | Top Left “ | Fy=33ks ¥

This tutorial demonstrates how to input Axial Rigidity Coefficients for different diaphragm members. In the 10
edition of the LRFD specifications, section 4.6.3.3.4c introduces equivalent axial rigidity in cross frame members.
This gives the user the option to scale the axial terms from the stiffness matrix for steel cross frame members. Prior to
version 7.6.0 of BrDR, users did not have the ability to enter in ARC coefficients for diaphragm members, as ARC
values are introduced in the 10* edition of the LRFD specifications. In version 7.6.0 and beyond, the users will have
this option. This may impact the computed axial forces within the diaphragm members. For single angle and
horizontally oriented T-shaped diaphragm members, if the user does not enter axial rigidity coefficients, default values
of 0.65 or 0.75 for non-composite or composite members respectively will be assumed. These default values are
derived from section 4.6.3.3.4c of the specifications which state “the equivalent axial rigidity of single-angle and
flange-connected tee-section cross-frame members to be taken as 0.65AE in the analysis model for the non-composite

condition during construction.” Additionally, “taken as 0.75AE in the analysis model for the composite condition.”

This bridge is a single span steel girder system with four rolled steel girders. Follow the steps to modify the structure
definition. Two diaphragm member types, one with axial rigidity coefficient values < 1.0 and one with axial rigidity
coefficient values = 1.0 will be input by the user and those results will be compared. Then one of the diaphragm
member definitions will be modified, so that default behavior for axial rigidity coefficient values for single angle or

horizontally oriented T-shaped members can be observed.

Last Modified: 7/13/2025 1



3DFEM6 — Axial Rigidity Coefficient Example

Modifying Steel Girder Bridge

Go to AASHTO’s website to access the training files: https://aashtowarebrdr.org/bridge-rating-and-design/training/.

Then, right click on 3DFEM2 — Single Span Steel 3D Example and select Save link as...

. Bridge Design and Rating ¥ User Group v  Bridge Design & Rating Personnel v News f
EBRIDGE ] f]

RATING

Structure & Analysis Specific v

Analysis v

@ 3DFEM1 - Diaphragm Spec Checking |wal 3DFEM1 — Diaphragm Spec Checking

@ 3DFEM2 - Single Span Steel 3D Exam[{e n;j 3DFEM2 - Single Span Steel 3D Example

Open link in new tab

m 3DFEM3 - Curved Steel 3D Example [si] 3DFEM3 - Curved Steel 3D Example

. N i Open link in new window
m 3DFEM4 - Curved Steel Multi-Span 3D Example |w] 3DFEM4 - Curved Steel Multi-S

Curved Steel Multi-Span 3D Example Input Spreadsheets

[£) 3DFEMS - Mesh Generation and Dead Load Analysis Example [] 3DFEMS - Mesh [ save fink a5
Analysis Example

Open link in incognito window

Copy link address
@ 3DFEMS6 - Axial Rigidity Coefficient Example with BrDR 7.6.0 ma] 3DFEM6 - Axial Rig
BrDR 7.6.0 Inspect

m ADJ1 - Analysis with Adjacent Lane Routine Traffic Example

[ Fanarine Nvarride

Once this is saved, it can be accessed in the next step to import into BrDR. From the Bridge Explorer, import the

3DFEM2-Single-Span-Steel-3D-Example.xml file

-
|
[m]
X

ﬂ AASHTOWare Bridge Design and Rating

BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW HELP

u‘@@é@ % [

New Open © eatch v Find Copy Copy Delete
Tov
Bridge Manage
5.7 Favorites Folder
[ Recent Bridges :
€cent bridg A~ Bridge ID Bridge Name
# Al Bridges [
# sample Brigges > 1 TrainingBridge1 Training Bridge 1(LRFD) a
- [ Deleted Bridges ETEd 2 E
2 TrainingBridge2 Training Bridge 2(LRFD)
3 TrainingBridge3 Training Bridge 3(LRFD)
4 PClTrainingBridge’ PCl TrainingBridge 1(LFR)
5 PClTrainingBridge2 PClTrainingBridge2(LRFD)
6 PClTrainingBridge3 PCl TrainingBridge3(LFR)
7 PClTrainingBridge4 PClITrainingBridged{LRFD)
8 PClTrainingBridge> PCI TrainingBridge5(LFR)
Q  DrITrsininARridaal D1 TesininAaRrid~afil DEMY v
o G [ ]
Total Bridge Count: 32

Last Modified: 7/13/2025 2
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Modify Superstructure
Change the Bridge ID and NBI structure ID, Axial Rigidity Coefficient Training, and Name to Axial Rigidity
Coefficient Training. Click OK to apply the changes and close the Bridge window.

{' & S8 - o X

Bridge Workspace View

Template Superstructures

Bridge ID:] Toidity Coefficient Training NBI structure ID (8): Jigidity Coefficient Training Bridge completely defined Culverts

Substructures

Description Description (cont'd) Alternatives Global reference point Traffic Custom agency fields

Mame: I Axial Rigidity Coefficient Tralm"n{ I Year built:

Description:

Location: Length: ft
Facility carried (7): Route number:

Feat. intersected (B): Mi. post:

Default units: US Customary

Bridge association...

poply  Cance

Next, change the superstructure name by double clicking on the superstructure definition and changing the name
to Diaphragm spec checking. Then select OK to apply the changes and close the Girder System Superstructure

Definition window.

Bridge Components
= & Axial Rigidity Coefficient Training

+ 2 Components

I [ Diaphragm Definitions
2 Lateral Bracing Definitions

— nef LRFD Multiple Presence Factors
Ec Enwironmental Conditions

OF Design Parameters

=- =) SUPERSTRUCTURE DEFINITIONS
| ’ LRFD-5-2010
= ERIDGE ALTERNATIVES

B O LFR (E) (C)

Last Modified: 7/13/2025 3
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| @ Girder System Superstructure Definition - [m] X
| -
Definition  Analysis  Specs  Engine
Mame: Diaphragm spec checking | Modeling
4 Simple Rolled Steel Girders
With frame structure simplified definition
Description:
Deck type:
Default units: US Customary  ~ Enter span lengths For PS/PT only
along the reference R
Number of spans: 1 line: werage humidity:
Number of gird 4 7 Length *
i
umber of girders § Span | 119
f
Member alt. types
> 35125 ' P
p/S
RIC
Timber
Horizontal curvature along reference line
Superstructure alignment
h

Next, open the Framing Plan Detail window by expanding Diaphragm spec checking and double-clicking
Framing Plan Detail. Go to the Diaphragms tab and assign each diaphragm to —Not Assigned— for the
diaphragm definition.

Bridge  Components

S Axial Rigidity Coeflicient Training
9 Components
2 Diaphragm Definitions A Stucture Framing Plan Details
[ Lateral Bracing Definitions

— rer LRFD Multiple Presence Factors

£¢ Environmental Conditions Number of spans: Number of girders:
— or Design Parameters
£ SUPERSTRUCTURE DEFINITIONS Layout [ Diaphragms | Lateral bracing ranges

1 4y Disphragm spec checking

-} impact/Dynamic Load AlOWant Gy pay Copy bay to.. Diaphragm
2 Load Case Description wizard
Start End
BSC Eracing Spec Check Selection Support distance e e e =t distance Load
- T3 Structure Typical Section number [ SPAGNG o chaces ) () (kip) B
o Superstructure Loads Left girder  Right girder Left girder  Right girder
- @ Shear Connector Definitions
% @ Stiffener Definitions 21 0 0 0 1 0 0 0 Isnuumymmuate J
@ ) MEMBERS 1 0 0 17.5625 1 175625 17.5625 17.5625 End/intermediate
= [ BRIDGE ALTERNATIVES

& @FRE © 1 35125 35125 0 1 o 35125 35125 I ot Assigned-- l

New Duplicate

oK Apply

Delete

Cancel

Last Modified: 7/13/2025 4
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4 Structure Framing Plan Details

Number of spans:

Layout Diaphragms Lateral bracing ranges

Girder bay: 1

Support distance
number
Left girder
201 ™ 0
1 0

1 35.125

Number
of spaces

Disphragm
wizard
End
Length distance
(U] ()
Left girder  Right girder
0 0 0
17.5625 17.5625 17.5625
0 35,125 35.125

Load
(kip)

--Not Assigned--

--Not Assigned--

--Not Assigned--

New Duplicate

OK Apply

Delete

Cancel

Repeat this step for Girder Bay 2 and 3. If this window appears when switching between girder bays, select Yes

and continue.

