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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 Bridge Design and Rating Visual Reference

Introducing BrDR Environment

Guide to Using BrDR 7.5.1
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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.

BrrR

BrR (Bridge Rating) is used for a variety of bridge superstructure and
culvert load rating. The application features a graphical user interface
that aid in the preparation of the data and application of the results.

ﬁ BRIDGE Using the AASHTO ASR/LFR/LRFR as its analytical engine for load

RATING

AASHIOWare"

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
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

B A
& Al Documents  Web Sett 75N
Best match for apps ~
)
Bridge Design & Rating 7.5.1 A
| ﬂ 9 g ¢ Select R
App BLECiDES T
Apps
a Bridge Design & Rating 7.5.1 y
Setup.exe - in Version 7.5.1 &
g 88°F

; ; ‘ ' Mostly cloud
i | Bridge Design & Rating 7.5.1 Mostly cloudy

Setup.exe - in 751

E Bridge Design and Rating 7.3 >
u Bridge Design 7.3 >
u Bridge Design 7.4.1 >
3 BRASS Import »
From the Start Menu
3 Bridge Copy Utility 7.3 >
- The software may also be accessed from the start
[ Bridge Rating 6.8.4 > menu if the icons are not in the desktop.
[W] Bridge Copy Utility »
u Bridge Design 7.0 »
u Bridge Design 6.8.4 »
Ll S —

Q, Apps: BrI dge Design & Rati | |am é l




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 (...)

Connect X
or |

Bridge Design & Rating
Version 7.5.1.3001
Build date Feb 26 2024

1. Enter username

/ and password

Username  bridge

Password .
2. Click to select
Connectto AASHTOWareBr75 v B—_—' Connectto
database
oK Cancel Help License

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

[l Manage Connections — m} Pad

Connection details

| AASHTOWareBr73 Profile name: AASHTOWareBr75
AASHTOWareBr75s Connection type: Microsoft SOL Server p

1 SQL Server connection details
Host address: localhost
1. Select one of Database: AASHTOWareBrT5 v Refresh
the databases Windows Authentication
provided SQL Encrypt
MNew Delete

2. Click OK 4— 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.

ERIDGE EXPLORER BRIDGE

d & Import @@

MNew © Batch Find

Bridge

TOOLS VIEW

AASHTOWare Bridge Design and Rating

2 Exchange In

%} Batch

Manage

-7 Favorites Folder
[ Rec ;
= @ All Bridges
- # Templates

----- Deleted Bridges

Bridge Explorer
tree

N

V

[=TEE I < I, R S VE I (S ]

O = o w2 O WD

P =
(=l =]

ra

Bridge ID
TrainingBridge
TrainingBridge2
TrainingBridge35
PCITrainingBridge1
PCITrainingBridge2
PCITrainingBridge3
PCITrainingBridged
PCITrainingBridge5
PCITrainingBridged
Example?
RCTrainingBridge1
TimberTrainingBridge
FSys GFS TrainingBridge1
FSys FS TrainingBridge2
FSys GF TrainingBridge3
FLine GFS TrainingBridge1
FLine F3 TrainingBridge2
FLine GF TrainingBridge3

TrussTrainingExample

Bridge list corresponding

to the selected folder

Exchange
Bridge NamY District County

Training Bridge 1{LRFD)

Training Bridge 2{LRFD)

Training Bridge 3{LRFD)

PCI TrainingBridge1(LFR)
PCITrainingBridge2(LRFD)

PCI TrainingBridge3(LFR)
PCITrainingBridge4(LRFD)

PCI TrainingBridge5(LFR)
PCITrainingBridge&(LRFD)
Example 7 PS (LFR)

RC Training Bridge1(LFR)

Timber Tr. Bridge (ASR)
FloorSystem GFS Training Bridge 1
FloorSystem FS Training Bridge 2
FloorSystem GF Training Bridge 3
FloorLine GFS Training Bridge 1
FloorLine F5 Training Bridge 2
FloorLine GF Training Bridge 3

Truss Training Example

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

Unknown  Unknown (F)
Unknown  Unknown (F)

Unknown  Unknown (F)

Unknown  Unknown (F)
Unknown  Unknown (F)
Unknown  Unknown (F)
Unknown  Unknown (F)
Unknown | Unknown (P)

Unknown  Unknown (F)




AASHTOWare Bridog

Design and Rating Visual Reference

AASHTOWare Bridge Design and Rating Environment Overview

Bridge Explorer Window

AASHTOWare Bridge Design and Rating

ERIDGE EXPLORER [ BRIDGE FOLDER RATE

Tools  view | —— Bridge Explorer tabs

Ij & Import @é

Mew © Batch v | g A Bxchange In —— Bridge Explorer ribbon
Q) Batch v commands
Bridge Manage Exchange
- Favorites Folder BID Bridge ID Bridge Name District County
- Recent Bridges 1| TrainingBridge1 Training Bridge 1(LRFD) Unknown | Unknown (P)
gi:ng;:tes 2 TrainingBridge? Training Bridg 2(LRFD) Unknown  Unknown (P)
... Deleted Bridges 3 TrainingBridge3s Training Bridge 3(LRFD) Unknown | Unknown (F)
4 PClTrainingBridge PCI TrainingBridge1(LFR)
5 PCITrainingBridge2 PCITrainingBridge2 (LRFD)
6| PCITrainingBridge3 PCI TrainingBridge3(LFR)
7 PClTrainingBridged PCITrainingBridge4(LRFD)
8| PClTrainingBridge5 PCI TrainingBridge5(LFR)
9 PClTrainingBridget PCITrainingBridge&(LRFD)
10 EBxample? Example 7 BS (LFR)
11 RCTrainingBridgel RC Training Bridge1(LFR)
12 | TimberTrainingBridgel Timber Tr. Bridge1 (45R)
13 FSys GFS TrainingBridge1 FloorSystem GFS Training Bridge 1 Unknown | Unknown (P)
14 FSys FS TrainingBridge2 FloorSystem FS Training Bridge 2 Unknown | Unknown (P)
15 | FSys GF TrainingBridge3 FloorSystem GF Training Bridge 3 Unknown | Unknown (P)
16 | Fline GFS TrainingBridge1 FloarLine GFS Training BEridge 1 Unknown | Unknown (F)
17 | Fline FS TrainingBridge2 FloorLine FS Training Bridge 2 Unknown | Unknown (F)
18 Fline GF TrainingBridge3 FloorLine GF Training Bridge 3 Unknown | Unknown (P)
19 TrussTrainingExample Truss Training Example
20 LRFD Substructure Example 1 LRFD Substructure Example 1
21 LRFD Substructure Example 2 LRFD Substructure Example 2




AASHTOWare Bridge Design and Rating Visual Reference

AASHTOWare Bridge Design and Rating Environment Overview

Bridge Workspace Window

Bridge Design/Rate
Workspace tree contextual tab Reporting tab .
P P g Ribbon
commands
E Bridge Workspacy - Visual Reference 1 AMNALYSIS REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW l [ DESIGN/RATE l [ REPORTING l
3 o 31 e
Walidate Close Export Refresh Open
Bridge Manage
Workspace X Schematic s X Report

ﬁ-ridge Companents

B M Visual Reference 1
& [ Companents
- [ Diaphragm Definitions
« [ Lateral Bracing Definitions
B &3 SUPERSTRUCTURE DEFINITIONS
B- brrf Typical Span

e | Impact/Dynamic Load Allowance
- 4 Load Case Description
-~ 457 Framing Plan Detail

-2 Bracing Deterioration

- B5C Bracing Spec Check Selection
- B Structure Typical Section

- ot Superstructure Loads

- [ Shear Cannector Definitions
B [ Stiffener Definitions
& [ MEMBERS
= &) BRIDGE ALTERNATIVES

\ -- {My Existing 2 Span Rolled Beam (E) (Cy

Bridge Workspace

free

Analysis




AASHTOWare Bridge Design and Rating Visual Reference

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.

Bridge Explorer Window

1. Click on 2. Click on
column location
heading to Bridge ID Bridge Name District ~ County Facility location | T+ heading to

sort the bridge 1| TrainingBridge1 raining Bridge 1{LRFD) Unknown  Unknown (P} SR 0051 Pittsburgh 0051 st sort
ID in 2| TrainingBridge2 raining Bridge 2(LRFD) Unknown  Unknown (P) | N/A N/A -1 N location in
ascending 3| TrainingBridge3s raining Bridge 3(LRFD) Unknown  Unknown (7) 179 pitsbugh  |0070 |0 ascending
order 4| PCTrainingBridge Cl TrainingBridge1(LFR) 1 order
5|/ PCITrainingBridge2 'ClTrainingBridge2(LRFD) -1
&| PCITrainingBridge3 Cl TrainingBridge2(LFR) -1
7| PCITrainingBridged 'CITrainingBridged(LRFD} -1
8 PCITrainingBridge5 'Cl TrainingBridge5(LFR) -1
9| PClMrainingBridge6 'ClTrainingBridge6(LRFD) -1
10| Example? ample 7 PS (LFR) -1
11| RCTrainingBridge1 C Training BridgeT1(LFR) -1
12| TimberTrainingBridge1 imber Tr. Bridge1 (ASR) -1
13| FSys GFS TrainingBridgel loarSystem GFS Training Bridge 1 Unknown  Unknown (P) | NJ-Turnpike| NICity -1
14| Fys FS TrainingBridge? loorSystem FS Training Bridge 2 Unknown  Unknawn (B) 1-95 NYC -1
15| Fys GF TrainingBridge2 loorSystem GF Training Bridge 3 Unknown  Unknawn (P} 1-95 ATL -1
18] FLine GFS TrainingBridgel loorline GFS Training Bridge 1 Unknown  Unknown (P)  I-73 JAX -1
17| Fline FS TrainingBridge2 loarline FS Training Bridge 2 Unknown  Unknown (P)  I-75 GNV -1
18] Fline GF TrainingBridge3 loorline GF Training Bridge 3 Unknown  Unknown (P)  1-G5 NY 15
19| TrussTrainingExample russ Training Example 5
20 LRFD Substructure Example 1 LRFD Substructure Example 1
21| LRFD Substructure Example 2 |LRFD Substructure Example 2 SR 4034 ERIECOUNTY | 4034 F
22| LRFD Substructure Example 3 |LRFD Substructure Example 3
23| LRFD Substructure Example 4 LRFD Substructure Example 4 (NHI Hammer Head) -1
24 Visual Reference 1 isual Reference 1 Unknown  Unknown (P)  I-76 WAITSFIELD I-76 M
25| Culvert Example 1 ulvert Example 1 STHE0
28] Curved Guide Spec urved Guide Spec Example(LFR) 1
27| MultiCell Box Examples ulti Cell Box Examples 100
28| Gusset Plate Example usset Plate Example Unknawn Some Highway
29| Splice Example plice Example -1
3. Select 30| Simple DL-Cont LL-Splice imple DL Splice Unknown  Unknown (P) N, b -1 N
bridge 4—[ > | 31\ MetalCubvertbample] etalCulvertExample 1 1 ]
from list

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 res

ized.




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 / \ ﬁ C-omponentr. \
,g- ) Companents = @ Aﬁppurbenances
§ S2-RE-82 TYPEA/R - [ Generic
- T 36WF(B36a),36%16.5x250 @ Median
- "7 3/8 inch Weld to Diaphragm [PJ Pafa.-pet
- "3l 3/8 inch Weld To Web - IL’_‘) Railing
- LFE 1996 AASHTO Std. Specifications | || | |l .7 8 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 1063 data start | LRFD?ubstructure Design Settings
; a Diaphragm Definitions \ at th.e o - Eﬁ Matenals.
- B Lateral Bracing Definitions P B Aluminum
= ) SUPERSTRUCTURE DEFINITIONS and work [ Concrete
B ‘v Typical Span down [ Prestress Bar

ﬁ Prestress Strand
- @ Reinforcing Steel
B’ Sail

- [ Structural Steel

- E;J Timber

- =} Impact/Dynamic Load Allowance
- 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

- Taz \ /

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.

E Bridge Workspace - Visual Reference 1 ANALYSIS REPORTS ?

ERIDGE WORKSPACE WORKSPACE TOOLS WIEW DESIGN/RATE REPORTING

BT = =

Close Export Refresh Open Schematic

Bridge Manage

Workspace

X
X

Schematic

Bridge  Companents Framing Plan
E M Visual Reference 1 B¢ BT WE
B [ Companents —_—
- [ Diaphragm Definitions Visusl Referance 1
| Lateral Bracing Definitions e s - sl Span
&[5} SUPERSTRUCTURE DEFINITIONS Tonzz00e
To open 2 hyef Typical Span
Frammg Plan - Impact/Dynamic Load Allowance
schematic ey

2ii Load Case Description 21478
45 Framing Plan Detail
Bracing Deteriaration

- BSC Bracing Spec Check Selection - s )
~ T Structure Typical Section i ' ' /

1350 deg.

- st Superstructure Loads & \ -
L3

7,
% ¢
[ Shear Cannector Definitions ﬂ;‘ﬁ/ = é(&
- [ Stiffener Definitions ' ‘-’)a/ 1 = e s
&

= ) MEMBERS A iy a2 PER S
) g/ 1 1 ! "3/
- Ia “ « e,
- I a3 2 P
- I G4(G2)
I G5(G1)
E- | BRIDGE ALTERNATIVES
™ Existing 2 Span Rolled Beam (E) (C)

1350deg.

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 - G3: Center Girder User-defined Std live load distribution factors will be
4 @ Typical Span used.

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

Info - Capacities determined using AASHTO Std Specifications 17th Edition

Info - Ratings determined using AASHTO MBE Specifications 3rd Edition, 2023

4 @ GIRDER-SYSTEM MEMBERS

@ G1 [Outer Girder]

Interims
i 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] . 7 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!
Errar - Analysis failed!

Analysis Event ©

Close

10



AASHTOWare Bridge Design and Rating Visual Reference

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.

E Bridge Workspace - Visual Reference 1 AMNALYSIS REPORTS ?

ERIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

i 3 =
Validate Close Export Refresh Open

Bridge Manage
Schematic Analysis
Workspace & X Report
EBridge Companents Validation - Visual Reference 1
B D Visual Reference 1
B [ Components Total Number of Messages: =0 |=® MNumber of warnings
- [Fﬂ Diaphragm Definitions umber of Information Messages: 33
- [ Lateral Bracing Definitions Number of Warning Messages: 17
- [ SUPERSTRUCTURE DEFINTIONS MNumber of Error Messages: o
B e Typical Span
j Impact/Dynarnic Load Allowance / \
- 5t Load Case Description Bridge: Visual Reference 1 . L.
. 45 Framing Plan Detsil Existing bridge alternative: Existing 2 Span Rolled Beam
g 3 Current bridge alternative: Existing 2 Span Rolled Beam
[ Bracing Deterioration Existing 2 Span Rolled Beam (Bridge Alternative)
- B5C Bracing Spec Check Selection Span 1 (Superstructure)
I Structure Typical Section Existing supelstruci‘umaalltemative: Ro]]llzié Beam Span
Current superstructure alternative: Ro! Beam Span
#r Superstructure Loads_ . Rolled Beam Span (Superstructure Alternative) Summary of
- [ Shear Connector Definitions Typical Span (Superstructure Definition) = bridge
[ stiffener Definitions No errors or warnings. It ti
= ) MEMBERS Span 2 (Superstructure) ) allernatives
TG Existing superstructure alternative: Rolled Beam Span
Current superstructure alternative: Rolled Beam Span
Ic2 Rolled Beam Span (Superstructure Alternative)
- IG3 Typical Span (Superstructure Definition)
- I G4(G2) No errors or warnings.
L. T Gsen Warning: No substructures defined.
. ‘Warning: No culverts defined.
= | BRIDGE ALTERNATIVES Typical Span (Girder System Superstructure Definition)
ER Y Existing 2 Span Rolled Beam (E) (C) Girder Members
B+ [ SUPERSTRUCTURES G1 (Girder Member) . )
B Span 1 Existing member alternative: Outer Girder
: P: Current member alternative: Outer Girder
T Span 2 Outer Girder (Member Alternative)

‘Warning: Lateral support ranges are not defined.
‘Warning: Haunch ranges not%eﬁned_
‘Warning: No points of interest defined.
Gz (Girder Member)
Exasting member alternative: Inner Girder

‘Warning: Shear connector ranges are not defined.
Warning: Composite deck values have been defined but shear
connectors have not. Check for correct composite action. Warnings

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.