Bridge Design & Rating

Data in this grid has changed!

Do you want to save this data before switching to another Girder Bay ?

Last Modified: 7/13/2025
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3DFEM6 — Axial Rigidity Coefficient Example

Verify that all girder bays have —Not Assigned-- selected for the diaphragm location and select OK to apply the

changes and close the Structure Framing Plan Details window.

& Structure Framing Plan Details

Number of spans: Number of girders:

Layout Diaphragms Lateral bracing ranges

Start
Support distance
number ()

Copy bay to...

Diaphragm
spacing

()
Left girder

Right girder
0 0 0

0 0 17.5625

35.125 35.125 0

Diaphragm
wizard..
End
Number Length distance

of spaces M L]
Left girder  Right girder
1 0 1] 0
1 17.5625 17.5625 17.5625
1 0 35.125 35.125

Load
(kip)

--Not Assigned--
--Not Assigned--

Diaphragm

I --Not Assigned--

Duplicate Delete

Apply Cancel

Next, delete the diaphragm definition by expanding the Diaphragm Definitions folder, then right clicking

End/Intermediate and selecting delete. If the confirmation window pops up, select Yes and continue.

Bridge Components

i

=~ ¢y Axial Rigidity Coefficient Training
L

f- £ Components

=2 i

= ﬂ Lateral Bracing Definitions

- HPF LRFD Multiple Presence Factors
— EC Environmental Conditions

— DF Design Parameters

= &) SUPERSTRUCTURE DEFINITIONS
B Arrf Diaphragm spec checking

— 2k 1pad Case Description
— &F Framing Plan Detail
2 Bracing Deterioration

— T Structure Typical Section
— oy Superstructure Loads

#- [ stiffener Definitions
&- [ MEMBERS
= &3 BRIDGE ALTERNATIVES
s~ @LFRE) )

Last Modified: 7/13/2025

- j Impact/Dynamic Load Allowance

Bridge Design & Rating

A Are you sure you want to delete End/Intermediate?

— BSC Bracing Spec Check Selection

— [ shear Connector Definitions

No




3DFEM6 — Axial Rigidity Coefficient Example

Diaphragm member steel shapes

Next, the Steel shapes need to be added to use for the diaphragms. In the Components tab of the Bridge Workspace,
expand the Beam Shapes folder, then expand the Steel Shapes folder, then the expand Channels folder, finally right
click and delete the C 15x33.9 shape as this will not be needed anymore.

Bridge Components

X
& &) Components

- 3 Appurtenances
2 B3 Generic
L de TYPE 115 (Mod)
& Median
&) Parapet
~ 2 Railing
£l &) Beam Shapes
i- [ Prestress Shapes
- &) Steel Shapes
& Angles
- &) Channels
| €533
& 15pes [ Open
T 27Wro1| -
t T 27wriol 2 <P
— B Tees | IJ Duplicate
& 2 Timber Shapes Delete
#- @ Connectors B Analyze
£~ &) Factors
- B LR J
% LFE 2002 AASHT @ View Detailed Report
- B8 LRFD &) General Preferences

|~— L8EL 2010 AASHT ,
| LRFE 2007 (2009 E3 Close Bridge Workspace

B B LRFR '

@ View Summary Report

Bridge Design & Rating b4

A Are you sure you want to delete C 15x33.9?

.

Last Modified: 7/13/2025 7
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Next double click on the Angles folder or right click and select new to open the Steel Angle window.

Workspace =

Bridge Compaonents

= 3 Com ponents
B B Appurtenances
=8 &2 Generic
L g TYPE 115 (Mad)
----- = Median
----- |} Parapet
----- [ Railing
= &3 Beam Shapes
- @ Prestress Shapes

= |73 Steel Shapes
----- = Angles
----- &) Channels

- | | Shapes
| T 27TWF91
T 27wWF106
----- 3 Tees
- @Timber Shapes
- @'Conn ectors
= =) Factors
- & LFR
----- LFR 2002 AASHTO 5td. Specifications
- & LRFD
----- LRFD 2010 AASHTO LRFD Specifications
""" LRFD 2007 (2009 interim) AASHTO LRFD Specific
- & LRFR
L. LRFR 2008 AASHTO LRFR Specifications
----- [ LRFD Substructure Design Settings
B & Materials
----- @Aluminum
- |22 Concrete
----- T Fc=2.500 ksi Assigned for 1932 Concrete
----- @ Prestress Bar
----- [ Prestrass Strand

Then select Copy from library...

@M Steel Angle = a X

Mame:

Description:

Dimensions Properties

Tan alpha:

Copy to library... Copy from hbrary... OK Apply Cancel

Last Modified: 7/13/2025 8
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Scroll down to select L. 3x3x3/8. Make sure to select the shape where the Year is 2011. Then select OK to close the

Steel Shape Selection window.

M Steel Shape Selection * :
Library Unit system :
© standara 51 :

Agency defined o us |

|

Shape Year Depth (in) Load (Ib/ft) Sux (in™3) :

L 3x3x1/4 2011 3 49 05683919 0

L 3x3x0.3125 1994 3 6.09999%9... 0.70726 '] :

L 3x3x5/16 2011 3 60999999, 0.7009346 :

>[ U3 T 3 72 08270321 [
L 3x3x0.375 1994 3 72 0.8333333

| IITHE 11 2 032 M aAEnINg v o

b,

Then select OK to close the Steel Angle window.

& Steel Angle - a X

Name: L 3x3x3/8

L 3x3x3/8 Imported from AISC Tables (2011)
Description:

Dimensions Properties

0.884 Tan alpha:

in

in

Copy to library... Copy from library... Apply Cancel

Repeat these steps to add a W 12x22 shape, again making sure the Year is 2011. The Components tab should now
have the L 3x3x3/8 and W 12x22 shapes added to the Beam Shapes folder.

Last Modified: 7/13/2025 9
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Bridge Components
=- 3 Components
= 3 Appurtenances
- &) Generic
- e TYPE 115 (Mod)
- &) Median
~ &) Parapet
— 2 Railing
£ (&) Beam Shapes
it 2 Prestress Shapes
&) Steel Shapes
- lB Angles

&) | Shapes
r T 27WE91
- 27TWF106
[ T W12x22']
- e
& 2 Timber Shapes
#- 2 Connectors
B 5 Factors

B LR
' L5 2002 AASHTO Std. Specifications
& RFD
|— LEFL 2010 AASHTO LRFD Specifications
- L&( 2007 (2009 interim) AASHTO LRFD Specific
& LRFR
' L&F5 2008 AASHTO LRFR Specifications
2 LRFD Substructure Design Settings
=- &) Materials
- Aluminum
&) Concrete
T Fc=2.500 ksi Assigned for 1932 Concrete
@ Prestress Bar

Last Modified: 7/13/2025
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Diaphragm Definitions
Navigate back to the Bridge tab of the Bridge Workspace, double click the Diaphragm Definitions folder to open

up the Diaphragm Definitions window.
Workspace X

Bridge Compaonents
B D Aial Rigidity Coefficient Training
# [T Components
- [EF Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
ES Environmental Conditions

oF Design Parameters

= |5 SUPERSTRUCTURE DEFINITIONS

= b Diaphragm spec checking

----- = Impact/Dynamic Load Allowance
----- i Load Case Description

----- A Framing Plan Detail

----- [ Bracing Deterigration

----- BSC Bracing Spec Check Selection
----- 1 Structure Typical Section

----- 2 Superstructure Loads

----- [E7 Shear Connector Definitions
E" [ stiffener Definitions

- [ MEMBERS

= |53 BRIDGE ALTERNATIVES

B LR (E) (O)

Leave Type 1 selected for the diaphragm type and enter in the following data, then select OK.