D_>110' 8222 B | Eridge Workspace - Visual Reference 1 ANALYSIS REPORTS
Bridge Design & Rating % BRIDGEWORKSPACE ~ WORKSPACE ~ TOOLS ~ VIEW  DESIGN/RATE  REPORTING
'QI Save changes to Visual Reference 17 E ﬁ & ﬁ B
- = — Save % Revert Close Export Refresh Open
l . N\ or click to save
e Bridge Manage
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)
Tarminma Thanm anmmantae rammnc amn nad dofimad A
| Continue Saving I Cancel Save Operation

! !
Click to save Click to go back
to workspace

12



AASHTOWare BrDR 7.5.1

Library Tutorial
LIB1 - 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
e 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
o  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:

e AASHTO LRFD Bridge Design Specifications

e AASHTO Manual for Bridge Evaluation

e AASHTO Standard Specifications for Highway Bridges

e AASHTO Standard Specifications for Transportation Materials

e AISC Manual of Steel Construction

e PCI Precast Prestressed Concrete Bridge Desigh Manual

Last Modified: 7/17/2024 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: 7/17/2024 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
& nhgt;rals' 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
[ Prestress Bar Standard | US Customary Grade TOW - Fu = 85 ksi AASHTO M270 Grade TOW - Fu = 85 ksi
[ Prestress Strand . . R R
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‘;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
@ Tee Standard | US Customary ASTM A514 - over 2 1/2" to 4% incl. ASTM A 514 - over 2 1/2" to 4" thick, inclusive
=[5 Timber Shapes
'@ 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
- Nen Standard Gage > 5
- [ Standard Gage v

Last Modified: 7/17/2024 3




LIB1 — Libraries

Exercise

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

E AASHTOWare Bridge Design and Rating

BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW

) 3 Select Al =A [=| UsCustomary v
o ¥z E
Refresh Sort  Select

By~ Columns

Bridge Explorer View

Library | Configuration

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

Br | LIBRARY
BRIDGE EXPLORER | LIBRARY
L] a

Mew Cloze

Manage

[

-2 Appurtenances

Ef]' Connectors

-~ Corrugated Metal Panel

Eﬂ' Factors

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

E‘.’j Aluminum

E‘fj Concrete

Eﬂ Prestress Bar

Eﬂ' Prestress Strand

[ Reinforcing Steel

@ Soil

- [ Structural Steel

- Timber

- [ Wearing Surface

Ef} Metal Box Culvert
- [ Metal Pipe Culvert
- [ Prestress Shapes
[ Steel Shapes

- [ Timber Shapes

- [ Vehicles -

o I I g I g N |

Last Modified: 7/17/2024 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.

=
ﬂ LIERARY AASHTCWare Bridge Design and Rating

BRIDGE EXPLORER LIBRARY

L] a

New Close
Manage
& [ Appurtenances Library Units Name
[+ @' Connectors
B Cormugoted Metal Paned Standard | SI/ Metric Grade 250
& Factors Standard | SI/ Metric Grade 345
[/ LRFD DF Applicability Ranges Standard | SI/ Metric Grade 345w/
- [Z) LRFD Substructure Design Settings
- B3 Materials Standard | 31/ Metric Grade 485W
-2 Aluminum Standard | SI/ Metric Grade 690 <= 65 mm
- & Concrete Standard | SI/ Metric Grade 690W <= 65 mm
@' Prestress Bar
- [ Prestress Strand Standard | S/ Metric Grade 690 - > 65 to 100 incl.
- [ Reinfordng Steel Standard | SI/ Metric Grade 60W - » 65 to 100 incl.

B sail
- [ Structural Steel
[ @' Timber

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

. [ Timber Shapes
£ [ Vehicles

L

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

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

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

Materials: Structural Steel: New ltem 2
MName: Steel 1
AASHTO M2T0 50W

Description:

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

Last Modified: 7/17/2024 5

Store units as Library
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Save Close
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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.

-
E LIERARY AASHTCWare Bridge Design and Rating ? = o
BRIDGE EXPLORER LIBRARY
L] (%]
New Close
Manage
[ Appurtenances Library Units Name Description
B2 Connectors Standard US Customary ASTM A588 - > 4" to 5" incl. ASTM A 388 - over 4" to 5" thick, inclusive
ﬁ' Corrugated Metal Panel
[ Factors Standard US Customary ASTM AST2 - 11/2" max, Fy = 55... | ASTM A 572 - 1 1/27 thick max, Fy=53 ksi
- LRFD DF Applicability Ranges Standard US Customary ASTM AST2 - 1" max, Fy = 60 ksi | ASTM A 572 - 17 thick max, Fy=60 ksi
[ LRFD Substructure Design Settings .
. Standard US Customa ASTM A242 - > 11/2"to 4% incl. ASTM A 242 - over 1 1/2" to 4" thick, inclusive
- Materials v
- [ Aluminum Standard US Customa ASTM A440 - > 1 1/2" to 4% incl. ASTM A 440 - over 1 1/2" to 4" thick, inclusive
i
"-g{:uncrele Standard US Customary ASTM Ad441 - > 11/2" to 4" incl. ASTM A 441 - over 1 1/2" to 4" thick, inclusive
- [ Prestress Bar
Standard US Custema ASTM A3T2 - > 11/2" to 4% incl. ASTM A 572 - over 1 1/2" to 4" thick, inclusive
E’ Prestress Strand s
-2 Reinforcing Steel Standard US Customa ASTM A588 - » 5"to 8" incl. ASTM A 588 - over 5" to 8" thick, inclusive
b
g:‘s:“ I Standard US Customary AASHTO M188 AASHTO M 188 or ASTM A 441- »47 to 8" thick, incl...
ructural Steel
Timber Standard US Customa ASTM A6 ASTM A 36
v
[ Wearing Surface Standard US Customa ASTM A441 - > 4" to 8" incl, ASTM A 441 - over 4" to 8" thick, inclusive
[ weld v
el
- Metal Box Culvert Standard US Customary ASTM AST2 - <= 3/4" Fy =50 ksi | ASTM A572 - 3/4" and under, Fy=50 ksi
B Metal Pipe Culvert Standard US Customa ASTM AS8E - <= 4" Fy = 50 ksi ASTM A588 - 4" and under, Fy=50 ksi
P b i ¥
il @ Prestress Shapes Standard US Customa Steel - Carrugated Structural plate (thickness 0.176"-0.250")
- @ Steel Shapes - 2 E
B[ Timber Shapes Agency Defined | US Customary Stesl 1 AASHTO M270 50W
B [ Vehicles

Last Modified: 7/17/2024 6

4



LIB1 — Libraries

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: 7/17/2024 7
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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: 7/17/2024

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

B LIBRARY AASHTOWare Bridge Design and Rating

BRIDGE EXPLORER LIBRARY

BREESN (x|

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: 7/17/2024 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

Ef]' 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: 7/17/2024 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

Ij‘;'\@ﬁ &

New Duplicate Open Delete Close

Manage

BB Appurtenances Library Units Name Description
@ Generic

@' Median
- (&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

Agency Defined | US Customary Jersey Barrier Standard New Jersey Barrier

T

Last Modified: 7/17/2024 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

L] a

New 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

v
& Timber Shapes
=5 Vehicles
r B Non Standard Gage
----- [ Standard Gage
. 4

Last Modified: 7/17/2024 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 Gage
Axle no. load dist,
(kip) (ft)
> 1 8.00 6.00
2 32.00 6.00
3 32.00 6.00
Totals:

A A o

Last Modified: 7/17/2024

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

Axle
spacing

(ft)

Minimum

MNew

14,00
14.00

Stare units as

o

Maximurm

Duplicata

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

14,00
30,00

us

Sl

Delete

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

Library

o Agency defined
User defined

Meotional vehicle

Rating

LRFD

ASR/LFR
LRFR

Design

LRFD

ASD/LFD

Save Close
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Vehicle: Standard Gage: New ltem

s

AASHTO H20-16 Loading, 1944 Edition

Mame: Wehicle 1
Description:
Truck Tandem Lans

Load per axle line

Uniform lane load:

Concentrated load for moment: 18,

Concentrated load for shear:

0.640

26.0

kip,/ft
kip
kip

Add a second, equal magnitude concentrated load in
one other span to determine maximum negative
moment for continuous spans

X
Store units as Library
Ous
Sl o Agency defined
User defined

[:] Notional vehicle
Rating

LRFD

ASR/LFR
LRFR

Design

LRFD

ASDYLFD

Save Close

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

Vehicles/Standard Gage.

-
er | LIBRARY

ERIDGE EXPLORER

=0 -

MNew Duplicate Open Delete  Schematic

LIBRARY

Manage

- Appurtenances
- Connectors
@ Corrugated Metal Panel
(- Factors
- LRFD DF Applicability Ranges
[ LRFD Substructure Design Settings
[]--@ I aterials
@ Ietal Box Culvert
- Metal Pipe Culvert
-2 Prestress Shapes
- [ Steel Shapes
- [ Timber Shapes
= Vehicles
B Non Standard Gage
-3 Standard Gage

[
[
[
[

x|

Close

AASHTOWare Bridge Design and Rating

Last Modified: 7/17/2024

Library Units Narne Description

Standard US Customary sU4 5U4 - Single-Unit Bridge Posting Loads
Standard US Customary sUs SU5 - Single-Unit Bridge Posting Loads
Standard US Customary sue SU8 - Single-Unit Bridge Posting Loads
Standard US Customary surT SU7 - Single-Unit Bridge Posting Loads
Standard US Customary Ev2 2 Axle FAST Act Emergency Vehicle 2016
Standard US Custormary EV3 3 Axle FAST Act Emergency Vehicle 2016
Agency Defined | US Customary Vehicle 1 AASHTO H20-16 Loading, 1944 Edition

14
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STL2 — Two Span Plate Girder Example |



STL2 — Two Span Plate Girder Example
STL2 - Two Span Plate Girder Example

37-0"
34'-0" oL 16"
gl

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

1-6"

[ 3-6" | 3 spaces @ 10'-0" = 30'-0" . 3-6" |
[ T i l
CL Field Splice
27'-0"
CrossFrame 2 spaces @ 37'-0" | 16'-0" 16'-0" | 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: 7/23/2024 1



STL2 — Two Span Plate Girder Example

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
7 7 7 . N
[
[
|
|
|
Cross =
Frame
Spacing 2 Spaces @ 37'-0 = 74'-0" . 16'-0" 16'-0" . 2 Spaces @ 37'-0 = 74'-0"
i i
Bottom 63'-0" . 54'-0" . 63'-0"
Flange 7/8" x 16" T 11/2"x16" T 7/8" x 16"
90'-0" 90'-0"
Spanl Span 2
CL End CL Pier CL End
Bearing Bearing

Last Modified: 7/23/2024

Elevation of Interior Girder




STL2 — Two Span Plate Girder Example

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: 7/23/2024 3



STL2 — Two Span Plate Girder Example

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: 7/23/2024 4



STL2 — Two Span Plate Girder Example

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
) Appurtenances
[ Beam Shapes
[:fj Connectars
Ej Factors
[E7 LRFD Substructure Design Settings
k2 Materials
~ [ Aluminum
E}‘ Concrete
ET Prestress Bar
E—T Prestress Strand
& Reinforcing Steel
B Soil
ET 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.

o | Bridge Workspace - 25panPlateGirderTr ANALYSIS REPORTS ? - o x

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

H x P 3

Save Close Export Refresh New

Bridge Manage

Worlspace # X | Schematic # X || Report X

Bridge  Components
= & Compenents
- [ Appurtenances
[ Beam Shapes
[ Connectors
- [ Factors
~ [E) LRFD Substructure Design Settings
- (&3 Materials
B Aluminum
7 Concrete
[a Prestress Bar Analysis
[ Prestress Strand
[ Reinforcing Steel
B soil

[ Structural Sts

[ Timber | New

s
X

« Detailed Report

{54 General Preferences
& close Bridge Workspace

Last Modified: 7/23/2024 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 50W 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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STL2 — Two Span Plate Girder Example

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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i Bridge Materials - Concrete

Mame: Class A (US)

Description:  Class A cement concrete

Compressive strength at 28 days (f'c):
Initial compressive strength (fei):
Compaosition of concrete:

Density (for dead loads):

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

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

LRFD Maximum aggregate size:

Compute

5td 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:

4,0000006

0.000006

3644149254

3086.548657

0.479857

1

Copy to library...

ksi

kecf

kecf

/F

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).

ﬂ Bridge Workspace - 2SpanPlateGirderTr AMALYSIS REPORTS ? = m} *

ERIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

=] xS 19

Save Close Export Refresh New
Bridge Manage
Workspace =X Schematic LS Report & X
Bridge Companents
En ) Components
- &) Appurtenances
- [ Generic
- [ Median
[} Parap
“ [ Railing | New I p X
- @Beam Sha 24 Analyze »
- [ Connector T
- [ Factors [@ View Summary Report
&7 LRFD Subs! [@] View Detailed Report
+ [ Miaterizls 13} General Preferences
&l Close Bridge Workspace
Enter the parapet details as shown below.
™ Bridge Appurtenances - Parapet - a *
Mame: Standard Parapet
Description:
All dimensicns are in inches
- Additional load: kip/ft Parapet unit load:
0.15 kcf
4
g —l ‘ |— 5 Calculated properties
Reference . " 7] Roadway Met centroid (from
Line v Surface reference ling):
6397 in
32 Total load:
L4
F Y 0.536 kip/ft
v
F
Back Front =
Copy from library... Apply Cancel

Click OK to apply the data and close the window.
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The default 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.

&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 Madeling
O Multi-girder system MCB
With frame structure simplified definitioi
Description:
Deck type:
Concrete Deck
Default units: US Customary Enter span lengths For PS/PT anly
along the reference X
Number of spans: 2 o line: Average humidity:
Number of girders: 4 = Length %
Span
(f)
N n - Member alt. types
W al
Z © B st
Timber
Horizontal curvature along reference line
Haorizontal curvature
Superstructure alignment
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.

n Superstructure Definition = [m] pad

Definition  Analysis =~ Specs Engine

Structural slab thickness Number of shell elements
Rl 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 [ ]

Consider wearing surface for design

Target aspect ratio for shell elements
Consider striped lanes for rating

R line Gird Slower Faster
: Line Girde w
Default analysis type: Line Girder More accurate Less accurate
Longitudinal loading L]
! . . . . '
o L5 2 25 3 as
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 an ontrol options N 1 90 01
LFR: Medel non-composite regions as non-composite 5 90 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 (stress + 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
- i+ Load Case Description
- A& Framing Plan Detail

- @ Bracing Deterioration

- BSC Bracing Spec Check Selection
- BT Structure Typical Section
g Superstructure Loads

= Ej Shear Connector Definitions
B [ Stiffener Definitions
B [ MEMEBERS
- &) BRIDGE ALTERNATIVES
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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).

or | Bridge Workspace - 25panPlateGirderTr ANALYSIS REPORTS ? - o %

BRIDGE WORKSPACE 'WORKSPACE TOOLS VIBW DESIGN/RATE REPORTING

H % P L]

Save Close Export Refresh New

Bridge Manage

Workspace # X | Schematic % X | Report & X

Bridge  Components

B D 25psnPlateGirderTr

[ Components

- [ Diaphragm Definitions

[ Lateral Bracing Definitions

- MFFLRFD Multiple Presence Factors

EC Environmental Conditions

- D Design Parameters

) SUPERSTRUCTURE DEFINITIONS
Yrrf 2 Span 4 Girder System

) BRIDGE ALTERNATIVES.

Analysis & X

| New
[# Analyze
@ View Summary Report

[@l view Detailed Report

6 General Preferences
[ Close Bridge Workspace

Enter the following data.

™ EBridge Alternative = (m] X

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.

E Bridge Workspace - 25panPlateGirderTr ANALYSIS REPORTS 7 — a x
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING
H:e-@ec |
=
Save Close Export Refresh New
Bridge Manage
Workspace £ X Schematic 2 X Report & K
Eridge Components
E- ™ 25panPlateGirderTr
- [ Components
- B Diaphragm Definitions
= [?) Lateral Bracing Definitions
WFF LRFD Multiple Presence Factors
- EG Environmental Conditions
- BF Design Parameters
|5 SUPERSTRUCTURE DEFINITIONS
B b 2 Span 4 Girder System Analysis 2 X
- &) BRIDGE ALTERNATIVES
B- . EBridge Alternative 1 (E) (C)
~ [EJ SUPERSTRUCTURES
= Stiffness Analysis | Mew I
7 PIERS ) Analyze
@ Summary Report
|Ql View Detailed Report
';,3} General Preferences
[Ed Close Bridge Workspace
M Superstructure = a X
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
QK 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.

or | Bridge Workspace - 25panPlateGirderTr ANALYSIS REPORTS ? - O X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

H x-S |

Save Close Export Refresh New

Bridge Manage

Workspace » X P X

B
X

Bridge  Components

B ¢ 25panPlateGirderTr

[ Components

[ Diaphragm Definitions

(7 Lateral Bracing Definitions

HPF LRFD Multiple Presence Factors

EC Environmental Conditions

OF Design Parameters
i 9 SUPERSTRUCTURE DEFINITIONS
Vrrf 2 Span 4 Girder System
- 2 BRIDGE ALTERNATIVES
Bl @ Bridge Alternative 1 (£) (C)
[ SUPERSTRUCTURES
T Superstucture 1
" [ SUPERSTRUCTURE ALTERNATIVES.
4 Stiffness Analysis

[ PIERS

{5 General Preferences
B 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 X
Alternative name: Superstructure Alternative 1

Description:

Superstructure definition: 2 Span 4 Girder System ~

Superstructure type!

MNumber of main members:

Length
Span
? )
1 ag
2 a0

CK 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

ERF Y 25panPlateGirderTr

- [ Companents

2 Diaphragm Definiticns

- [ Lateral Bracing Definitions

- MFFLRFD Multiple Presence Factors

- EC Environmental Conditions

- OF Design Parameters
- &) SUPERSTRUCTURE DEFINITIONS
- brrf 2 Span 4 Girder System
- |2 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 ~

Add default load

*Prestressed members only -
case descriptions

New Duplicate Delete

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

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 o
Girder bay: Copy bay to.. wizard..
Start ) End
Support distance DEFIEI | prmios Length distance Load Diash
number (ft) sp?fct:llng 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
b !

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).

e | Eridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? = (m} >

TOOLS

d&C

Close Export Refresh

VIEW DESIGN/RATE REPORTING

ERIDGE WORKSPACE WORKSPACE

=

Save

=

Cpen Schematic

Eridge Manage

Workspace X Schematic = X Report o K
Eridge
Ry 25panPlateGirderTr
B [ Companents
- B Diaphragm Definitions
- [ Lateral Bracing Definitions
- MFFLRFD Multiple Presence Factors
- EE Environmental Conditions
- DF Design Parameters
B &) SUPERSTRUCTURE DEFINITIONS
- brf 2 Span 4 Girder System
j Impact/Dynamic Load Allowance

Components

-t Load Case Description
- 2% Framing Plan Deta’!

]
X

Analysis

B

- BSC Bracing Spec Cheg
m Structure Typical §
e Superstructure Lo
- [ Shear Connector
[ [ Stiffener Definitior
B B MEMBERS

[ BRIDGE ALTERMATIVES

@ Bracing Deteriorat =5

Open
[+ Analyze
@ View Summary Report

] View

Detailed Report

Schematic
{5k General Preferences
Ed Close Bridge Workspace
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The following schematic is displayed.

Schematic
Framing Plan
B haqe @E o o .

=T
serTraining - 2 Span 4 Girder System

800"

F <—GU Ddeg. T ‘/‘—GU 0 deg. (EU.C deg.
EY *. T 1) x T A\
1 1z i3 14 -5 5
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
& i H g i H K
-] i 1 2 1 1 2
i 1 i |
— 3 3
21 -3 e 4 35 a5 7
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

Distance frarm left edge of deck ta | Diztance from right edge of deck ta
superstucture definition ref. line | superstructure definition ref. line

I
Superstructure Definition
Deck h— p
\ , thickness ! Reference Line /

Computed right overhang:

1 1
Lettavethang |, — ;._J Right averhang
Deck Deck (cont'd) Parapet Median Railing Generic Sidewalk Lane position
Superstructure definition reference lineis  within ~  the bridge deck.
Start End
Distance from left edge of deck to qoc
185 ft 185 ft
superstructure definition reference line:
Distance from right edge of deck to oc P 185 &
superstructure definition reference line: - -
Left overhang: 3.5 ft 35 ft

Striped lanes

Wearing surface

Cancel
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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
Left overhang Right overhang
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: 3
Deck exposure factor:
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
& -
[B), 4 Superstructure Definition Reference Line
Travelway 1 ‘ Travelway 2 »
Deck Deck (cont'd) Parapet Median Railing Generic Sidewalk Lane position Striped lanes Weari urface
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) (f) (ft)
> 1 = 17 -17 17
LRFD fatigue
Lanes available to trucks:
Override  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 Structure Typical Section (&l
Distance from left edge of deck to i Distance fram right edge of deck to
superstructure definition ref. line | superstructure definition ref. line
i
Superstiucture D efinition
Deck b—
\ th?ccknsss I Reference Line /
T 1
Leftovethang |, — ;._.I Right overhang
Deck Deck (cont'd) Parapet Median Railing Generic Sidewalk Lane position Striped lanes Wearing surface
Wearing surface material:
Asph
Description:
Wearing surface thickness: 273 in Thickness field measured (DW = hecked)
Wearing surface density: 108 pef
Load case: DW e 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).

o | Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS ? - O X

BRIDGE WORKSPACE WORKSPACE TooLS VIEW DESIGN/RATE REPORTING

H BT & =

Save Close Export Refresh Open tz| Schematic

Bridge Manage

Warkspace £ X || Schematic % X | Report & X

Bridge Compaonents

E- M 2SpanPlateGirderTr

- ¥ Components

-2 Diaphragm Definitions

. [fﬂ Lateral Bracing Definitions

+ MFF LRFD Multiple Presence Factors

- EC Environmental Conditions

- DF Design Parameters

- [ SUPERSTRUCTURE DEFINITIONS

B \ppf 2 Span 4 Girder System
o :1‘ Impact/Dynamic Load Allowance
- 3& Load Case Description Analysis
- 4ZF Framing Plan Detail
- [ Bracing Deterioration
- BSC Bracing Spec Check Selection
- T Structure Typical Sectio
~ ot Superstructure Loads | [ Open
- [E¥ Shear Connector Defini

- [ Stiffener Definitions
#- ¥ MEMBERS
#- [ BRIDGE ALTERNATIVES [8] View Detailed Report

2% General Preferences

[ Close Eridge Workspace

z
X

[ Analyze
[ View Summary Report

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

Schematic - 0O X
Eridge Typical Section
B EaQe | @EHL o o )
2SpanPlateGirderTr
2SpanPlateGirderTraining - 2 Span 4 Girder System
7772024
. 37" .
. 340" .
'|| ;~Deck Thickness & 1/2" 2 3/4" Asphali—, | [
I\ / Travelway 1 "'* J
Ad
L o6" J_ J@10-0" = 300" l 3-8"
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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 - 25panPlateGirderTr ANALYSIS REPORTS ? — a X

BRIDGE WORKSPACE WORKSPACE TOOLS WIEW DESIGN/RATE REPORTING
- P B
(| & & 87 L |
Save Close Export Refresh New

Bridge Manage

Workspace = X Schematic

L]
X
Lol
X

Report

EBridge Components
El- @ 2SpanPlateGirderTr
& [ Companents
- [ Diaphragm Definitions

[a Lateral Bracing Definitions

WFF LRFD Multiple Presence Factors
-+ EC Environmental Conditions
- OF Design Parameters
- |5 SUPERSTRUCTURE DEFINITIONS
B beef 2 Span 4 Girder System

=} Impact/Dynamic Load Allowance

T,ﬂ' Load Case Description
- £ Framing Plan Detail ) N
@ Bracing Deterioration Analysis # X

BSC Bracing Spec Check Selection

1 Structure Typical Section
- e Superstructure Loads
@ Shear Connector Definitions
[= | Stiffener Definitions
r [ Bearing
- [ MEMBERS
& [ BRIDGE ALTERNATIV

v Detailed Report

{8 General Preferences

Ed Close Bridge Workspace

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

OK | | Cancel

Last Modified: 7/23/2024 26



STL2 — Two Span Plate Girder Example

Define the stiffener as shown below.

D Transverse Stiffener Definition a X
MName: 2 Sided Dia Conc PL
Stiffener type Top gap: | —
Single in ]
Q rair Width:
6 in —
Plate
Thickness: 075 in
Material: Grade 50W ~ Bottam gap: .
in ]
Welds
Top: -- None -- s
Web: -- None -- W
Bottom: -- None -- v
oK 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.

o | Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS H - a X

BRIDGE WORKSPACE 'WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

d de < [

Save Close Export Refresh New

Bridge Manage

Workspace & X P X

X
x

Bridge  Components

= @ 25panPlateGirderTr
B ¥ Companents

- [ Diaphragm Definitions

- [ Lateral Bracing Definitions
HPF LRFD Multiple Presence Factors
€2 Environmental Conditions

oF Design Parameters
- ) SUPERSTRUCTURE DEFINITIONS
B hrrf 2 Span 4 Girder System
- Impact/Dynamic Load Allowance
- a Load Case Description
&F Framing Plan Detail
- [ Bracing Deterioration
- BSC Bracing Spec Check Selection
T Structure Typical Section
e Superstructure Loads
[£? Shear Connector Definitions
B (63 Stiffener Definitions
- &9 Transverse
... I 2 Sided Dia Canc PL
- [ Bearing:
& [ MEMBERS
- [ BRIDGE ALTERNA]

¥
e

MNew

General Preferences

B & B ek

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 n 9_k_ %Hé "
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.

)

I Y S T A

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:

Girder property input method End bearing locations
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: %

Default units: U5 Custom

Simple DL, continuous LL

[}

Cancel

X

Last Modified: 7/23/2024
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Navigate to the Control options tab of this window and select the options as shown below.

™ Member Alternative Description

Member alternative: Plate Girder
Description Specs Factors Engine  Import
LRFD

Points of interest
ﬂ Generate at tenth points

ﬂ Generate at section change points
ﬂ 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
Consider deck reinf. development length
Must consider user input lateral bending stress

Consider concurrent moments in Cb calculation
Distribution factor applicaticn method
By axle

O syral

LFR
[E31 Points of interest
ﬂ Generate at tenth points

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

&1 Distribution factor application method
By axle

Q =ro

Control options

Consider tension-field action in stiffened web end panels

LRFR
I Paints of interest
ﬂ Generate at tenth points

n Generate at section change points
ﬂ Generate at user-defined points
Generate at stiffeners
Allow moment redistribution
Use Appendix A6 for flexural resistance
Allow plastic analysis
Evaluate remaining fatigue life
Ignore long. reinf. in negative moment capacity
Include field splices in rating
Consider deck reinf. development length
Consider tension-field action in stiffened web end panels
C] Must consider user input lateral bending stress

Consider concurrent moments in Cb calculation
1 Distribution factor application methed
By axle

O &y rol

ASR
3 Paints of interest
ﬂ Generate at tenth points

Generate at section change points

ﬂ 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

QK 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 Thl;il:;ess itsnp;:r distance Le{r;tg)th distance Material W:Iitat
{in) (in) () (f) g
? 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 90 | Grade S0W - None w
New 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 ~ 4] 63 63 | Grade 50W ~ |--MNone-- -~ |--None-- -~
16 16 11 v 63 54 117 | Grade 50W  ~ |--None-- ~ |-- None--
¥ 12 12 0752 v 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 63 ~ | --None-- ~ |--None--
16 16 1501 v 63 54 117 | Grade 50W | -- None-- ~ |--None--
16 16 0875 2 v 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.

M Deck Profile = [m] el
Type: Plate
Deck concrete Reinforcement Shear connectors
. tnd | Structur) Strteffective  End effective | Start effective  End effective
Moterial Support | = Length |“ lh’“i U3 flange width  flange width | flange width  flange width
atend number 'S(;;‘EE if) ‘SE;;“E '((in';“s (Std) [5td) {LRFD) (LRFD)
{in) (in) (in) (in)
>|ClassAUS) v |1~ o 180 180 ) 9% % 120 120 8
! A_:r.npu'.af'.cm New Duplicate Delete
oK Apply Cancel
Enter the reinforcement data as shown below.
@y Deck Profile - u] X
Type: Plate
Deck concrete  Reinforcement  Shear connectors
ail n - Bar
Material :‘:fnpg’;: distance Le(”fgth distance bafggum D;Rcﬁm Rt D‘S(tl‘:;“e Row spacing
(ft) (ft) (in}
> Grade80 ~ [1 63 54 17 6.24 624[9 297 | TopofSlab v
1 v 63 54 17 416 4169 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 in2.
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Composite regions described in the Shear connectors tab as shown below.

M Deck Profile

Type: Plate

Deck concrete

Support
number

I v

Shear stud
design tool

Reinforcement

Start

| S

0 180

View
cales

Shear connectors

End

Connector

distance

(/)

D

180 | Composite ™

spaces

Number of | Number per

row

Transverse
spacing

{in)

Duplicate

Apply

Delete

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

Haunch type: Embedded flange

Nal
71 Z1
77 77
Start End
iifnpt::: distance Lar;tg:llh distance (izr;l) (.Zr?) (:n)
(ft) (i)
> e 0 180 180 8 8 2

Duplicate

QK Apply

Delete

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.