& Disphragm Definitions
Name: Type 1 Diaphragm - ARC = 1.0 Diaphragm type: Number of elements in fixed member: 1
Tension-only diagonal system
Members  Connections

Diaph types:
iaphragm types: LRFD/LRFR axial rigidity coefficients

Section
A B Member Shape C Section location Material Non- Composite | Composite
composite  (long term)  (short term)
> AB Vertical 1 1 1
D Vertical Top Left 1 1 1
Type: 1
AD Vertical Top Left Fy= 33 ksi (fs=18 ksi) 1 1 1
g CB Vertical Top Left Fy= 33 ksi (fs=18 ksi) 1 1 1
! c D
{ Type: 2
H
| A B
| %%;EE
§
c D Support o Measured
| Type:2 Connection o ) trom
1
¢ > A Pinned 4| Top of Web
1 A B B Pinned 4| Top of Web
] +
| c Pinned 4| Bottom of Web
| D Pinned 4| Bottom of Web
1 Type: 4
}

Last Modified: 7/13/2025 11
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Repeat these steps to add a second diaphragm definition, this time with some ARC values < 1.0.

& Digphragm Definitions - 0

_

Name: Type 1D <10 Diaphragm type: Number of elements in fixed member:
Tension-only diagonal system

Members Connections

Diaph: types:
iaphragm types: LRFD/LRFR axial rigidity coefficients

Section
A B Member Shape oliessinton Section location Material Non- Composite ~ Composite
{ composite  (long term)  (short term)
| > AB Vertical 1 085 085
| D Vertical Top Left 1 078 0.78
Type: 1
AD | L3x3x3/8 Vertical Top Left 1 078 078
A B B | L3ax3m Vertical Top Left Fy= 1 078 078
|
| c )
| Type:2
i
| A B
|
| c ; D 5 Support ¥ Measured
onnection r
| Type:3 type (in) from
> A Pinned 4 Top of Web
|
| N s ] Pinned 4 Top of Web
£ 4 Pinned 4 Bottom of Web
D Pinned 4 Bottom of Web
Type: 4

The following sketch from the AASHTOWare BrDR Help illustrates the Section Orientation and Section Location

selection. This can be accessed by hitting the F1 key on this window.

— EEm——
[ AASHTOWare BrDR - Help - [u] X
& -
Hide Back Options
Select a steel beam shape for the member. Choose from previously defined members.
Cortents | Index  Seareh | A
Type in the keyword to find Section Orientation
I Select the orientation. Choices are Vertical and Horizontal
List Topies Vertical: Y-axis of the shape is parallel to the Y-axis of the section (see below).
Select Topic to display: Y
Y
Il:I %
Horizontal: Y-axis of the shape is parallel to the X-axis of the section (see below)
Y
X
”
‘ >
Section Location
| Select the location. {see table below)
Shape Choices
IShapes | No choices, Section Location disabled
Choices are top left, Top Right, Bottom Left and Bottom Right (see below)
Y
Top Left Top Right
Angles X
| Bottom Left Bottom Right
o For Vertical Section Orientation: Choices are Left and Right (see below)
Display Y v
N

Last Modified: 7/13/2025 12



3DFEM6 — Axial Rigidity Coefficient Example

The two new diaphragm definitions should now be located within the Diaphragm Definitions folder.
u Eridge Workspace - Axial Rigidity Coefficient Training

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP

ped
=
Analysis

Settings

Analysis Results

Report Schematic
Workspace X

Bridge Companents
= T Axial Rigidity Coefficient Training
G- @Componenu
=} |3 Diaphragm Definitions
----- = Type 1 Diaphragm - ARC = 1.0
----- = Type 1 Diaphragm - ARC's < 1.0
----- [ Lateral Bracing Definitions
----- MFF LRFD Multiple Presence Factars
----- EC Environmental Conditions

----- OF Dwesign Parameters

- &) SUPERSTRUCTURE DEFINITIONS

- b Diaphragm spec checking

----- = Impact/Dynamic Load Allowance
----- 2 Load Case Description

----- A2 Framing Plan Detail

----- [ Bracing Deterioration

----- BSC Bracing Spec Check Selection
----- ﬁ Structure Typical Section

----- 2 Superstructure Loads

----- @ Shear Connector Definitions
#- [ Stiffener Definitions

- [ MEMBERS

= |53 BRIDGE ALTERMATIVES

- M LFR (E) (C)

Last Modified: 7/13/2025 13



3DFEM6 — Axial Rigidity Coefficient Example

Framing plan details — Diaphragm spec checking

Now that the diaphragm definitions have been added to the Bridge Workspace, they can be assigned to the exisiting
diaphragm locations. Double click on Framing Plan Detail to open up the Structure Framing Plan Details widow
for this superstructure. Click on the Diaphragms tab within this window and assign each location in Girder Bay 1

with the Type 1 Diaphragm — ARC = 1.0 definition that was created earlier.

v
& Structure Framing Plan Details

- O X
i
Number of spans: Number of girders:
|
| Layout [Diaphragms | Lateral bracing ranges
Diaphragm
; 1 v
Girder bay: Copy bay to.. i
Start End
Support distance Df"a";:g'“ Number  Length distance Load Siobraam
number (ft) F(ft) 9 ofspaces () (i) (kig) phreg
Left girder | Right girder Left girder  Right girder
1 0 0 0 1 0 0 0 Type 1 Diaphragm - ARC = 1.0 v
1 ~ 0 o 17.5625 1| 175625 173625 17.5625 Type 1 Diaphragm - ARC = 1.0 o
R 35,125 35,125 0 1 0 35,125 35125 Type 1 Disphragm - ARC = 1.0 v
New Duplicate Delete
oK Apply Cancel

After assigning each diaphragm location in Girder Bay 1 with the Type 1 Diaphragm — ARC = 1.0 definition, select
Copy bay to... and copy this data over to the other bays.

—_
& Structure Framing Plan Details = o X
|
Number of spans: Number of girders:
|
Layout | Diaphragms Latersl bracing ranges
N Ny Diaphragm
Sederber: 1 vizard..
Start End
Support distance Dfi::gm Number  Length distance Load P
number (f) p(ft) 9 ofspaces " (] (idp) phrag
Leftgirder | Right girder Left girder | Right girder
1> 0 0 0 1 0 0 0 Type 1 Disphragm - ARC = 1.0 v
1 0 0 17.5625 1) 175625 17.5625 17.5625 Type 1 Disphragm - ARC = 1.0 v
1 35,125 35125 0 1 0 35.125 35125 Type 1 Disphragm - ARC = 1.0 v
New Duplicate Delete
oK Apply Cancel
_

Last Modified: 7/13/2025 14
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If this window pops up:

Bridge Design & Rating

Data in this grid has changed!
Do you want to save this data before switching to another Girder Bay 7
Yes MNo

Select Yes and coninue. Then select Bay 2 and Bay 3, then select Apply.

& Copy Diaphragm Bay *
| |Bay2 |
Select the new bay(s): | Bay3 |
Apply Cancel

A window will pop up and ask if it’s okay to delete these diaphragms before copying. This is okay since the diaphragm

data is the same for girder bays 2 and 3. Select Yes and continue.

Bridge Design & Rating X
Diaphragms already exist for bay 2!
Do you want to delete these diaphragms before copying to this bay?
Yes No Cancel

Bridge Design & Rating *
Diaphragms already exist for bay 3!
Do you want to delete these diaphragms before copying to this bay?

Yes No Cancel

Last Modified: 7/13/2025 15
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After these bays have been successfully copied, select the drop down list for Girder bay and verify that girder bay 2
& 3 diaphragms have been assigned.