M Lateral Support
L
i i
Z]_L Start Digtance o Length
¥ -.- X
Ranges Locations Flange lateral bending
Top flange
Support _Star‘t Length _End
number distance ) distance
(ft) (ft)
> V 0 180 180

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.

4D, Stiffener Ranges - o x
T _Start Distancs | Snaring
I
Transverse stiffener ranges | Longitudinal stiffener ranges
Start End
Nam f“:':ﬂp:; distance N‘;m:’;'s” 5"::')”9 LE&S”’ distance
) F &)
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

L 4 (lffsets
L]

I
!
| *Negative 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

Open the Live Load Distribution window from the Bridge Workspace tree. Click the Compute from typical
section... button to compute the standard live load distribution factors.

4 Live Load Distribution = a X

Standard LRFD

Distribution factor input method

o 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

Lanes (wheels)
loaded
Shear Szl Moment Deflection
supports
1lane 14285714 14 14285714 0.5
Multi-lane 18181818 2 18181818 1

Compute from

- - View calcs
typical section... =

QK Apply Cancel

LRFD distribution factors are computed by the BrDR engine using the girder system structure definition.
Interior (LFR wheels)

Lanes Loaded Shear Shear at Support Moment Deflection
1 lane 143 14 1.43 0.5
Multi-lane 1.82 2.0 1.82 1.0

Interior (LRFD lanes)
Lanes Loaded Shear Shear at Support | Pos. Moment | Neg. Moment | Deflection
1 lane 0.76 0.76 0.480 0.499 0.3*
Multi-lane 0.952 0.952 0.692 0.720 0.5

*includes 1.20 multiple presence factor

Live load distribution factor calculation details can be viewed by clicking the View Calcs button.
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The description of an interior beam for the structure definition is complete.

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).

o | Bridge Workspace - 2SpanPlateGirderTr ANALYSIS REPORTS. ? - [u} £3

BRIDGE WORKSPACE 'WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

FH--BSS & (T 3 B -

Validate Save Close Export Refresh Open Copy Duplicate Delete | Schematic

Bridge Manage

Workspace % X || Schematic % X | Report

%
X

Bridge  Components
[ 2SpanPlateGirderTr
# [ Components
7 Diaphragm Definitions
~ [ Lateral Bracing Definitions
- MPFLRFD Multiple Presence Factors
£C Environmental Canditions

OF Design Parameters
3 SUPERSTRUCTURE DEFINITIONS
Arrd 2 Span 4 Girder System Py Expand Branch
+ 7 Impact/Dynamic Load Allow| @ Collapse Branch
~ i Load Case Description (= Open
& Framing Plan Detail
+ [ Bracing Deterioraticn 3 Copy
BSC Bracing Spec Check Selectio| [ Duplicate

i

1 Structure Typical Section | 52 Delete 2 X
& Superstructure Loads = A
Analyze
+ [ Shear Connector Definitions ‘j‘ "
@ (D Stiffener Defintions (2] Validate
= (3 MEMBERS B ViewS
IGi @
e Member Loads
A Supports & General Preferences
MEMBER ALTERNAT EJ Close Bridge Workspace
T Plate Girder () (C]
I
IGa
B [ BRIDGE ALTERNATIVES
The following schematic will be displayed.
Schematic -0 X
Girder profile
B ERqe B - =
25panPlateGirderTr
25panPlateGirderTraining - 2 Span 4 Girder System - G2
7712024
Top Flange Transitions PL 3/4"x12"%63-0"
Web Transitions TI16°%36"x63-0"
Stiffener Spacing ro” 37-0

Shear Connecor Spaci

Top Flange Lat. Support

Top Flange Deerioration

+ 716"x36" Web { +

Bottom Flange Transitions PL7/8x16"%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.

E Bridge Workspace - 2SpanPlateGirderTr AMNALYSIS REPORTS ? — O H

BRIDGE WORKSPACE WORKSPACE TOOLS WVIEW DESIGN/RATE REPORTING

—
= S o
Analysis Engine
Events Outputs
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 Cpen Cancel
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The Analysis Settings window will be populated as shown below.

M Analysis Settings — O *
Design review o Rating Rating method: LRFR e
Analysis type: Line Girder W
Apply preference setting: None v
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
- EW3 ~Inventory
~H 15-44 L-HL-92 (US)
~H 20-44 -Operating
~HL-93 (1) Add to L-HL-93 (US)
~HL-93 (US) -Fatigue
-HS 13-44 o 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.

E Bridge Workspace - 25panFPlateGirderTr ANALYSIS REPORTS 7 — O X

ERIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

S

Engine
CQutputs

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.

ERIDGE WORKSPACE

Analysis Analyze Analysis
Settings Events

Bridge Workspace - 25panPlateGirderTr ANALYSIS REPORTS

WORKSPACE TOOLS VIEW DESIGN/RATE

]

Results Save
Graph Results

REPORTING

=1 7
= B X
Tabular |Specification  Engine
Results | Check Detail Qutputs

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.

M Analysis Results - Plate Girder

AASHTO LRFR Engine Versicon 7.5.1.3001

Analysis preference setting: None

Location
()
90.00
90.00
90.00
90.00
90.00
90.00

=
b=l
Print
Print
Report type: Lane/Impact loading type Display Farmat
Rating Results Summary w o As requested Detailed Single rating level per row
. Live Load . Rating = Lead Rating .
Live Load Tis Rating Method Level (Ton) Rating Factor
HL-93 (US) Truck + Lane LRFR | Inventory 8.56 0.238
HL-93 (US) Truck + Lane LRFR | Operating 11.09 0.308
HL-93 (US) | 90%:(Truck Pair + Lane) LRFR | Inventory 6.14 0171
HL-93 (US) | 90%:(Truck Pair + Lane) LRFR | Operating 7.96 0.221
HL-93 (US) Tandem + Lane LRFR | Inventory 10.06 0.279
HL-93 (US) Tandem + Lane LRFR | Operating 13.04 0.362

Location
Span-{3)
1-(100.0)
1-(100.0)
1-(100.0)
1-(100.0)
1-(100.0)
1-(100.0)

Limit State

STRENGTH-I Steel Flexure Stress
STRENGTH-I Steel Flexure Stress
STRENGTH-I Steel Flexure Stress
STRENGTH-I Steel Flexure Stress
STRENGTH-I Steel Flexure Stress
STRENGTH-I Steel Flexure Stress

Impact

As Requested
As Requested
As Requested
As Requested
As Requested
As Requested

Lane

As Requested
As Requested
As Requested
As Requested
As Requested
As Requested

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 b4
o Design review Rating Design method: LRFD v
Analysis type: Line Girder o
Lane / Impact loading type: As Requested ~ Apply preference setting: Mone v
Vehicles QOutput Engine Description
Traffic direction: Both directions e Refresh Temporary vehicles Advanced
Vehicle selection Vehicle summary
BVehicles E--Design wvehicles
EHStandard ~Design loads
- Alternate Military Loading 'HL-93 {Us)
=BM2 Permit loads
=EM3 e Fatigue loads
HL-93 (sI)
--HL-93 (US) Add to
--HS 20 (5l)
-HS 20-44
~LRFD Fatigue Truck (SI)
- LRFD Fatigue Truck (US)
--Agency
User defined
..... Temporary Remove from
<
Reset Clear Open template 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.
- O

Girder Example
REPORTS ? *

ANALYSIS
REPORTING

Bridge Workspace - 2SpanPlateGirderTr

BRIDGE WORKSPACE

Events

Analysis

WORKSPACE

TOOLS WVIEW

DESIGN/RATE
A
< B

Results  Save
Graph Results

Results Check Detail Qutputs

Results

Engine Outputs

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

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

REPORTS

VIEW DESIGN/RATE REPORTING

Bridge Workspace - 25panPlateGirderTr

TOOLS

i |
BRIDGE WORKSPACE WORKSPACE
% o 2 M 2 e

R E = < 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
d X

AASHTO_LRFD branch in this window.

™ 2SpanPlateGirderTr

=25 panPlateGirderTr

-2 Span 4 Girder System

G2
= Plate Girder
- Wizard computed Std distribution factors

= AASHTO_LRFD
~Live Load Distribution Factors Calculations
~Live Load Distribution Factors Calculations Summary

-5tage 3 Spec Check Results (Monday Feb. 20, 2023 17:47:46)

Log File
~AASHTO_LRFR

46
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PS1 — Simple Span Prestressed | Beam Example

PS1 - Simple Span Prestressed | Beam Example

#4 stirrups @ 12" 4

A JAY
" l 120'-0" N |‘_ .
6 _’| I | 6
Elevation
51-0" N
16 | 480" B 1-6"
I 1
g" Future Wearing Surface
l_ 2" thick, 150 pcf
‘E AASHTO-PCI BT-72
[3-0" | 5 spaces @ 9'-0" = 45'-0" | 3-0" |

Typical Section
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9" | 3II 6"
< e
)\ r g
18I|
\ 2
A "
3
v _
A .
3
A 4
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

) »
1L 2. 0. 1L 8. 8.
L. 2. 8.8 B LS. 8.8 8
| S 8 8 B | S 8 8 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.

E AASHTCWare Bridge Design and Rating ? - O X

BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW

\_LI & Import @@

MNew © Batch Find

Bridge Manage

Enter the following description data.

M PS Training Bridge1 = [m] *

Bridge Workspace View

Template Superstructures
Bridge ID:  PS Training Bridgel MBI structure ID (8): PS5 Tr.Bridgel Bridge completely defined Culverts

Substructures

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

Name: P51 Training Bridge Year built:

This is PCl deisgn example 9.9.3, which uses the Load Factor Design (LFD).

Description:

Location: Length: ft
Facility carried (7): Route number: -1

Feat. intersected (B): Mi. post:

Default units: US Customary e

Bridge association...

OK 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

=l & Components
#- [ Appurtenances
£33 E? Beam Shapes
]T E?Connectors
I+ Eﬂ Factors
2 LRFD Substructure Design Settings

Aluminum

Ej 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.

u Bridge Workspace - PS Training Bridge 1 ANALYSIS REPORTS T — O ¥

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

&) Close
& Export
&5 Refresh
Bridge Manage
Workspace e X Schematic X Report e
Bridge = Components
= 3 Components
i' 2 Appurtenances
i [ Beam Shapes
'.i: 7 Connectors
- 7 Factors
I 7 LRFD Substructure Design Settings
= & Materials
2 Aluminum ’
Analysis o
- [ Concrete
B2 Prestress Bar

2 Prestress Strand

£ Reinfarcing Steel

£ soil

@’ Structural Steel
# E2 Timber
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& Bridge Materials - Conerete — [m] b3
Name:
Description:
Compressive strength at 28 days (f'c): ksi
Initial compressive strength (Fci): ksi
Composition of concrete: Normal v
Density (for dead loads): ket
Density (for modulus of elasticity) ke
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 Eridge - 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 w |
Density (for dead loads): 0.15 ‘
Density (for modulus of elasticity): 0.15 . x
Poisson's ratio: 02
Coefficient of thermal expansion (¢):  0.000006 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): 90.00 ksi
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 B Components

F38 @ Appurtenances

=i~ &) Beam Shapes
= |3 Prestress Shapes
@' Box Beams
[a | Beams
@' Tee Beams
[a U Beams
@ Steel Shapes
[? 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 1 Beams and select New or double click on | Beams in the Components tree). The

window shown below will open.

¥
ﬂ Bridge Workspace - PS Training Bridge 1 ANALYSIS REPORTS ? - m} X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

H & Close .

Save & Export New
2 Refresh

Bridge Manage

‘Workspace 2 X Schematic 2 X Report 2 X

Bridge Components
S Components
& Appurtenances
= |3 Beam Shapes
= |3 Prestress Shapes
@ Box Beams
71 Beam
---- B Tee Beg New
B U Beam Analyze & X

- [ Steel Shap I
#- [ Timber She @ View Summary Report

j] (& Connectors

(]

1@l View Detailed Report
i [ Factors

[£7 LRFD Substruc
#- [ Materials

¢ General Preferences

EJ Close Bridge Waorkspace
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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  Strand grid

Top flange type

Narrow

Q wice

Deck

Radius fillet

in

Copy to library.. oK

Apply Cancel

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

Beam window as shown below.

@, Library Data: Prestress | Beam Shapes

Click OK to apply the data and close the window.

Last Modified: 7/22/2024

= o X
’ Top flange | Top flange  Bottom flange Bottom flange Top hauch Bottom haunch Top
(s Desciptes ey 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 43 cl
> BT-72 AASHTO-PCI Bulb-Tee BT-72 | Standard = US Customary 72 35 42 6 26 43
1-28x66 |-28x66 Standard | US Customary 66 3 42 8 28 10
1-28x78 |-28x78 Standard | US Customary 78 3 42 8 28 10
1-28x84 |-28x84 Standard | US Customary a4 5 42 8 28 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
26 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).

ﬂ Bridge Workspace - PS Training Bridge 1 ANALYSIS REPORTS ? - a X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

H & Close )

Save o Export Ne:v
& Refresh
Bridge Manage
Workspace 2 X 2 X 2 X
Bridge Compaonents
EE) Companents
& Appurtenances
& Generic
[/3 Median
Fﬁ' Parapet
7 Railing
- [ Beam Shapes
[ Connectors N
- Lf) Factors xR
(7 LRFD Substructure Design Settings
& Materials
Enter the parapet details as shown below.
D Bridge Appurtenances - Parapet = O *
Narme: 300 PLF Parapet
Description:
All dimensions are in inches
. Additional load: kip/ft Parapet unit load:
0.15 kecf
3
g ‘ Calculated properties
N _
Reference Roadway Met centroid (from
Line v 0 Surface reference line):
F 3 6.344 in
8 Total load:
¥
[ 0.300 kip/ft
v
F T
Back Fravt ¢ =
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

Name: Gird

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
[a 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 v

Superstructure type:
Number of main members:
Length

(ft)
» 1 120

Span

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

Add default load

*Prestressed members only
case descriptions

New Duplicate Delete

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

- o Perpendicular to girder
W
Suppoll (degrees) Along support
> 1 0
2 0 Girder spacing
Girder (ft)

b2y | Startof | Endof
girder | girder

9

R

[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 > fay
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
- L1 oo s
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 = O *
Distance from left edge of deck to | Distance from right edge of deck to
superstructure definition ref. line | superstiucture definition ref. line
I "
Superstructure Definition
Desk b— !
\ . ickness I Refarsnca Lins /
T T
Left overhang Right overhang
Deck = Deck(cont'd) Parapet  Median  Raiing  Generic  Sidewalk  Llaneposition  Stripedlanes  Wearing surface
Superstructure definition reference lineis  within ~  the bridge deck.
Start End
Distance from left edge of deck to oo & (25 &
superstructure definition reference line: == —=
Distance from right edge of deck to oo & (25 &
superstructure definition reference line: == —=
Left overhang: 3 3 ft
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
Leftoverhang |, — ;._.J 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:
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) (ft)
> | 300 PLF Parapet ~ | Parapets ~ | Back ~ | LeftEdge 0 0| Right -
300 PLF Parapet ~ | Parapets ~ | Back ~ | Right Edge ~ 4] 0| Left e
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: .
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
Parapet Median Railing Lane 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: pef
Load case: Future wearing surface v Copy from library...
0K Apply Cancel

Click OK to apply the data and close
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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
Fﬂrﬂil1?l!?;;ihl:l)i]§ompress|-;:| e 26 si 25 ki
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 — O *

MName: | 1/2" LR AASHTO Loss

General P/5 data -I'| 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).

o | Bridge Workspace - PS Training Bridge 1 ANALYSIS REPORTS ? - u] X

BRIDGE WORKSPACE 'WORKSPACE TOOLS WIEW DESIGN/RATE REPORTING

= | d8& < I

Save Close Export Refresh New

Bridge Manage

2
*

Workspace # X | Schematic % X | Report

Bridge  Components

E- @ PS Training Bridge 1

& [ Components

- [ Diaphragm Definitions
[7 Lateral Bracing Definitions

- WP LRFD Multiple Presence Factors
EC Enviranmental Conditions

-+ OF Design Parameters
- &) SUPERSTRUCTURE DEFINITIONS
- dyrd Girder System
L Impact/Dynamic Load Allowance
- o4 Load Case Description
4 Framing Plan Detail
[& Bracing Deterioration . N
BSC Bracing Spec Check Selection Analysis # X
- £ Structure Typical Section
2 Superstructure Loads
£ [ Concrete Stress Limits
" G, 65 ksi Cancrete Stress Limit
£ [ Prestress Properties
L gl 1/2° LR AASHTO Loss
£ [ Shear Reinforcement Definitions
2 Vertical
~ [ Horizontal
B [ MEMBERS
- [ 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

—[|—

Material: Grade 80 v
Bar size: 4 ~

Number of legs: 2.00

L ol Inclination (alpha): | 90.0 Degrees

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: -- Mone -- e

Description:

Existing | Current = Member alternative name | Description

Number of spans: Span

length
(ft)

Span

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 | 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.

M Member Alternative Description = O *

Member altermative: Precast | Eeam Alternative

Description Specs Factors Engine Impert Control options

Description: Material type:
Girder type:
Modeling type:
Default units: ~ US Customary V

Girder property input method

Self load Default rating method:
Load case: Engine Assigned v LFR o
Additional self load: kip/ft
Additional self load: %
Crack control parameter (£) Exposure factor
Tep of beam: kip/in Top of beam:
Use creep
Bottom of beam: kip/in Bottom of beam:
oK Apply Cancel

Click OK to close the window and create a new member alternative.

Last Modified: 7/22/2024 26



PS1 — Simple Span Prestressed | Beam Example

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.
M Beam Details - m] X
Span detail Stress limit ranges Slab interface Web end block
Beam projection
Span e Girder Prestress i
number P material properties Leftend Right end
(in) (in)
5 1 BT-72 ~ | PS65ksi ~ | 1/2" LR AASHTO Loss 6 6
oK 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.

M Beam Details - ] x
Span detail Stress limit ranges Slab interface Web end block

Start End

ni:fbner Name distance Length distance
(fty (ft)

>0 ~ | 8.5 ksi Concrete Stress Limit 0 121 121

New i Duplicate Delete
0K Apply Cancel
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Navigate to the Slab interface tab and enter data as shown below.

& Beam Details - [}

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

oK Apply Cancel

Click OK to apply the data and close the window.
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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
—— Harp Distance Radius
- point (ft) (in)
Left 0.00 0.0000

Right 0.00 0.0000

0K H Apply || Cancel

B raQe B =00

]
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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.

™ Strand Layout - Span 1

‘B ke B [0m [v )

Description type

Pand CGS only @ Strands in rows

Strand configuration type | Symmetry e J
Straight/Debonded T .o -
oee
) .
Harped 56
Harped and straight debonded
Mid span
Harp peint locations
® Leftend
o Harp Distance Radius
point (ft) (im})
Left 4850 0.0000
Right 48.50 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

Type: PS Precast |

Length

Deck concrete Reinforcement
tart
Material :I:Enp;: distance
()
» Deck Concrete ~ | 1 % 0

Start effective | End effective | Start effective

3l I flange width = flange width
distance = thickness
w ]
(in)
120 120 75 90

End effactive
flange width
({LRFD)
(in)

90

New Duplicate

CK Apply

Delete

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 *
Y1 Y2
Z1 lﬁ J
ZL_J 4
End . . .
Support distance Length distance 1 z2 Z3 Z4 Y1 Y2 Y3
number ) {ft) ) (in) {in) {in) (in) {in) {in) (in)
> A 0 120 120 0 0 0 0.5 0.5 0
--------- I\E\“\ 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
‘ Start Distance ol 20ACING,,
Vertical Horizonta
Span: v
Extends Start . End
MName into distance Nlematlzrst Sp{c';:)ng Ler."f?,th distance
deck (#) P L’ )
» 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
OK Apply

Delete

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 | Beam member alternative of member G1 and paste

to G2 as a member alternative.

r
u Bridge Workspace - PS Training Bridge 1 AMNALYSIS REPORTS = O
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING
7 I3 El Close -1 - !
<f H = » 0 e
Validate Save @ Revert & Export Open Duplicate Delete = Schematic
& Refresh
Bridge Manage
Workspace Report

Bridge Components
= |mpact/Dynamic Load Allowance
- 3+ Load Case Description
- & Framing Plan Detail
@ Bracing Deterioration
- BSC Bracing Spec Check Selection
' Erl-f* Structure Typical Section
- & Superstructure Loads
@ Concrete Stress Limits
@ Prestress Properties
@ Shear Reinforcement Definitions
) MEMBERS
I G1
- 2= Member Loads
-~ "% Supports
-~ &3 MEMBER ALTERNATIVES
-- I Precast | Beam Alternative (E)
Iae
- o= Member Loads
- g% Supports
- [E7 MEMBER ALTERNATIVES
- IG3
IGa
IGs
- I G6
i#- [ BRIDGE ALTERNATIVES

[T+

Last Modified: 7/22/2024

%g Expand Branch
t? Collapse Branch

L= Open

Copy I

Duplicate

Delete

Analyze

Validate

View Summary Report
View Detailed Report

w6 3 % oC

Schematic

[:'n

Export to PS Design Tool

General Preferences

B & 7

Close Bridge Workspace

)
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r
E Bridge Workspace - PS Training Bridge 1 ANALYSIS REPORTS ? —
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTIN
H El Close 3
L)
Save @ Revert & Export New
& Refresh
Bridge Manage
Workspace £ X Schematic o X Report

Bridge Components
= e SUPERSTRUCTURE DEFINITIONS a
=8 brf Girder System
_]T- Impact/Dynamic Load Allowance
- 3+ Load Case Description
- &5 Framing Plan Detail
@ Bracing Deterioration
- BSC Bracing Spec Check Selection
----- m Structure Typical Section
- 2 Superstructure Loads
a Concrete Stress Limits
@ Prestress Properties
a Shear Reinforcement Definitions

F—

I+

= ) MEMEERS
I G New
o= Member Loads T Paste
~ "% Supports Y Analyze
- 3 MEMBER ALTERNATIVE (3 View Summary Report
- I Precast | Beam Alte @ View Detailed Report

Iaz
~ <4 Member Loads {2} General Preferences
= &4 Supports E3 Close Bridge Workspace
Ej MEMBER ALTERMATIVE=S

- IG3
IG4
IG5

- I Geé

l#- [ BRIDGE ALTERNATIVES

Last Modified: 7/22/2024 35



PS1 — Simple Span Prestressed | Beam Example

-

Eﬂ Bridge Workspace - PS Training Bridge 1 ANALYSIS REPORTS ? —

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

H El Close L—j \_Lﬂ
Save @ Revert & Export Open Copy

& Refresh

Bridge Manage

Workspace £ X Schematic o X Report

Bridge Components
= %rf Girder System a
j Impact/Dynamic Load Allowance
- 4 Load Case Description
- & Framing Plan Detail
@ Bracing Deterioration
- BSC Bracing Spec Check Selection
: wﬁ Structure Typical Section
---- = Superstructure Loads
@ Concrete Stress Limits
a Prestress Properties
@ Shear Reinforcement Definitions
£ MEMBERS N\
I G1
- e Member Loads
-~ & Supports Analysis
= &3 MEMBER ALTERNATIVES
-- I Precast | Beam Alternative (E) (C)
IaG2
o= Member Loads
~ g% Supports
= &) MEMBER ALTERNATIVES
B I Precast | Beam Alternative (E) [C)/
1 G3
I G4
IG5
- I G6
- [ 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.
r B
u Bridge Workspace - PS Training Bridge 1 ANALYSIS REPORTS ? = O X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

& Close — 1 Ly
= | = I
Save @ Revert & Export Open Copy
i Refresh
Bridge Manage
Workspace X Schematic X Report s X

Bridge Components

E =) MEMBERS “
= I G
- 24 Member Loads
& Supports

- &) MEMBER ALTERNATIVES
IJ:'l I Precast | Beam Alternative (E) (C)
.- Default Materials

j Impact/Dynamic Load Allowance
- 'E Beam Details
;S Shrinkage Time

- EFF Effective Su pports
E-- 2 Mild Steel Layout

=} | Strand Layout
..... & Span 1 Analysis > X
- [ Deck Profile
- B Haunch Profile
I— Lt Live Load Distribution
|7 Points of Interest

= I G2
© 2= Member Loads
& Supports
+ & MEMBER ALTERNATIVES
B I Precast | Beam Alternative (E} (C)

B I G3
@ I G4
# I G5
# I G6
L [l WEDII’\CE AITERKMATIVES v ]
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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
St . Distribution factor
Support distance Length = End distance (lanes)
number (ft) (ft)
ft) 1 lane Multi-lane

f;:;glu :chtrizr: View calcs New Duplicate Delete

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

CK
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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)
{ft) 1 lane Multi-lane
1 ~ 0 120 120 0.2 04333333
Cor_npute fr_om View calcs New Duplicate Delete
typical section...
OK Apply Cancel

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

Last Modified: 7/22/2024 40



PS1 — Simple Span Prestressed | Beam Example

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.

E Bridge Workspace - PS Training Bridge 1 ANALYSIS REPORTS ? — O X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING
BE— oo~
== =

Analysis Analysis Engine
Settings Events QOutputs

Analysis Results

Click the Open template button.

@ Analysis Settings

Design review o Rating Rating method: LFR e

Analysis type: Line Girder \/

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

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

- Vehicles E}--Rating vehicles
= Standard ~Inventory

Alternate Military Loading Operating
-EV2 ~Legal operating
--EV3 ~Permit inventory
--H 15-44 -~Permit operating
--H 20-44 Add to
--HS 20 (SI)

NRL

Remove from

=<

- Agency
-User defined
Temporary

Reset Clear Open template Save template oK Apply Cancel
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Select the LRFR Design Load Rating to be used in the rating and click Open.

@ Open Template

Delete

Templates Description Analysis Qwner 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:

Vehicles Qutput Engine

Traffic direction: Both directions
Vehicle selection

% Vehicles
= Standard

I-HL-93 (Sh

I+HL-93 (US)

I~HS 15-44

IHS 20 (SI)

I-HS 20-44

I~Lane-Type Legal Load
I~LRFD Fatigue Truck (SI}

-NRL
-sU4
-SUS
--SUG
su7
Type 3
- Type 3-3
-~ Type 382
I-Agency
- User defined
~-Temparary

Reset Clear

Line Girder

I~LRFD Fatigue Truck (US)

Open template

Description

Rating method:

LRFR

Apply preference setting: None

Add to

Remove from

<<

Save template

Refresh Temporary vehicles

Vehicle summary

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

"--LRFD Fatigue Truck (US)

-Legal load rating
~Routine
~Specialized hauling
~-Permit load rating

oK

Apply

Advanced

Cancel

Click OK to apply the data and close the window.
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Tabular Results
With member alternative Precast | Beam Alternative for member G1 selected, click the Analyze button on the
Analysis group of the DESIGN/RATE ribbon to perform the rating.

E Bridge Workspace - PS Training Bridge1 ANALYSIS REPORTS

[
|
O
X

ERIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

&= g
Analysis | Analyze Engine
Settings Qutputs

Analysis Results

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

E Bridge Workspace - P5 Training Bridge 1 ANALYSIS REPORTS ? — [m] X

BRIDGE WORKSPACE WORKSPACE TOOLS WVIEW DESIGN/RATE REPORTING

1k = S N
a = 5 ™ x B
Analysis Analyze Analysis | Tabular |Specification Engine Results Save
Settings Events | Results | Check Detail QOutputs 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.

D Analysis Results - Precast | Beam Alternative = O X
—
=1t
Print
Print
Report type: Lane/Impact loading type Display Format
Rating Results Summary N o As requested Detailed Single rating level per row Y
. Live Load . Rating = Load Rating . Location | Location o
Live Load T Rating Method Level (Ton) Rating Factor ) Span-(%) Limit State Impact Lane
HL-93 (US) Truck + Lane LRFR | Inventory 4244 1179 60.00| 1-(50.0) SERVICE-III PS Tensile Stress | As Requested | As Requested
HL-83 (US) Truck + Lane LRFR | Operating 62.30 1731 60.00| 1-(50.0) STRENGTH-I Concrete Flexure | As Requested | As Requested
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 7.5.1.3001
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 Design review Rating Design method: LRFD v

Analysis type: Line Girder ~

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 (SI) " LRFD Fatigue Truck (US)
--HL-93 (US) Add to
--HS 20 (SI)
LRFD Fatigue Truck (SI)
~-LRFD Fatigue Truck (US)
- Agency
- User defined
----- Temporary

Remove 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
0 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
(&1 Miscellaneous reports:

Dead load action report
Girder properties

Live load action report

Concrete limit state summary report
LRFD critical loads report

LRFD specification check report

Summary influence line loading
Detailed influence line loading

Capacity summary

Capacity detailed computations
FE model for DL analysis
FE model for LL analysis

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

LL distrib. factor summary
Regression data

Camber

Fatigue stress ranges

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

Select all Clear all Select all Clear all

Reset Clear Cpen template Save template oK Apply Cancel

Engine Outputs

Next with member alternative Precast | Beam Alternative for member G1 selected click the Analyze button on the

Analysis group of the DESIGN/RATE ribbon to perform the design review.
B | Bridge Workspace - PS Training Bridge 1 ANALYSIS REPORTS

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

[
el
il
7
35

N
s
Analysis| Analyze JAnalysis | 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.

E Bridge Workspace - PS Training Bridge 1 AMNALYSIS REPORTS ? — m} X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

# (1,_:.: g:' j [N
= ° a— =
Analysis Analyze Analysis  Tabular Specification |Engine |Results Save
Settings Events = Results Check Detail [Outputs| Graph Results

Analysis Results

™ PS Training Bridge 1 = O >

EH-PS Training Bridge 1
B Girder System
B-G1
=-Precast | Beam Alternative
El-AASHTO _LRFD
~Stage 3 Infl Lines Span Model
--Stage 3 Spec Check Results (Tuesday Jul. 16, 2024 13:47:42)
~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
E-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.