A Structure Framing Plan Details - a X
|
1
| Number of spans: Number of girders:
| oyt | Dptvogms | Lot brocing s Verify that girder bay 2 and 3
; diaphragms have been assigned.
| Girder bay: Copy bay to. wizard...
|
1 Start End
i hi
{ Support distance D‘:pac':\gm Number  Length distance Load -
1 number () D(ﬁ) g of spaces (0 () (kip) phrag
I Left girder  Right girder Leftgirder  Right girder
[ 1 0 0 0 1 L] 0 0 Type 1 Diaphragm - ARC = 1.0
| 1 0 0 17.5625 1 17.5625 17.5625 17.5625 Type 1 Diaphragm - ARC = 1.0
i 1 35.125 35.125 0 1 0 35.125 35125 Type 1 Diaphragm - ARC = 1.0

New Duplicate Delete

oK Apply Cancel

Then select OK to apply the changes and close the Structure Framing Plan Details window.

Next, double click G1 to open the Member window. Then make sure Existing and Current check boxes are checked.

Select OK to close the window.

‘Workspace 2 X Analysis
! Bridge Components B Member _ o %
= ¢ Axial Rigidity Coefficient Training
5 Compenents
2 Member name:  G1 Link with: -- Mone --

\& Diaphragm Definitions
' B2 Type 1 Diaphragm - ARC = 1.0
- 22 Type 1 Diaphragm - ARC's < 1.0
2 Lateral Bracing Definitions
rer LRFD Multiple Presence Factors
— EC Environmental Conditions Description:
or Design Parameters
+ |& SUPERSTRUCTURE DEFINITIONS
Bl 4 Diaphragm spec checking
~ _‘ Impact/Dynamic Load Allowance

— AL Load Case Description
B
&F Framing Plan Detail Ex';tm (url\ren Member alternative name Descr:\ptlo
- Bracing Deterioration
BSC Bracing Spec Check Selection ﬂ Left Exterior Girder

- T3 Structure Typical Section
& Superstructure Loads

@ shear Connector Definitions
- (@ stiffener Definitions

E- &) MEMBERS Number of spans:

Span
Span length
no.
- I G3 (ft)
B I G4 » 1 35.125

=- | BRIDGE ALTERNATIVES
B @LFRE ©

Apply Cancel

Open the remaining girders 2 through 4 to make sure Existing and Current check boxes are checked.
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3DFEM6 — Axial Rigidity Coefficient Example

Copy superstructure

Diaphragm spec checking superstructure now has a diaphragm definition assigned to each location with the ARC

values all set to 1.0. This superstructure can now be copied over and only the ARC values will need to be modified to

compare diaphragm spec check results.

Right click on Diaphragm spec checking superstructure and select Copy. Then seelct the SUPERSTRUCTURE
DEFINITIONS folder and right click to paste the superstructure.

Eridge Components
= D Axial Rigidity Coefficient Training
- [ Compeonents
= |3 Diaphragm Definitions
' B2 Type 1 Diaphragm - ARC = 1.0
' =2 Type 1 Disphragm - ARC's < 1.0
----- [ Lateral Bracing Definitions
----- MPF | RFD Multiple Presence Factors
----- EC Environmental Conditions

""" oF Design Parameters

= &3 SUPERSTRUCTURE DEFINITIONS
Bt Diaph e

..... =1 |m %:g Expand Branch

Collapse Branch

..... & Bre Open

----- BSC Br Copy |

----- i St Duplicate

..... 'lul' Su

..... @ Sh

f-- B sti

- [ ME

= [ ERIDGE A
B @M LR (E

|0

Delete

Analyze

Validate

View Summary Report
View Detailed Report
Export to PS5 Design Tool

General Preferences

Be vEeli e

Close Bridge Workspace

W eI Faramewes
- |E2 SUPERSTRUCTURE DEF*u=r=n

& vt Diaphragm spec ¢ %2 Expand Branch
- &9 BRIDGE ALTERNATIVEY Q Collapse Branch
B MLER (E) (C)

| MNew

Analyze

3

View Summary Report
Wiew Detailed Report
Wizard

Import Design Tool File

General Preferences

BelvEEe R

Close Bridge Workspace
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3DFEM6 — Axial Rigidity Coefficient Example

Now double click on the superstructure definition that was created.

Eridge Companents
= Dy Axial Rigidity Coefficient Training
- [ Components
#- [ Diaphragm Definitions
----- [ Lateral Bracing Definitions
----- MFF LRFD Multiple Presence Factors
----- EZ Environmental Conditions

----- OF Design Parameters
= (= SUPERSTRUCTURE DEFIMITIONS

=) b Diaphragm spec checking~

----- 2% Load Case Description
----- A& Framing Plan Detail
----- [ Bracing Deteriaration
----- BSC Bracing Spec Check Selection
----- 1 Structure Typical Section
----- 2 Superstructure Loads
----- [ Shear Connector Definitions
E" [ stiffener Definitions
- [ MEMBERS
=+ [ BRIDGE ALTERNATIVES
B MLFR () (O

Change the superstructure name to the following and select OK.

& Girder System Superstructure Definition _ o
Definition  Arabysis  Specs Engime
Mame: Diaphragm spec ng - with user input AR - =
Sirmyphe Rolled S
With frame structure
Description:
Deeck type:
Defautt units: US Customany Enter span lengths For PS/PT oy
along the reference
MNurnber of spans: 1 lina: Average humsdity:
%
Number of girders 4 Span | Length
)
1 35125 Member alt. types
ber
orizontal curvature along refierence line
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3DFEM6 — Axial Rigidity Coefficient Example

Framing plan details — Diaphragm spec checking — with user input ARC values

Now expand Diaphragm spec checking — with user input ARC values superstructure and double click on Framing
Plan Detail to open the Structure Framing Plan Details window.

Bridge  Components

= M Axial Rigidity Coefficient Trainingtest
i [ Components
El- &) Diaphragm Definitions
= Type 1 Diaphragm - ARC = 1.0
L = Type 1 Diaphragm - ARC's < 1.0
£ Lateral Bracing Definitions
HFF LRFD Multiple Presence Factors
- EC Enwvironmental Conditions
- DF Design Parameters
El- &) SUPERSTRUCTURE DEFINITIONS
= Ayrf Diaphragm spec checking
- j Impact/Dynamic Load Allowance
- ik Load Case Description
— &F Framing Plan Detail
- [P Bracing Deterioration
BSC Bracing Spec Check Selection
- T Structure Typical Section
- oy Superstructure Loads
- [ Shear Connector Definitions
#- @ Stiffener Definitions
&- [ MEMBERS
E- 4 Diaphragm spec checking - with user input ARC values.

—] Impact/Dynamic Load Allowance
TS

o+ Load Case Description
~ [ Bracing Deterioration
— BSC Bracing Spec Check Selection
T Structure Typical Section
- oy Superstructure Loads
~ [ Shear Connector Definitions
& [ Stiffener Definitions
& ) MEMBERS
= &) BRIDGE ALTERNATIVES
s LR (E) (©)

Switch over to the Diaphragms tab and begin assigning diaphragms to Type 1 Diaphragm — ARC’s < 1.0.

& Structure Framing Plan Details

= [m] X
Number of spans: | Number of girders:
Layout [ Diaphragms | Latersl bracing ranges
) Diaphragm
r 1
Girder bay ~ Copy bay to e
Start End
Support distance BRI | oo | distance Load .
number () T ofpaes (@ (] kip) 1ephrEam
Leftgirder | Right girder Left girder | Right girder
21~ 0 0 0 1 0 0 0 Type 1 Disphragm - ARC = 1.0 M|
1 v 0 0 17.5625 1) 7.se2s|  17.625 17.5625 Type 1 Diaphragm - ARC's < 10 ||
1 v 35,125 35125 0 1 0 35.125 35125
Type 1 Diaphragm - ARC = 1.0 |
--Not Assigned--
New Duplicate Delete
oK Apply Cancel
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3DFEM6 — Axial Rigidity Coefficient Example

Once Girder bay 1 is completed, the other two girder bays can be copied over similar to when the diaphragms were

assigned for the Diaphragm spec checking superstructure. To do this, use the Copy bay to... button like previously.