M Stage 3 Spec Check Results - m} X
Bridge ID : PS Training Bridge 1 NBI Structure ID : PS Tr Bridge 1 ~
Bridge : PS1 Training Bridge Bridge Alt :

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

Analysis Preference Setting :

AASHTO LRFD Specification. Edition 9. 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

(5.9.2.3.2,5.9.2.3.2b) 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) Pass

Initial Compression Stress At Transfer of Prestress

Allowable Actual Stress Top of Actual Stress Bot of

Location Design

Stress Beam Beam : Code
(v (ksi) (ksi) (ksi) Ratio
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 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 (BrDR 7.5.1)

There are many different online help files available in BrDR. To access BrDR help, open BrDR, click on Bridge

Explorer and select Help from the left ribbon to open the following Help options.

E AASHTOWare Bridge Design and Rating ? — O -4

|BRIDGE EXPLORER | BRIDGE FOLDER RATE TOOLS VIEW
S & Import @é

New © Batch v | fig
Bridge Manage
1 Favorites Folder BID Bridge ID Bridge Name District
7 Recent Bridges 1 TrainingBridge1 Training Eridge 1(LRFD) Unknown | Unl®
’ _gigfng;:tes 2 TrainingBridge? Training Bridge 2(LRFD) Unknown Ul
_____ @ Deleted Bridges 3 | TrainingBridge3 Training Bridge 3{LRFD) Unknown  Unl
4 | PClTrainingBridge PCI TrainingBridge1(LFR)
5 PClTrainingBridge2 PCITrainingBridge2 (LRFD)
6 | PClTrainingBridge3 PCI TrainingBridge3(LFR)
7 PClTrainingBridged PCITrainingBridge4(LRFD)
&  PCITrainingBridge5 PCI TrainingBridge5({LFR)
9 | PClTrainingBridged PCITrainingBridge&{LRFD)
10 Example? Example 7 PS (LFR)
11 RCTrainingBridge1 RC Training Bridge1(LFR)
12 TimberTrainingBridge Timber Tr. Bridge1 (A5R) .
- [ ]

Total Bridge Count 3
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AASHTOWare Bridge Design and Rating = m] X
Support
Preferences
Database information ‘;/ Help. Topics .
@ Getting help using the software
Export
= Frequently Asked Questions
Import —H Find questions that are frequently asked
2 Help
Support
ey Q Find more information on technical support
Exit
About

| Bridge Design & Rating
Version 7.5.1.3001

Build date Feb 26 2024

Technical Support
Website: https://www.aashtowarebridge.com/bridge-rating-and-design

Email: BrDR@promiles.com

Copyright 1997 to 2024 by the American Association of State Highway and Transportation Cfficials
555 12th Street NW, Suite 1000

Washington, DC 20004

(202) 624-5800

License Agreement

e  Selecting Help Topics from the menu opens the BrDR help file where you can view the Contents, the
Index and Search for specific words.

e Selecting Frequently Ask Questions from the menu opens a BrDR help file containing Basic, Technical
and Non-Technical frequently asked questions about BrDR.

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

Online, context-sensitive help is available in each window of BrDR by clicking the F1 button while a window is
open. This will open the BrDR help topic for that window.
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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. Open the Bridge Workspace for the bridge you wish to access/set up Engine related help.

E Bridge Workspace - TrainingBridge ANALYSIS REPORTS ? — O X

| BRIDGE WORKSPACE I WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING
3 3
& = = =

Validate Save @ Revert  (Cloge Export Refresh Open

Bridge Manage

Y)
*

Workspace X Schematic X Report

Bridge Components
B M TrainingBridge1
| -- [ﬁio’nponents
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2. Click on the Help button (1) on the leftmost column. Select the relevant Engine Help (2) you wish to

access for this bridge during this session from the Engine Help menu. The selected Engine Help and its

Method of Solution gets populated on the Engine Help Configuration (3) menu on the right side, as

shown below:

Last Modified: 7/17/2024

Bridge Workspace - TrainingBridge1

Support

L?_f) Help Topics
@ Getting help using the software

L‘@ Frequently Asked Questions

Find questions that are frequently asked

o Support
|
\_/J Find more information on technical support

Engine
Engine Help

AASHTO Culvert LRFD

AASHTO Culvert LRFR

AASHTO LFR

AASHTO LRFD

AASHTO LRFD Substructure (BrD)

AASHTO LRFR

AASHTO Metal Culvert LFR

ANCHTO bdad=l Tobiart | RER

Set As Main Engine Help

Engine Help Configuration

Engine Help

Method of Solution
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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
Engine Help

AASHTO Culvert LRFD

AASHTO Culvert LRFR

Engine Help Configuration

Engine Help

Method of Solution

AASHTO LFR
AASHTO LRFD
AASHTO LRFD Substructure (BrD)

AASHTO LRFR

AASHTO Metal Culvert LFR

ANCHTN Motz Cubiart | RER v

Set As Main Engine Help

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 - O *
Hide Print  Options

Contents l Index ] Search ]

Getting Started
@ Windows

Bridge Materials - Reinforcing Steel

This window allows you to enter material properties for reinfarcing 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:

[0 AASHTOWare BrDR - Help - m] x
@ i
Hide Back Print  Options

Description
Not used by AASHTO LRFD/LRFR.

Contents l Index ] Search ]

Getting Started
- Windows

Last Modified: 7/17/2024 5



HLP1 - Help Features

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 - a x

o ¢ &

Hide Back Print  Options

Conterts | index | Search | Limitations ~
=[] Getting Started
..... 2] Disclaimer Engine Related Help
----- B it
----- ?] Getting Started BrD&/BrR® has the following limitations:
q 9
----- 2] General Bidge Description . . o
..... 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 Modsling Mett +  Maximum number of girders in a girder system or floor system superstructure
..... 2] Database Overview definition is 200.
""" [?] Database Information +  Minimum number of girders in a girder system or floor system superstructure
----- E System of Units definition is 2.
""" B |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] Impotting a BRASS Input File +  Maximum number of stringers in a floor system superstructure definition is 200.
----- 2] Glossary of Terms Used in BrOR . . . P
) Minimum number of stringars in a floor system superstructure definition is 2.
----- E Flaor System Superstructures in Bri . . o .
_____ E Distibution Factor Analysis rzl.'lna(;ﬂmum number of stringer units in a floor system superstructure definition is
-4 Windows :

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 parformed.

BrD/BrR currently supports the following types of superstructures, substructures,
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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://www.aashtowarebridge.com

The Training section of this website

https://www.aashtowarebridge.com/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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STL14 - LRFD Cb Calculation using Concurrent Moments Example

AASHTOWare Bridge Design and Rating Training
STL14 —LRFD Cb Calculation using Concurrent Moments Example

Topics Covered
e Modify STL2 Example Bridge

e Ch Calculation Control Option

e Ch Calculation Comparison

Features (introduced in version 7.5.0):
e LRFD Analysis Control option: “Consider concurrent moments in Cb calculation”

e LRFR Analysis Control option: “Consider concurrent moments in Cb calculation”

This tutorial demonstrates how to select the calculation method for the AASHTO LRFD Cbh moment gradient factor.
By default, the moment gradient factor is computed using the envelope actions at brace points. The control option to
consider concurrent moments in Cb calculation will compute the factor using concurrent moments at brace points.

The concurrent brace moment reports and the changes to the spec output for concurrent actions are presented.
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Modify STL2 Example Bridge
Start with the completed STL2 example bridge. This is a two-span steel girder system bridge with four girders.

Follow the steps below to modify the structure definition. The moment gradient factor is used to compute the lateral
torsional buckling resistance, so the girder is modified so that the lateral torsional buckling resistance controls the

flexural capacity over the interior support.

Import the STL2 example bridge and open the copied structure. Update the Bridge ID, NBI structure ID, Name

and Description. Select OK to apply the data and close the window.

M Cb Factor - O *
Bridge Workspace View
Template Superstructures
Bridge ID:  |Cb Factor MBI structure ID (8): Cb Factor Bridge completely defined Culverts
Substructures
Description Description (cont'd) Alternatives Global reference point Traffic Custom agency fields
MName: Ch Factor Example Bridge Year built:

Cb moment gradient factor calculation example

Description:

Location: Length: 180 ft
Facility carried (7): Route number: -1

Feat. intersected (5): Mi. post:

Default units: U5 Customary v

Bridge association...

QK Apply Cancel
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Open the Superstructure Definition window and update the superstructure name as shown below.

™ Girder System Superstructure Definition

Definition Analysis  Specs Engine

Name: Envelope Moments

2 Span 4 Girder System using envelope moments to compute Cb moment gradient

factor

Description:

Default units: US Customary Enter span lengths
along the reference

Number of spans: 2 0 line:

Number of girders: 4 Span Length

(f)
> 1 90
2 90

Haorizontal curvature along reference line

Superstructure alignment

Modeling

With frame structure simplified definitiol

Deck type:
Concrete Deck
For PS/PT only
Average humidity:
%

Member alt. types

P/s
R/C
Timber

P/T

OK Apply Cancel
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Structure Framing Plan Details
Within the Framing Plan Detail window, update the diaphragm definitions. Navigate to the Diaphragms tab and

update the diaphragm spacing for Girder bay 1 as shown below. Select Apply to apply the data and keep the
window open. Then click on the Copy bay to... button and copy the diaphragms to Bay 2 and Bay 3 as shown

below.

Girder Bay 1:

My Structure Framing Plan Details - O x
Mumber of spans: 2 Number of girders: 4
Layout Diaphragms Lateral bracing ranges
. Diaphragm
. 1 phrag
Girder bay: V Copy bay to... wizard..
Start . End
Support distance EEIE Number Length distance Load Diach
number (f) SP‘E';“g of spaces (ft) (") (kip) R
Left girder Right girder Left girder | Right girder

Al s a a o 1 o 0 0 --Not Assigned-- s
1 s a a 30 2 60 60 60 --Nat Assigned-- s
2 s 0 0 ] 1 1] 0 1] --Not Assigned-- s
2 v 0 0 30 2 60 60 60 --Not Assigned-- ~

New Duplicate Delete
QK Apply Cancel
Girder Bays 2 and 3:
M Copy Diaphragm Bay *
Bay 2
Select the new bay(s): I Bay 3
Apply Cancel
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Framing Plan Schematic

Review the framing plan schematic to verify the framing plan details are correct.

Framing Plan —Ox
B EaQae B o B
» = st — = e
R e e e il EEE I
) : FH 3 _' . = p _'
Girder Profile
Update the girder profile for the G2 member alternative in each tab as shown below.
M Girder Profile - O
Type: Plate Girder
Web | Top flange Bottom flange
Begin End ; Start End
depth = Depthvary depth Thl;_l:;ess itﬁ_lpl?; distance LE(r;tg)ﬂ‘l distance Material \'\:I-&:‘:t
(in} {in) (ft) (i) ¢
> None 45 05)1 e 0 180 180 | Grade 50W  ~ |--None--
New Duplicate Delete
oK Apply Cancel
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The top and bottom flange have the same definition, so to save time, the top flange can be input and then copied to
the bottom flange with the Copy to bottom flange button. If there is any existing data for bottom flange, a warning

will appear while copying. Click OK to proceed.

M Girder Profile — O s

Type: Plate Girder

Web  Top flange Bottom flange

Begin | End . Start End
width | width Thl;_l:;ess it?np;:: distance Le(r;gth distance Material Weld W:I‘:Itat
(in) (in) (ft) [#) g
> 12 1375 1 o 0 180 180 | Grade 50W ~ |- ~ |--D W

Copy to bottom flange New Duplicate Delete

oK Apply Cancel
D Girder Profile — [m| X
Type: Plate
Web  Top flange Bottom flange
Begin | End . Start End
width | width Th':;’;ess imp;’e’: distance LE("fg“‘ distance Material Weld “:I_E':t‘“
) (i) (f) () b
> 12 1375 1 hd 0 180 180 | Grade 50W ~ |- ~ |-}
Copy to top flange New Duplicate Delete
OK Apply Cancel
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Deck Profile
Update the reinforcement within the Deck Profile window to satisfy the AASHTO LRFD 6.10.1.7 requirements.

@M Deck Profile — O X

Type: Plate

Deck concrete Reinforcement Shear connectors

End . Bar
Material SLzEel distance Eenat distance =X SiliD Bar size Dlst.ance Row spacing
number (ft) bar count | bar count (im)
(f) (f) (in)
> 1 o 63 54 17 12 126 ~ 297 | Top of Slab ~
Gra ~ |1 ~ 63 54 17 12 126 v 1.91 | Bottom of Slab w

New Duplicate Delete

0K Apply Cancel

Last Modified: 7/16/2024 7



STL14 - LRFD Cb Calculation using Concurrent Moments Example
Duplicate the superstructure definition and modify the control options in the second structure to use concurrent
moments for computing Cb.

Right click on the Envelope Moments superstructure definition and select Duplicate from the menu to duplicate the
superstructure definition.

Workspace frd

Bridge Companents

= M Co Factor

#- [ Companents
- B Ciaphragm Definitions

[ Lateral Bracing Definitions

Bl & SUPERSTRUCTURE DEFINITIONS
B H;T:;:c:sj R Expand Branch

- 2 0ad Case Q Collapse Branch
ﬁFrarr.ling F = Open

B Bracing D
- BSC Bracing §
- M Structu [T Duplicate
- e Superstru

- elete

- [ Shear Car Analyze

- [ Stiffener [ ,
Validate

= &) MEMBERS
View Summary Report

View Detailed Report
Export to PS Design Tool

I G4
= &) BRIDGE ALTERNA
R Eridge Altern

(General Preferences

=]
g
Be vowelR 3K

Close Bridge Workspace
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Rename the new superstructure definition within the Superstructure definition window.

M Girder System Superstructure Definition — | *

Definition ~ Analysis Specs Engine

Name: Concurrent Moments Modeling

2 Span 4 Girder System using concurrent moments to compute Cb moment gradient

factor With frame structure simplified definitiol
Description:
Deck type:
Concrete Deck
Default units: US Customary Enter span lengths For PS/PT anly
along the reference o
Number of spans: 2 line: Average humidity:
Number of girders: 4 0 o, Length %
PR
3 1 a0 Member alt. types
2 a0
P/5
R/C
Timber
BT
Herizontal curvature along reference line
Superstructure alignment Start tangent length
OK Apply Cancel
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Expand the bridge workspace tree and open the Member Alternative Description window for the G2 — Plate
Girder member alternative in the Concurrent Moments superstructure.

Bridge Compaonents

B M Co Factor
B [ Companents
- [ Diaphragm Definitions
~ [ Lateral Bracing Definitions
= &) SUPERSTRUCTURE DEFINITIONS
- b Envelope Moments
= b Concurrent Moments
. j Impact/Dynamic Load Allowance
- 4 Load Case Description
- ZF Framing Plan Detail
ﬁ Bracing Deterioration
- BSC Bracing Spec Check Selection
. m Structurs Typical Section
- 4 Superstructure Loads
@ Shear Connector Definitions
- [ Stiffener Definitions
=+ & MEMBERS

B I G1
= I G2
- ode Member Loads

# I G4
Bl &) BRIDGE ALTERNATIVES
®- M Bridge Alternative 1 (E) (C)
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Cb Calculation Control Option
Navigate to the Control options tab in the window and select the LRFD and LRFR control options to Consider

concurrent moments in Cb calculation.