& Structure Framing Plan Details - O X
Number of spans: Number of girders:
Layout | Diaphragms Lateral bracing ranges
Diaphragm
; 1 v
Girder bay: Copy bay to.. i
Start End
Support distance Df"a";:g'“ Number  Length distance Load Siohraam
number (ft) P pou 9 ofspaces ) (f) (kig) phreg
Left girder | Right girder Left girder | Right girder
y1v 0 0 1 0 0 ] Type 1 Disphragm - ARC's < 1.0 v
1 e 4] o 17.5625 1 17.5625 17.5625 17.3625 Type 1 Diaphragm - ARC's < 1.0 v
1 35,125 35125 0 1 0 35,125 35,125 Type 1 Disphragm - ARC's < 1.0 v
|
New Duplicate Delete
oK Apply Cancel
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3DFEM6 — Axial Rigidity Coefficient Example
Diaphragm spec checking comparison

Analysis Settings
Now it’s time to set up the analysis. Open the Analysis Settings window by clicking on Analysis Settings in the

upper left corner of the Bridge workspace. Then, click on the Design review radio button. Next, click on the drop

down menu to select the Analysis type and select 3D FEM.

& ANALYSIS REPORTS Bridge Workspace - Axial Rigidity Coefficient Training

BRIDGE WORKSPACE WORKSPACE TOOLS WIEW HELP DESIGN/RATE REPORTING

3k
=iy g
\Analysis Engine
Settings Oufputs
Analysis Results
A is Settir — [m] X
Aeport Schematic Step 1 1B ngs
Warkspace
: ; - Design method: LRFD .
D Rat o
Bridge  Components O Design review 2tng
5 fMy Avisl Rigidity Coefficient Training -
[ Components Analysis type: Line Girder ~
2 Diaphragm Definitions Lane / Impact loading type: _ Line Girder Apply preference setting:  None ~
[ Lateral Bracing Definitions
HPF LRFD Multiple Presence Factors Vehide | Outout  E I ELLLER I
£ Enviranmental Conditions Step 2 Superstructure Defin]
oF e
o Design Parameters P Traffic direction:  Both directions o Refrash Temporary vehicles  Advanced
[E3 SUPERSTRUCTURE DEFINITIONS
¥rrf Diaphragm spec checking Vehicle selection Vehicle summary
\rrf Diiaphragm spec checking - with user input ARC values. . o -
9 BRIDGE ALTERNATIVES 'VE'”'SCt‘:Sd . 'DES‘S" YE":“'E;
& “Standar ‘Design loads
MUIRE ©Q Alternate Military Loading Permit loads
Fatigue loads
EV3
-HL-23 () Step 3
--HL-93 (US) Add to
HS 20 (s}
HS 20-44
- LRFD Fatigue Truck (SI)
LRFD Fatigue Truck [US)
‘Agency
-User defined
Temporary Remove from
<<
Reset Clear Open template Save template 0K Apply Cancel
1
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3DFEM6 — Axial Rigidity Coefficient Example

After 3D FEM is selected for Analysis type, click on the Design loads to select Vehicle Summary and click on
HL-93 (US) to select the vehicle, then select the > > button to add the HL-93 (US) vehicle to the Design loads.

™ Analysis Settings = O X
o Design review Rating Design method: LRFD v
|
Analysis type: 3D FEM ~ Analysis option: DL, LL and Spec-Checking v
ane / Impact loading type Apply preference setting: MNone v
Vehicles Qutput Engine Description
Traffic direction: Both directions e Refresh Temporary vehicles Advanced
Wehicle selection Vehicle summary
-Vehicles -Diesi ehicle
&-Standard
- Alternate Military Loading HL-93 (US)
- EV2 -Parmit loads
- EV3 Step 2 ----- Fatigue loads
-HL-93 (SI)
-HL-93 (US) Add to Step 1
-HS 20 (S} = =
~HS 20-44
- LRFD Fatigue Truck (SI)
----- LRFD Fatigue Truck (US)
- Aigency
~User defined
..... Temparary Remove from Step 3
<<
Reset Clear Open template Save template QK Apply Cancel
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Next, select the Output tab and make sure the following items are checked.

M Analysis Settings - [u] X
o Design review Rating Design method: LRFD v
Analysis type: 3D FEM ~ Analysis option: DL, LL and Spec-Checking v
Apply preference setting: None v

Vehicles Engine Description

— Tabular results — AASHTO engine reports

B Desd load action report & Miscellaneous reports:
Girder properties

. Live load action report

N . Summary influence line loading
Concrete limit state summary report

Detailed influence line loading
. LRFD critical loads report N

Capacity summary
u LRFD specification check report “apac !

Capacity detailed computations
. PS concrete stress report . "

@ o ervice st report B £ model for DL analysis

B steel limit state summary report B Fe modet for L 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 Il stress ranges

m Specification output:

(B LRFO/LRAR conc article detailed

Select all Clear all Select all Clear all

Reset Clear Open template Save template Apply Cancel

Selecting diaphragms for spec checking
Next within the Diaphragm spec checking superstructure double click on Bracing Spec Check Selection to open

the Bracing Spec Check Selection window. Then select diaphragms 1-2 and 3-2. Then select OK to close the

window.
Workspace £ X || @ Bracing Specification Check Selection — [u] X
Bridge Components
— LR ZUUZ AMOMIU WL JPEUIGUUIS A Diaphragms  Lateral bracing
LEFL 2010 AASHTO LRFD Specifications.
— LEFL 2007 (2009 interim) AASHTO LRFD Spe Select diaphragms for specification checking in a 3D analysis:

— LEFE 2008 AASHTO LRFR Specifications
T Fc=2.500 ksi Assigned for 1932 Concrt
— T Fy= 33 ksi (fs=18 ksi)
&3 Diaphragm Definitions Bayl Bay2 Bay3
I—— = Type 1 Diaphragm - ARC = 1.0 N 141 241 341
~ = Type 1 Diaphragm - ARC's < 1.0
[ Lateral Bracing Definitions
|- ©*F LRFD Multiple Presence Factors
E¢ Environmental Conditions
- Of Design Parameters
.E SUPERSTRUCTURE DEFINITIONS
- \rrd Diaphragm spec checking
"Ir' j Impact/Dynamic Load Allowance Step 1
24 Load Case Description Step 2
— &&F Framing Plan Detail

Select all Clear all

4 Structure Typical Sec
oy Superstructure Loads
- 2 Shear Connector Definitions
- [ stiffener Definitions
= 3 MEMBERS
3 161
¥ IG
IG3
1G4
\rrd Diaphragm spec checking - with user i
=~ & BRIDGE ALTERNATIVES

#- ALFR(E) O

Apply Cancel
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3DFEM6 — Axial Rigidity Coefficient Example

Follow these same steps to add the diaphragms 1-2 and 3-2 for the Diaphragm spec checking — with user input
ARC values superstructure.

Analyzing Diaphragm spec checking superstructure

Finally, select the Diaphragm spec checking superstructure and select Analyze.
v CIVHonnen gl Lonuaiauns
oe Design Parameters

B &3 SUPERSTRUCTURE DEFINITIONS

81 4 Diaphragm spec checking - with user input ARC val
= & BRIDGE ALTERNATIVES
- ALFRE ©

&= e T I e - |

AnalysisjAnalyzef Tabular Specification Engine Save
Settings! Results Check Detail Outputs Results
Analysis Results

After the analysis has completed, open article 6.9.2.1 — Axial Compression for Diaphragm 1-2, member AD-1.

Follow these steps to open the article output.