M Member Alternative Description - O

Member alternative:  Plate Girder

e

Description  Specs Factors  Engine  Import

LRFD LRFR
- -
Allow moment redistribution Evaluate remaining fatigue life
Use Appendix Ab for flexural resistance Ignore long. reinf. in negative moment capacity
Allow plastic analysis , Include field splices in rating
Ignore long. reinf. in negative moment capacity Consider deck reinf. development length
Consider deck reinf, development length Consider tension-field action in stiffened web end panels

v v
LFR ASR
3 points of interest - £ points of interest
n Generate at tenth points . Generate at tenth points
n 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
Ignore long. reinf. in negative moment capacity .
oK Apply Cancel
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This completes the data entry for this example. Now is a good time to save the bridge to the database.

ANALYSIS REPORTS

R TOOLS VIEW DESIGN/RATE REPORTING

BSC & 91 ¥

£ Revert (oo Export Refresh Open Copy Duplicat]
Bridge Manage
s X | Schema

Workspace

Bridge Companents

= M Cb Factor
. @Componenb’.
- [ Diaphragm Definitions
[E7 Lateral Bracing Definitions
- 3 SUPERSTRUCTURE DEFINITICNS
- b Ervelope Moments
- Y Concurrent Moments
E- 3 BRIDGE ALTERNATIVES
M Bridge Alternative 1 (2] (C)
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Cb Calculation comparison
Follow the steps below to analyze the plate girder member alternative using envelope moments to compute Cb and

the plate girder member alternative using concurrent moments to compute Cb.
Open the Analysis Settings window and add an EV2 vehicle to the LRFR Permit load rating category. In the

Advanced options define a 200plf permit lane load.

AMNALYSIS REPORTS Bridg

BRIDGE WORKSPACE WORKSPACE TOOLS WIEW DESIGN/RATE REPORTING

G g
Analysis § Engine
Settings Qutputs

Analysis Results

Workspace X Schematic

Bridge Companents

E- (™ Cb Factor

- B2 Companents

- B Diaphragm Definitions

- [ Lateral Bracing Definitions

- &2 SUPERSTRUCTURE DEFINITIONS
[+ b Envelope Moments
[t} bf Concurrent Moments

- &) BRIDGE ALTERMATIVES
B fn.) Bridge Alternative 1 (E) {C)
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Analysis Settings

™ Analysis Settings

Design review o Rating Rating method:

Analysis type: Line Girder e

LRFR w

Lang

Vehicles

Vehicle sele

BH-Vehicle

Reset

Qutput

Traffic direction: Both directions

ction

=

E-Standard

EV2

-HL-03 (SI)
-HL-03 (US)
+HS 15-44
-HS 20 (Sl)
--HS 20-44
-Lane-Type Legal Load ey Adjacent vehicle
~-LRFD Fatigue Truck (SI)
--LRFD Fatigue Truck (US)
- Type 3

--User defined
- Temporary

Clear

Apply preference setting: Mone w

w Refresh Tempaorary vehicles

ehicle summary

Description

E--Rating vehicles
E-LRFR
‘Design load rating
----- Inventory
----- Operating
Add to ‘Legal load rating
| ----- Routine
----- Specialized hauling
‘Permit load rating

[EHEV2
]

Remove from

<

Open template Save template QK Apply

Cancel

M Vehicle Prop

Vehicle

=]

erties

Tandem
train

factor ipac

Single Legal
lane =z Override | live load
loaded pair factor

Frequenc Loading
req ¥ condition

Single Trip ~ | Mixed with traffic v

Permit lane load: 0.2

jacent vehicle live load factor:
rmit vehicle location

OK

Override

Cancel
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Analyzing Girder with Envelope Moment Cb Calculation
Analyze the plate girder member alternative within the Envelope Moments superstructure.

er | ANA
ERIDGE WCQR WORKSPACE TOOLS VIEW DESIGM
= g
Analys Engine
Setting Qutputs
Results

Workspace

Bridge Companents

= M Cb Factor

- [ Components

- B Diaphragm Definitions

- [ Lateral Bracing Definitions
I~ TIONS

= Yrrf Envelope Moments
- % Impai namic Load Allowance

- 3% Load Case Description

- A Framing Plan Detail

- @' Bracing Deterioration

- B3C Bracing Spec Check Selection

- T Structure Typical Section

- b Superstructure Loads

- [ Shear Connector Definitions

- [ Stiffener Definitions

= &3 MEMBERS

w- I Gl

= I G2
e Member Loads
- g% Supports

I Plate Girder (E) (C

B I G3
=
[ bpf Concurrent Moments
= 2 BRIDGE ALTERNATIVES

B T Bridge Alternative 1 (E) (C)
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After the analysis is complete, review the results. Open the Tabular Results window to view the critical rating

factor.

AASHTO LRFR E
Analysis prefere;

M Analysis Results - Plate Girder

ngine Version 7.5.1.3001
nce setting: None

=

Print

Print
Report type: Lane/Impact loading type Display Format
Rating Results Summary O 45 requested Detsiled Single rating level per row ~

Live Load Rating  Load Rating _ Location | Location
Live Load Rating Method | ° 5 T Rating Factor 0" | e Limit State
EV2 | Truck + Lane LRFR | Permit 2691 7200

Impact

1-(80.0) | STRENGTH-II Steel Flexure Stress | As Requested | As Requested

Open the Specification Check Detail window to review the specification calculations for the controlling location.

|—i5pan 2 - 81.00 ft. -

™ Specification Checks for Plate Girder - 43 of 1560

Articles
@ Pp All articles v
Properties Generste  Format
Bullet list v
Specification filter Report
4 |_| Superstructure Component & Specification reference Limit State Flex, Sense Pass/Fail
® |_jStage 1 6.10.6.2.2 Composite Sections in Positive Flexure N/A General Comp.
® |_jStage 2 6.10.6.2.3 Composite Sections in Negative Flexure and Noncomposite N/A General Comp.
4|_|Stage3 N& €.10.7.1.1 General N/A Not Applicable
4 | Plate Girder NA& 6.10.7.1.2 Nominal Flexural Resistance N/A Not Applicable
[=15pan 1-0.00 ft. Né 6.10.7.2.1 General N/A Not Applicable
[=4Span 1-900 ft 6.10.7.2.2 Nominal Flexural Resistance N/A General Comp.
1%pan1-1300 4 N& 6.10.7.3 Flexural Resistance - Ductility Requirement N/A Not Applicable
5 1-18.00 ft.
= Span 1700k X 6.10.8.1.1 Discretely Braced Flanges in Compression N/A Failed
- Span | . iOIOD ftl N& 6.10.8.1.2 Discretely Braced Flanges in Tension N/A Not Applicable
an 1 - 30.00 f.
e + 6.10.8.1.3 Continususly Braced Flanges in Tension or Compression N/A Passed
Agpen - S600% B 6.108.21 General N/A General C
LySpan 1- 45004t .10.8.2.1 General eneral Comp.
[L45pan 1- 5400 . ©.10.8.2.2 Local Buckling Resistance N/A General Comp.
|_45pan 1- 6000 t 6.10.8.2.3 Lateral Torsional Buckling Resistance ‘ {L(A General Comp.
. 6.10.8.2.3.Ch Lateral Torsional Buckling Resistance - Cb Calculation hm General Comp.
(=ySpan 1- 7200 fi. 6.10.8.2.3.rt Lateral Torsional Buckling Resistance - rt and Lp Calculatic N/A General Comp.
F 6.10.8.3 Flexural Resistance Based on Tension Flange Yielding N/A General Comp.
(_15pan 1-81.00 f. + 6.10.8 LRFD Shear Resistance N/A Passad
(I 5pan 1-90.00 ft. ©.10.9.1 Shear Resistance - General N/A General Comp.
(] Span 2 - 9.00 ft. ¥ 6.10_General_Flexural_Results N/A Failed
(i Span 2 - 15.00 ft. +/ 644,21 General Load Rating Equation - Steel Flexure Moment N/A Passad
|_iSpan 2 - 18.00 fu. X 6A44.2.1 General Load Rating Equation - Steel Flexure Stress h}»ﬂ Failed
[45pan 2- 2700 . +* 6A4.2.1 General Load Rating Equation - Steel Shear N/A Passed
[45pan 2 - 30.00 ft. 6A421A N/A General Comp.
y5pan 2 - 3600  6464.2.2 Service Limit State N/A Passed
(=4 5pan 2 - 45.00 . APPDE.1 Plastic Moment N/A General Comp.
(ySpan 2 - 5400 . APPD6.2 Yield Moment N/A General Comg.
iSpan 2 - 6000 1. APPD6.3.1 In the Elastic Range (Dc) /A General Comp.
(ySpan 2 - 6300 APPD6.3.2 Depth of the Web in Compression at Plastic Moment N/A General Comp.
| 5pan 2 - 72.00 f&. . . .
Steel Elastic Section Properties N/A General Comp.
(4 Span 2 - 75.00 fi. K
Unbraced Length Calculations N/A General Comp.
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STL14 - LRFD Cb Calculation using Concurrent Moments Example

The rating is controlled by lateral torsional buckling within the negative flexure region over the interior pier. The Cb
factor is computed in 6.10.8.2.3.Cb Lateral Torsional Buckling Resistance — Cb Calculation. Open this article to
view the envelope Cb calculations.

E Spec Check Detail for 6.10.8.2.3.Cb Lateral Torsional Buckling Resistance - Ch Calculation

& Steel Structures

&.10 I-Section Flexural Members

6.10.3 Flexural Resistance-Composite Sections in Negative Flexure and Noncomposite Sections
6.10.8.2 Compression-Flange Flexural Resistance

£.10.8.2.3 Lateral Torsicnal Buckling Resistance - Cb Calculation

(BASHTO LRFD Bridge Design Specifications, Ninth Edition)

Steel Plate - At Location = 72.0000 (ft) - Left Stage 3

Section within Top Flange Continuous Bracing BRegicn

Moment Gradient Modifier, Cb, Calculaticn

INPUT:

Secticn Prismetic in Top Flange Unbraced Length: Yes
Section Prismatic in Bottom Flange Unbraced Length: Yes
Section is Unbraced Cantilever: He

Top Flange Left Brace Location 72.0000 (ft)

Top Flange Middle of Unbraced Length Location 72.0000 (ftc
Top Flange Right Brace Locaticn = 72.0000 (ft)
Bot Flange Left Brace Location = 60.0000 (ft
Bot Flange Middle of Unbraced Length Location 75.0000 (ftc

Bot Flange Right Brace Locaticn 90.0000 (ft)

SUMMRRY :
Cb = 1.0 [6.10.8.2.3-6)
Cb = 1.75 - 1.05% (£1/£2) + 0.3%(f1/f2)~2 <= 2.3 (6.10.8.2.3-7)

| Input | Qutput |
Limit Load Flexure Left Mid Right Concawve
State Comb Type Stress Stress Stress Moment fmid f2 f1 Eaq. b

(ksi) (ksi) (ksi) {ksi) (ksi) (ksi)

5TR-II 1, Permit~ HNegative 12.10 -7.05 -34.27 Yes T7.05 34.27 -12.10 7 2.1582
STR-II 1, Permit~ Hegative 4.45% -13.27 -3%.35 Yes 13.27 39.35 -4.45 7 1.3738
SER-II 1, Permit~ HNegative 9.74 -5.44 -26.17 Yes 5.44 26.17 -5.74 7 Z.1322
SER-II 1, Permit~ HNegative 3.79 -9.83 -2%.64 Yes 9.8 25.64 -3.79 7 .3880

Note: For Input Stresses, compression is negatiwve, tension is positive.
For Qutput Stresses signs are switched. Compression is positive, tension is negative.

Load Combination Legend:

Code Vehicle

1 EVZ - Permit Truck + Lane
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STL14 - LRFD Cb Calculation using Concurrent Moments Example

Since each of these load cases has negative flexure, the bottom flange brace points are used to compute Ch. The
computed brace point stresses are computed within the 6.10.1.1.1b Stresses article for the POI at the brace point.
Here, the left brace stresses are computed within the 6.10.1.1.1b article at the Span 1 — 60 ft POI on the right side,

the mid stresses are computed at Span 1 — 75 ft and the right brace stresses are computed at 90 ft left.

M Specification Checks for Plate Girder - 43 of 1560
Articles
/\’j All articles ~
h l
Properties Generate Format
Bullet list hd
Specification filter Report
4 |_| Superstructure Component A& | Specification reference Limit State Flex. Sense Pass/Fail
» |_|Stage 1 5.4.2.6 Modulus of Rupture N/A General Comp.
» |_|Stage 2 5.4.2.8 Concrete Density Medification Factor NfA General Comp.
4 |_j5Stage 3 0 et ETgE LA Proportioning MNFA General Comp.
4 |_|Plate Girder M/A General Comp.
[_45pan1-0.00 ft. .1.10.T Hybrid Factor, N/A General Comp.
I_1Span1-900 ft. 6.10.1.10.2 Web Load-Shedding Factor, Rb N/A General Comp.
= zpan :: B ::Zgﬁ : v 6.10.1.6 Flange Stress and Member Bending Moments N/A Passed
- Span 1 ) 2?'00 ftl +/ 6.10.1.7 Minimum Negative Flexure Concrete Deck Reinforcement MfA Passed
- Span . ) 30‘00 ftl 6.10.1.9.1 Webs without Longitudinal Stiffeners MFA General Comp.
an 1-30.00 ft.
E SP 1-36004 v’ 6.10.11.1.2 Transverse Stiffeners - Projecting Width NfA Passed
pan 1 -36.00 ft.
|ySpan 1-4500 f v/ 6.10.11.1.3 Transverse Stiffeners - Moment of Inertia NfA Passed
|L1Span 1 - 5400 ft +' 6.10.2 Cross-Section Proportion Limits MfA Passed
* |2y Span 1 - 60.00 f. ' 6.10.42.2 Flexure /A Passed
|_1Span 1-63.00 . 6.10.6.2.2 Composite Sections in Positive Flexure NfA General Comp.
(EySpan 1-72.00 f. 6.10.6.2.3 Composite Sections in Negative Flexure and Noncompasite N/A General Comp.
|_iSpan 1-75.00 f. NA 6.10.7.1.1 General MfA Not Applicable
|_1Span 1-81.00 . N& 6.10.7.1.2 Nominal Flexural Resistance MN/A Not Applicable
|4 Span 1-90.00 ft. NA 6.10.7.2.1 General /A Not Applicable
|24 5pan 2 - 9.00 ft. 6.10.7.2.2 Nominal Flexural Resistance NFA General Comp.
|_i5pan 2 - 15.00 f&. A 6.10.7.3 Flexural Resistance - Ductility Requirement MfA Not Applicable
|_15pan 2 - 18.00 ft. X 6.10.8.1.1 Discretely Braced Flanges in Compression N/A Failed
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STL14 - LRFD Cb Calculation using Concurrent Moments Example

Analyzing Girder with Concurrent Moment Cb Calculation
Next, analyze the G2 — Plate Girder member alternative within the Concurrent Moments superstructure.