# o Al = =

= =H| B
Analysis Analyze Engine Swe @ Specification Checks for Simple Span Structure Bracing - 19 of 596 - o X
Settings Results| Check Detailf Outputs Results

— Articles
Analysis Rem st 2 facs \) AN
ep 4: selec | &
Format
&2 3 & Properties Generate
Report Schematic Specification Check Detail | it it
Workspace © % Analysis Specification filter Report
Bridge  Components Analysis - Diaphragm spec checking | 4 Ly Superstructure Component  Specification reference Limit St |
& @ Axial Rigidity Coefficient Training | » [_yStage 1 B 1321 Design Philosophy - Limit State - General
S & Components 4 @ Analysis Event » |y Stage 2 4,62.7.1 1-Sections - Lateral Wind Load Distribution in Multibeam Brid
- e TYPE 115 (Mod) p— ‘ 4 yStage 3 B 6.10.1.1.1b Stresses for Sections in Positive Fiexure
4 m spec checki
L ;;:;";‘/8 » - | a2 X 6.13.4 Block Shear Rupture Resistance
- % 27WF106 4 © GIRDER-SYSTEM MEMBERS A8 B 6582 Tensile Resistance

Twizx2 @ G1 (Left Exterior Girder] ;e NA 682.3.1 General

L£E 2002 AASHTO Std. Specifications o NA 6.8.2.33 Tension Rupture Under Axial Tension or Compression Combir
LFT 2010 AASHTO LRFD Specifications @ G2 (Interior Girder) kg +/ 684 Tension Limiting Slendemess Ratio

ce-1 < — ——

LEFE 2007 (2009 interim) AASHTO LRFD Specific B =] ST G
LEFE 2008 AASHTO LRFR [Right Interior Girder] ce-2

NA'6.9.2.2.1 Combined Axial Compression and Flexure - General
+/ 6.9.3 Compression Limiting Slenderness Ratio

T Fc=2.500 ksi Assigned for 1932 Concrete Step 3+4: Cth on Stage 3to » 232

T Fy= 33 ksi (fs=18 ksi) 4
. Q0 Dispteagm Defodions expand that folder. Click on 1-

@ 6.94.1.1 Nonslender Element Nominal Compressive Resistance
|- = Type 1 Diaphragm - ARC = 1.0

; B 6.94.1.2 Truss Elastic Flexural Buckiing Resistance of Truss Members
2 2 to expand that folder. Click
— EType 1 Diaphragm - ARC's < 1.0 P . NA 6.9.4.1.3 Elastic Torsional Buckling and Flexural-Torsional Buckling Resi
I E t:‘:[;alﬁi';;;fp?eﬂ"“'::: i on AD-1, then double click on B 6.9.4.22 Slender Longitudinally Unstiffened Cross-Section Elements
|- e environmental Conditions the Axial Compression article. B 694220 Effective Width of Slender Elements
|- o Design Parameters 6944 Single-Angle Effective Slenderness
.E’ SUPERSTRUCTURE DEFINITIONS.

NA 6945 Plate Buckling under Service and Construction Loads
[ Steel Elastic Section Properties

T rd Diaphragm spec checking -
= & BRIDGE ALTERNATIVES
& ARG ©

input ARC values.

- Pop (long ).
Info - Populating live load results for composite (short term) (stage 3)..
Info - Populating dead load results for non-composite (stage 1)..

Info - Populating dead load results for composite (long term) (stage 2)..
Info - Populating live load results for composite (short term) (stage 3)..
Info - Analysis successfully completed!

Step 1: select Diaphragm
spec checking
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Article 6.9.2.1 — Axial Compression for diaphragm 1-2, member AD-1 has two load cases that fail the spec check

for this diaphragm member.

1 BB sSpec Check Detail for 6.9.2.1 Axial Compression - m] X
6 Steel Structures -
6.9 Compression Members
6.9.2 Compressive Resistance
€.9.2.1 Axial Compression
(AASHTO LRFD Bridge Design Specifications, Tenth Edition)

Diaphragm 1-2 AD-1 - Start Stage 3
Shape type: L
Pn (kips) = 19.08 (6.9.4.1.1)
Phic = 0.95
Pr = Phic*Pn (kips) = 18.12
Design Ratio = Pr/Axial Force
Limit Load Force Axial Design
State Comb Type Force Ratio Status
(kip)
STR-I 1 Tension — = NA
STR-I 1 Compression -20.69 0.876 Fail
STR-I 2 Tension m— — NA
STR-I 2 Compression -20.88 0.868 Fail
STR-III 1 Compression -0.54 15.247 Pass
STR-III 1 Compression -1.35 13.443 Pass
STR-IIX 2 Compression -0.94 15.247 Paas
STR-IIIX 2 Compression -1.3% 13.443 Pass
STR-V 1 Tension == == NA
STR-V 1 Compression -16.27 1.114 Pass
STR-V 2 Tension = = NA
STR-V 2 Compression -16.41 1.104 Pass
NA = This article is for compression only.
Load Combination Legend:
Code Vehicle
1 HL-93 (US):T+L
2 HL-93 (US) :Ta+L
v
OK
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The effect that the axial rigidity coefficients have is in the FE model on the cross-frame member areas. To look at
the individual beam element properties, click on Diaphragm spec checking superstructure, click on Engine
Outputs, then double click on S2 Span 3D Model to bring up the stage 2 beam properties that were calculated for
each individual beam element. Scroll to the section labeled Beam Properties. The second column shows the area of

the individual beam elements. The diaphragm member areas are shown at the bottom of this table.

F al
| ANALYSIS REPORTS Bridge Workspace - Axial Rigidity Coefficient Training ?

BRIDGEWORKSPACE ~ WORKSPACE ~ TOOLS ~ VIEW  HELP = DESIGN/RATE  REPORTING

» e o y
Analysis Analyze Tabular Specificatiol Save
Settings Results Check Detaifl Qutpyts Results
M Axial Rigidity Coefficient Training ln 52 Span 3D Mode! | - o X
Analysis R
Report Schematic ";'3['} “'9"“"“ C*’"":“ Ea"“"@ 186 [2.11000.0000/0.0000 1.75000000 1.75000000  0.0988770029000.004 0.4900.00000650  0.300 11153.848 A
— AR 187 [2.1100/0.0000 0.0000 1.75000000 175000000 0.0988770029000.004 0.490/0.00000650  0.300 11153.848
o Model Generation Node Merge Report 188 2.1100/0.00000.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300/11153.848
Bridge  Components 2 22:: i s 189 2.1100/0.00000.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300(11153.848
& @ Aol Rigidity Coeffcient Training s 190 2.1100/0.00000.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300(11153.848
g;‘l’a’:::’"em““oewm TSRS 191 [6.4800 0.0000 0.0000 4.66000000 156.00000000| 0.2733250029000.004 0.490 0.00000650  0.300 11153.848
- 37D i
= Typf, Diaphragm - ARC = 1.0 52 Span 30 Model Actions 192 00/0.0000 0.0000 1.75000000 175000000 0.09887700 29000.004 0.490/0.00000650  0.300/11153.848
- 2 Type 1 Diaphragm - ARC's < 1.0 S3 Span 3D Model 193 0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300 11153.848
£ Lateral Bracing Definitions 23 3pan3DEE Mods| Grptics 194 2.1100/0.0000/0.0000 1.75000000 1.75000000] 0.0988770029000.004  0.490 0.00000650  0.300/11153.848
[ ST e frmence Facom yriogroneay oot 195 21100 0.00000.0000 1.75000000 1.75000000  0.0988770029000.004 0.4900.00000650  0.300 11153.848
25 Emironmental Conditions Stability Bracing Force Report 2.1100 0. ¥ A g X 2 X A 7 .. 53.
or Design Parameters i 196 2.1100/0.00000.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300(11153.848
&5 Let Exterior Girder 197 6.4800/0.00000.0000 4.66000000 156.00000000| 0.27332500/29000.004  0.490 0.00000650  0.300(11153.848
- ' Stage 3 Spec Check Results 198 2.1100 0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.30011153.848
iaphragm spec checking - with G2 e
=3 impaci/Dymanic Load Alorel & G 199 [2.1100 0.00000.0000| 1.75000000 1.75000000 0.0988770029000.004  0.4900.00000650  0.300|11153.848
2 Load Case Description 1" Stage 3 Spec Check Results 200 [2.1100/0.00000.0000 175000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
~ & Framing Plan Detail 63 201 [2.11000.0000 0.0000 1.75000000 1.75000000| 0.09887700 29000.004 0.4900.00000650  0.300|11153.848
8 Bracing Deterioration 2 Right Interior Girder -
B il 1 Gtage 3 Spec Check Results 202 00/0.0000 0.0000 1.75000000 1.75000000] 0.0988770029000.004 0.490 0.00000650  0.300/11153.848
3] Ssichie Topleal Sectisn G4 203 |6.4800 0.0000 0.0000 4.66000000 156.00000000| 0.27332500 29000.004 0.490 0.00000650  0.300|11153.848
& Superstructure Loads - ng';‘:g";’;“;:c"g:;k it 204 [2.1100/0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650  0.300 11153.848
2 Shear Connector Definitions = G1 205 2.1100 0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300 11153.848
i ga‘:;’s‘;s["ﬁ"“"’"s AL Extrior Shee 206 |2.11000.00000.0000 175000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
§ I T rlive toad DEGbGR Feston Calculations 207 [2.1100(0.00000.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
§ I ~Live Load Distribution Factors Calculations Summary 208 [2.1100(0.00000.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300/11153.848
¥ i gj f:}‘;"e SpecCliock Results 209 [6.4800/0.0000 0.0000 4.66000000 156.00000000 0.27332500 29000.004 0.490 0.00000650  0.300 11153.848
P (il
G W ERIDGE AETERAATIVES =62 210 [2.11000.00000.0000 175000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
& aLR® O " ”l‘e;'zgﬁ',’;°:m 1.75000000 1.75000000, 0.09887700 29000.004 0.490 0.00000650  0.300/11153.848
T Etive Load Dishibiition Factos Caiculations 0 1.75000000 1.75000000 0.0988770029000.004 0.490 0.00000650  0.300/11153.848
Live Load Distribution Factors Calculations Summary 213 [2.1100(0.00000.0000 175000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
f;?;; S 214 [2.11000.0000 0.0000 1.75000000 1.75000000| 0.09887700 29000.004 0.490 0.00000650  0.300|11153.848
= G3
& Right Interior Girder
= AASHTO LRFD .
1 Shell Properties v
< >
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In the following steps, the analysis will be run on the Diaphragm spec checking — with user input ARC values
and the scaled areas can be observed there.

Analyzing Diaphragm spec checking — with user input ARC values superstructure

To see the effect the ARC values have on the spec check results, run the same exact analysis on the Diaphragm
spec checking — with user input ARC values superstructure. The results for this superstructure can be seen in the

following screenshot

Workspace 2 X Analysis
Bridge  Components Analysis - Diaphragm spec checking  Analysis - Diaphragm spec checking - with user input ARC values,
S g Axial Rigidity Coefficient Training - v
& Components Analysis Event I -CB-1
+ & Diaphragm Definitions [ I B ) -
r S Type 1 Diaphragim - ARC = 1.0 B Spec Check Detail for 6.9.2.1 Axial Comprassion [u]
- = Type 1 Diaphragm - ARC’s < 1.0
- @ Lateral Bracing Definitions : ;;ti:;pj::;izii::mkezs
nre LRFD Multiple Presence Factors €.9.2 Compressive Resistance
— Ec Environmental Conditions 6.9.2.1 axial Compression
or Design Parameters (ARSHTO LRFD Bridge Design Specifications, Tenth Edition)
- (3 SUPERSTRUCTURE DEFINITIONS Tty Py 315 £Ye ) = R Gz &
|
4 Yot Diaphragm spec checking
41 yrrf Diaphragm spec checking - with user input ARC values. heee toes 1
= [ BRIDGE ALTERNATIVES Srees EvRes
|
B @ LFR (E) (C) pn (kips) = 19.08 (6.9.4.1.1)
Phic = 0.95
Br = Phic*Pn (kips) = 18.12
Design Ratio = Pr/Axial Force
Limit Load Force Axial Design
state Comb Type Force Ratio  Status
(kip)

1 Tension - - NA
1 Compression -17.42 1.040 Pass
Z Tension - - NA
2 Compression -17.58 1.031 Pass
1 Compression -0.88 20.653 Pass
1 Compression -1.25 14.490 Pass
2 Compression -0.88 20.€93 Pass
2 Compression -1.25 14.450 Pass
1 Tension - - NA
1 Compression -13.72 1.321 Pass
2 Tension - - NA
2 Compressicn -13.84 1.309 Pass
NA = This article is for compression only.

Load Combination Legend:

0K
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3DFEM6 — Axial Rigidity Coefficient Example

This article passes for the same diaphragm member and same load cases. For the AD-2 diaphragm member, the
stage 2 ARC value was input at 0.78 which reduced the axial stiffness on the diaphragm member. As the axial
stiffness was reduced, this reduced the axial compression for this member. To see where the coefficients are used,
open the S2 Span 3D Model file in the Engine Outputs. The areas of the individual cross frame members can be
observed. Notice that the last few diaphragm member areas have been reduced to 1.6458 in”*2 which is equal to 2.11
in"2 * 0.78.

M 52 Span 30 Maodel - O X

1¥3  [1.642% |LU.UVUL | L.UUUY| L./ 3UUUUUU LoJUUUUUU | ULUYES (/U0 29000004 U.AY0|L.00uUU6dU U.SUU[11125.848
194 1.6458 0.0000 0.0000 1.75000000 1.75000000, 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
195 |1.6458 0.0000 0.0000 1.75000000, 1.75000000, 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
196 1.6458 0.0000 0.0000 1.75000000, 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
197 5.5080 0.0000 0.0000 4.66000000 156.00000000) 0.27332500 2%9000.004 0.490 0.00000650 0.300/11153.848
198 |1.6458/0.0000 0.0000 1.75000000 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
199 1.6458 0.0000 0.0000 1.75000000 1.75000000, 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
200 1.6458/0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
201 1.6458/0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300 11153.848
202 11.64580.0000 0.0000 1.75000000 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
203 |5.5080/0.0000 0.0000 4.66000000 156.00000000| 0.27332500 29000.004  0.490 0.00000650 0.300 11153.848
204 11.6458 0.0000 0.0000 1.75000000/ 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
205 1.6458/0.0000 0.0000 1.75000000/ 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
206 1.6458/0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300 11153.848
207 11.6458 0.0000 0.0000 1.75000000 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
208 |1.6458/0.0000 0.0000 1.75000000/ 1.75000000| 0.09887700/29000.004 0.490 0.00000650 0.300/11153.848
209 |5.5080 0.0000 0.0000 4.66000000/156.00000000| 0.27332500 29000.004 0.490 0.00000650 0.300/11153.848
210 1.6458/0.0000 0.0000 1.75000000/ 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
211 1.6458/0.0000 0.0000 1.75000000 1.75000000 0.09887700 2%000.004 0.490 0.00000650 0.300 11153.848
* 212 |1.6458 0.0000 0.0000 1.75000000 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
213 |1.6458/0.0000 0.0000 1.75000000/ 1.75000000| 0.09887700/29000.004 0.490 0.00000650 0.300/11153.848
214 11.6458 0.0000 0.0000 1.75000000| 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
Shell Properties

Modifying ARC values in diaphragm definition window for Diaphragm spec checking superstructure
If the 3DFEM6-Axial-Rigidity-Coefficient-Example.xml was imported, the following steps will need to be

followed to observe the default behavior for ARC values.

If ARC values are deleted and left blank and the diaphragm members are either single angle or horizontally oriented
T-shaped, default coefficient values of 0.65 or 0.75 for non-composite or composite members respectively will be
assumed. To see this behavior, double click on Type 1 Diaphragm — ARC = 1.0, change the name to Type 1
Diaphragm, delete all the ARC coefficients, and select OK.
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3DFEM6 — Axial Rigidity Coefficient Example

‘Workspace # Diaphragm Definitions - = .

Bridge  Components Name: Diaphragm type: Number of elements in fixed member: 1
E- @ Axial Rigidity Coefficient Training
2 &3 Components
- ok TYPE 115 (Mod)
L L3u3x3/8
T 27wrot Diaphragm types:
T 27wF106 o LRFD/LRFR axial rigidity coefficients
T wiza2 ) A B Member Shape orientation | Section location Material Non- Composite | Composite
- Lf5 2002 AASHTO Std. Specifications compasite  (long term)  (short term)
— LEFC 2010 AASHTO LRFD Specifications ) = =
| Lort 2007 (2009 interi) AASHTO LRFD Specific AB | W22 v | Vertical v v | Fy=33ksils=18ks) v
LEFE 2008 AASHTO LRFR Specifications @ | L33aE v | Vertical v | Top Left v | Fy= 33 ksi (fs=18 ksi)
T Fe=2.500 ksi Assigned for 1932 Concrete Trpe: 1
T Fy= 33 ksi (fs=18 ksi)
3 (&3 Diaphragm Definitions

Tension-only diagonal system

Members  Connections Change diaphragm name

AD | L33 v | Vertical v | Top Left v | Fy=33ksils=18ks) ™

A e > €8 | L33aE v | Vertical

<

Top Left ~ | Fy= 33 ksi (fs=18 ksi) v

Type 1 Diaphragm - ARCs < 10
|- 2 Lateral Bracing Definitions é s
vt LRFD Multiple Presence Factors

|- ec Environmental Conditions Trve:2 Delete all ARC coefficients

|- or Design Parameters A 5 and leave blank.
3 SUPERSTRUCTURE DEFINITIONS
£ vy Disphragm spec checking

- =} Impact/Dynamic Load Allowance Connection

- AL Load Case Description c D

- & Framing Plan Detail Type: 3 >

- [ Bracing Deterioration

BSL Bracing Spec Check Selection

- T Structure Typical Section A

4 Superstructure Loads —_—

[ Shear Connector Definitions

E_— @ stiffener Definitions

& MEMBERS

-ty Diaphragm spec checking - with user input ARC values.

=~ [ BRIDGE ALTERNATIVES

B AuRE O Select OK.

Support ¥ Measured
type (in) from

IS

pinned v Top of Web v

Pinned v

IS

Top of Web

Pinned v

-

Bottom of Web v

onlw »
IS

Pinned i Bottom of Web -

Apply Cancel

Analyzing Diaphragm spec checking superstructure with default ARC behavior
Since this diaphragm definition is already assigned to the Diaphragm spec checking superstructure diaphragms, the

analysis can be run again without needing to change anything else. The following results can be observed for this

scenario.

B Spec Check Detail for 6.9.2.1 Axial Compression — (] Xi
6 Steel Structures &
€.9 Compression Members
6.9.2 Compressive Resistance
€.9.2.1 Axial Compression
(AASHTO LRFD Bridge Design Specifications, Tenth Edition)

Diaphragm 1-2 AD-1 - Start Stage 3
Shape type: L
Pn (kips) = 19.08 (6.9.4.1.1)
Phic = 0.95
Pr = Phic*Pn (kips) = 1B8.12
Design Ratio = Pr/Axial Force
Limit Load Force Axial Design
State Comb Type Force Ratio Status
(kip)
STR-I 1 Tension == == NA
STR-X 5 5 Compression -15.01 1.208 Pass
STR-I 2 Tension — — NA
STR-I 2 Compression -15.12 1.199 Pass
STR-IIIX 1 Compression -0.75 24.148 Pass
STR-III 1 Compression -1,07 16.916 Pass
STR-III 2 Compression -0.75 24.148 Pass
STR-III 2 Compression -1.07 16.5916 Pass
STR-V 3 Tension == == NA
STR-V 1 Compression -11.82 1.533 Pass
STR-V 2 Tension d - NA
STR-V 2 Compression -11.91 1.522 Pasas
NA = This article is for compression only.
Load Combination Legend:
v
oK
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3DFEM6 — Axial Rigidity Coefficient Example

Note, that the axial compression forces are now even lower on diaphragm 1-2, member AD-1 because axial rigidity
coefficients of 0.65 have been assumed compared to 0.78 from before. Again, looking at the S2 Span 3D Model file
in the Engine Outputs, looking at the last few beam elements, the reduced area is 1.3715 in*2 = 2.11 in”*2 * 0.65.

@S2 Span 3D Model = (m} X
185 6.4800 0.0000 0.0000 4.66000000/156.00000000| 0.27332500/29000.004 0.490/0.00000650  0.300/11153.848 A
186 |1.37150.0000 0.0000 1.75000000 1.75000000| 0.09887700/29000.004 0.490/0.00000650  0.300/11153.848
187 |1.3715 0.0000 0.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490/0.00000650  0.300 11153.848
188 |1.3715 0.0000 0.0000 1.75000000 1.75000000  0.09887700/29000.004 0.490/0.00000650  0.300/11153.848
189 |1.3715 0.0000 0.0000 1.75000000 1.75000000  0.0988770029000.004 0.490/0.00000650  0.300 11153.848
190 |1.3715 0.0000 0.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490/0.00000650  0.300/11153.848
191 |6.4800 0.0000 0.0000 4.66000000 156.00000000 0.27332500 29000.004 0.490 0.00000650  0.300|11153.848
192 |1.3715 0.0000 0.0000 1.75000000 1.75000000| 0.09887700/29000.004 0.490/0.00000650  0.300 11153.848
193 |1.3715 0.0000 0.0000 1.75000000 1.75000000 0.0988770029000.004 0.4900.00000650  0.300 11153.848
194 |1.3715 0.0000 0.0000 1.75000000 1.75000000  0.0988770029000.004 0.4900.00000650  0.300 11153.848
195 1.3715 0.0000 0.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490/0.00000650  0.300/11153.848
196 |1.37150.00000.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490/0.00000650  0.300/11153.848
197 6.4800 0.0000 0.0000  4.66000000/156.00000000| 0.27332500/29000.004 0.490/0.00000650  0.300 11153.848
198 |1.3715 0.0000 0.0000 1.75000000 1.75000000 0.0988770029000.004 0.490/0.00000650  0.300 11153.848
199 |1.3715 0.0000 0.0000 1.75000000 1.75000000  0.0988770029000.004 0.490 0.00000650  0.300 11153.848
200 |1.37150.0000 0.0000 1.75000000 1.75000000 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
201 |1.37150.00000.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490/0.00000650  0.300/11153.848
202 |1.37150.0000 0.0000 1.75000000 1.75000000 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
203 |6.4800 0.00000.0000 4.66000000 156.00000000 0.27332500 29000.004 0.4900.00000650/  0.300/11153.848
204 |1.37150.0000 0.0000 1.75000000 1.75000000 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
205 |1.37150.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650  0.300 11153.848
206 |1.37150.00000.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490/0.00000650  0.300/11153.848
207 |1.37150.00000.0000 1.75000000 1.75000000 0.09887700 29000.004 0.4900.00000650  0.300 11153.848
208 |1.37150.0000/0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490/0.00000650  0.300/11153.848
209 |6.4800 0.0000 0.0000 4.66000000 156.00000000 0.2733250029000.004 0.490 0.00000650  0.300 11153.848
210 |1.37150.00000.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490/0.00000650|  0.300 11153.848
211 |1.37150.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650  0.300 11153.848
212 |1.37150.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650  0.300 11153.848
213 |1.37150.0000 0.0000 1.75000000 1.75000000 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
214 |1.37150.00000.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490/0.00000650|  0.300/11153.848

Sl‘m“ Pranertiec g

When reducing the area for the beam elements in the FE model, this will effectively reduce the axial stiffness for the
cross-frame member beam elements which matches the intent of the 10 edition spec updates. Scaling the area
instead of scaling the modulus of elasticity ensures that only the axial stiffness is reduced and not both the axial and
flexural stiffness. The area for determining member capacities will not be reduced in the engine. This also ensures
that the scaled areas that are used to calculate the member forces will not influence the individual member

capacities.
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