Br | ANAL

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN

5o~

Engine
Outputs

Results

Workspace X

Bridge Components
Iél-- MM Cb Factor
B B Com ponents
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions

Bl &) SUPERSTRUCTURE DEFINITIONS

=l me blornants

- Bﬂ' Load Case Description
- &&F Framing Plan Detail
2 Bracing Deterioration
- B3C Bracing Spec Check Selection
- M Structure Typical Section
- e Superstructure Loads
@ Shear Connector Definitions
- [ Stiffener Definitions
=+ =) MEMBERS
IaGi
IaG2
- gke Member Loads
-~ “f% Supports

Ic4
E- &) BRIDGE ALTERNATIVES
N My Bridge Alternative 1 (E) {C)

The analysis progress log will indicate when program is loading the concurrent moments at brace points.

ror e speclal (UMIted Crossing) permil [CUCK, e Single lane
distribution factors
have been divided by 1.2 to remove the multiple presence factor.
Info - Finished loading influence lines with selected vehicles for Stage 3 Span
Model
- Computing concurrent brace point moments.
Info- Ve mpleted!***
Info- Performing LRFR Specification Check
Info - Plate Girder
- STAGE 1: Computing Steel Stresses

- Location - c.o0000 (ft)

- Location - g.oooo (ft)

- Location - 15.0000 (ft)

- Location - 18.0000 (ft)

- Location - 27.0000 (ft)

- Location - qo0.0000 (ft)
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STL14 - LRFD Cb Calculation using Concurrent Moments Example

Review the tabular results to see the critical rating factor. Using concurrent moments, the rating factor improves
from 0.936 to 1.025.

M Analysis Results - Plate Girder — [m] X

=

Print

Print
Repart type: Lane/Impact loading type Display Farmat
Rating Results Summary ~ o As requested Detailed Single rating level per row o

. Live Load . Rating = Load Rating . Location | Location .
Live Load T Rating Method Level (Ton) Rating Factor ) Span-(%) Limit State Impact Lane
EV2 | Truck + Lane LRFR | Permit 2047 90.00 | 1-(100.0) | STRENGTH-II Steel Flexure Stress | As Requested | As Requested
AASHTC LRFR Engine Version 7.5.1.3001
Analysis preference setting: None
Close

The Engine Outputs will include a Concurrent Moment Report which details the computed corresponding

moments within all unbraced regions on the member.

% Ch Factor - O *

-Ch Factor
-Cancurrent Moments
G2
i=-Plate Girder
- AASHTO_LRFR

~Stage 3 Infl Lines Span Model
-Live Load Distribution Factors Calculations
Live Load Distcbet i
Toncu
~Stage 3 Service Il Stress Ranges
-Stage 3 Fatigue Stress Ranges
—Stage 1 Span Model
~Stage 1 Span Model Actions
—Stage 2 Span Model
~Stage 2 Span Model Actions
~Stage 3 Span Model Actions
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STL14 - LRFD Cb Calculation using Concurrent Moments Example

Brace Point Concurrent Moment Report
Open the Concurrent Moment Report to view the computed corresponding moments at brace points.

M Concurrent Moment Report

Bridge ID: NBI Structure ID: Cb Factor
Bridge: Cb Factor Example Bridge Bridge Al
StructDef: Concurrent Moments Member: Plate Girder

Date - 10/23/2023
Brace Point Concurrent Moment Report

Legend
Envelope Moment

Corresponding Moment

EV2 - Permit Truck + Lane - Maximum

[Note: Brace point locations are measured from start of member.
Note: LL forces inchide impact, LL scale factors, LLDF. and MPF when applicable
Unbraced Region Left Primary Middle Primary Right Primary
Left Brace | Middle |Right Brace Left Moment Middle Moment Right Moment [Left Moment Middle Moment Right Moment [Left Moment Middle Moment Right Moment
(f) (ft) (ft) (kip-ft) (kip-f) (kip-ft) (kip-ft) (kip-ft) (kip-f) (kip-ft) (kip-ft) (kip-ft)
0.0000 |15.0000 [ 30.0000 0.00 0.00 0.00 0.00 34322 404.50 0.00 249.13 49825
30.0000 |45.0000 | 60.0000 49825 46543 230.66 468.46 500.70 251.02 299.86 449.78 397.73
60.0000 | 75.0000 | 90.0000 39773 6374 27024 310,67 18635 -219.90 0.00 0.00 0.00
90.0000 [105.0000| 1200000 0.00 0.00 0.00 21990 18635 31067 27024 6374 39773
120.0000 1350000 1500000 | 39773 44978 299 86 251.02 50070 468 46 23066 465 45 49825
150.0000 1650000 1800000 | 49825 24913 0.00 40450 34322 0.00 0.00 0.00 0.00

EV2 - Permit Truck + Lane - Minimum

Note: Brace point locations are measured from start of member.
Note: LL forces inchide impact, LL scale factors, LLDF, and MPF when applicable.

TUnbraced Region Left Primary Middle Primary Right Primary
Left Brace | Middle [Right Brace Left Moment Middle Moment Right Moment [Left Moment Middle Moment Right Moment [Left Moment Middle Moment [Right Moment
(f6) (6 (ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
00000 |15.0000 | 300000 0.00 0.00 0.00 0.00 5209 -104.19 0.00 5209 -104.19
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STL14 - LRFD Cb Calculation using Concurrent Moments Example

Specification Check Detail
Open the Specification Check Detail window to review the specification calculations. The articles indicated with

arrows below are particularly relevant to the LTB rating.

M Specification Checks for Plate Girder - 48 of 1589
Articles
R P ;
2o All articles e
\/j I
Properties Generste  Format
Bullet list e
Specification filter Report
4 |_ Superstructure Component & Specification reference Limit State Flex. Sense Pass/Fail
b |_|Stage 1 v/ 6.10.4.2.2 Flexure N/A Passed
» |_|Stage 2 6.10.6.2.2 Compaosite Sections in Positive Flexure N/A General Comp.
4 |_|Stage 3 6.10.6.2.3 Compaosite Sections in Negative Flexure and Noncompaosite NfA General Comp.
4 |_|Plate Girder NA 6.10.7.1.1 General N/A Not Applicable
|4 Span 1-0.00 ft N4 6.10.7.1.2 Nominal Flexural Resistance NFA Not Applicable
ISpan1-200ft NA 6.10.7.2.1 General N/A Not Applicable
LtSpan 1- 1500t 6.10.7.2.2 Nominal Flexural Resistance N/A General Comp.
5 1-18.00 ft.
- Span 12700 N4 6.10.7.3 Flexural Resistance - Ductility Requirement N/A Not Applicable
an 1-27.00 ft.
. +/ 6.10.8.1.1 Discretely Braced Flanges in Compression NfA Passed
| Span 1 - 30.00 ft. . . X i
Ly Span 1 - 36.00 f M& 6.10.8.1.2 Discretely Braced Flanges in Tension N/A Not Applicable
21 Span 1 _45:00 ft: v/ 6.10.8.1.3 Continucusly Braced Flanges in Tension or Compression NfA Passed
[ Span 1- 5400 6.10.8.2.1 General N/A General Comp.
|1 Span 1- 60.00 ft. 6.10.8.2.2 Local Buckling Resistance N/A General Comp.
|1 5pan 1-63.00 ft. 6.10.8.2.3 Lateral Torsional Buckling Resistance N/A General Comp.
| Span 1 - 72.00 ft. 6.10.8.2.2 Concurrent Moment Brace Point Stresses NAA General Comp.
| Span 1 - 75.00 ft. 6.10.8.2.3.Cb Concurrent Moment Lateral Torsional Buckling Resistanc: NfA General Comp.
|4 Span 1-81.00 ft 6.10.8.2.3.rt Lateral Torsional Buckling Resistance - rt and Lp Calculatic N/A General Comp.
&4 Span 1 -90.00 ft. 6.10.8.3 Flexural Resistance Based on Tension Flange Yielding NFA General Comp.
|_15pan 2 - 9.00 ft. +/ 6.10.9 LRFD Shear Resistance MN/A Passed
|l Span 2 - 15.00 ft. 6.10.9.1 Shear Resistance - General N/A General Comp.
|1 5pan 2 - 18.00 ft. +" 6.10_General_Flexural_Results N/A Paszsed
|_15pan 2- 27.00 ft. 6.9.4.1 Bearing Stiffener Nominal Resistance NfA General Comp.
|_15pan 2- 3000 ft. +/ 6A.4.2.1 General Load Rating Equation - Steel Flexure Moment N/A Passed
=4 Span 2- 36.00 f. ~' 6A.4.2.1 General Load Rating Equation - Steel Flexure Stress h W/A Passed
I5pan 2 - 4500 ft v/ 6A.4.2.1 General Load Rating Equation - Steel Shear N/A Passed
I_1Span 2- 3400t 6A42.16 N/A General Comp.
Lt Span 2 - 60.00 ft v/ 6A.6.4.2.2 Service Limit State N/A Passed
5 2 -63.00 ft. -
1 >pan APPDE.1 Plastic Moment NAA General Comp.
|1 Span 2 - 72.00 ft. - .
APPD6.2 Yield Moment NFA General Comp.
|l Span 2 - 75.00 ft. . .
APPD6.3.1 In the Elastic Range (D<) N/ General Comp.
|l Span 2 - 81.00 ft.
v B APBMA 2 ? Nanth of the Wah in Camnrescinn at Blastic Mament N/A Genaral Camn

The brace point stresses for envelope actions are computed in the 6.10.1.1.1b stresses article. An additional article is
included when the concurrent actions are enabled to compute the brace point stresses for concurrent actions. This is
the 6.10.8.2.3 Concurrent Moment Brace Point Stresses article. As with the envelope stresses, these stresses are

computed at the POI corresponding to the actual brace point location.
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STL14 - LRFD Cb Calculation using Concurrent Moments Example

The Cb concurrent moment calculation article computes Cb for each loading scenario, left brace envelope, mid

brace envelope and right brace envelope.

Cb = 1.75 - 1.05%(£1/£2) + 0.3%(£1/£2)~2 <= 2.3

Cb calculation for loading left brace

E Spec Check Detail for £,10.8.2.3.Ck Cencurrent Moment Lateral Torsional Buckling Resistance - Ch Calculation

(6.10.8.2.3-7

Note: For Input Stresses, compression is negatiwve,

tension is positive.

For Qutput Stresses signs are switched. Compressicn is positiwve, tension is negative.

I Input | Qutput |
Limit Load Flexure Left Mid Right Concawve
State Comb Type Streas Stress Stress Moment fmid f2 £l Eg. Ch
(ki) (k3i) (ksi) {ksi) (ki) (k3i)
SIR-II 1, PermitSpec Neg 12.10 -8.61 -38.14 Yes 8.61 38.14 -12.10 7 2.1134
STR-II 1, PermitSpec Neg 4.4%3 -13.25 -38.74 Yes 13.25 38.74 -4.43 7 1.8758
SER-II 1, PermitSpec Neg .74 -6.64 -28.31 Yes 6.64 28,81 -2.74 7 2.13%0
SER-II 1, Permit3pec Neg 3.79 -58.82 -259.23 Yes 9.82 29.23 -3.79 7 1.8910
Note: For Input Stresses, compression is negatiwve, tension is positiwve.
For Qutput 5Stresses signg are switched. Compression is positive, tension is negative.
Cb calculation for loading mid brace
I Input | Jutput |
Limit Load Flexure Left Mid Right Concawve
State Comb Type Stress Stress Stress Moment fmid £z f1 Eg. Ch
(ksi) (kai) (k=si) (ksi) (ksi) (kai)
STR-II 1, PermitSpec Neg 11.08 -7.05 -37.42 Yes 7.05 37.42 -11.08 7 2.0871
STR-II 1, PermitSpec Neg 4.863 -13.27 -3B.96 Yes 13.27 38.96 -4.63 7 1.8808
SER-II 1, PermitSpec Neg §.83 -5.44 -28.32 Yes 5.44 28.32 -8.38 7 2.1088
SER-II 1, PermitSpec Neg 3.90 -58.83 -29.37 Yes 9.83 29.37 -3.30 7 1.594%
Note: For Input Stresses, compression 1s negative, tension i3 positive.
For Qutput Stresses signa are switched. Compressicn is positiwe, tension is negatiwve.
Cb calculation for loading right brace
I Input | Qutput |
Limit Load Flexure Left Mid Right Concave
State Comb Type Stress Stress Stress Moment fmid f2 f1 Eg. Cb
{kai) {ksi) (ksi) {kai) {kai) (ks3i)
STR-II 1, Permit3pec Weg T7.42 -58.52 -34.27 Yes 9.52 34.27 -T7.42 7 1.9913
STR-II 1, PermitSpec Neg 12.30 -B.96 -39.35 Yes 8.986 39%.35 -12.30 7 2.1075
SER-II 1, PermitSpec Neg 5.8 -7.27 -26.17 Yes 7.27 26.17 -5.83 7 1.9593%
SER-II 1, PermitSpec Neg %.90 -6.33 -29.64 Yes 6.88 2%.84 -8.90 7 2.1342

The article summary indicates the Cb factor

which is used for each load case.

Ch calculation summary

Limit Load

State Comb Cb
STR-II 1, PermitSpec 2.1134
STR-II 1, PermitSpec 2.1075
SER-II 1, PermitSpec 2.13%0
SER-II 1, PermitSpec 2.1342

Critical Concurrent Loading

Left brace
Right brace
Left brace
Right brace

Note: Use Cb corresponding to brace point with lergest compressive 3tress.
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STL14 - LRFD Cb Calculation using Concurrent Moments Example

LRFD Design Review
Open the Analysis Settings window. Open the HL 93 Design Review template to perform a design review using

concurrent moments to compute the Cb factor.

& Analysis Settings — O X
o Design review Rating Design method: LRFD v
Analysis type: Line Girder w
Lane / Impact loading type: As Requested v Apply preference setting: Mone “

Venhicles Qutput Engine Description

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

5 Vehicles B Design vehicles

= Standard Design loads

Alternate Military Loading L HL-93 (US)

Ev2 Permit loads

EV3 [=1 Fatigue loads

HL-93 (SI) " LRFD Fatigue Truck (US)

HL-93 (US) Add 1o

HS 20 (SI)

HS 20-44

LRFD Fatigue Truck (SI)

LRFD Fatigue Truck (US)
Agency
User defined

..... Temporary

Remove from

E 4

Reset Clear Open template Save template 0K Apply Cancel
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STL14 - LRFD Cb Calculation using Concurrent Moments Example

Analyze the Plate Girder member alternative under G2 for the Concurrent Moments superstructure definition.

e | ANALYSIS REPORTS

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

= = S x B

Analysis Analyze Ahalysis  Tabular Specification Engine Results Save
Settirjgs ents = Results Check Detail Outputs Graph Results

Analysis Results

Workspace ® X

Bridge Components

B @ CbFactor .

% 2 Components

- [ Diaphragm Definitions

2 Lateral Bracing Definitions

= &3 SUPERSTRUCTURE DEFINITIONS

£ b Envelope Moments

= bf Concurrent Moments
j Impact/Dynamic Load Allowance
2L | oad Case Description

-~ & Framing Plan Detail
2 Bracing Deterioration

- BSC Bracing Spec Check Selection
m Structure Typical Section

- e Superstructure Loads
[ shear Connector Definitions

#- [ stiffener Definitions

= B3 MEMBERS

B IG
& Member Loads
“A Supports
- a MEMBER ALTERMNATIVES
= IaG2

I‘" & Member Loads

MEMBER ALTERNATI
T Plate Girder (E) (C)
I .

=1 impact/Dynamic Load Allowance
= Girder Profile
sy Hinge Locations
B splice Locations
- B2 Deck Profile
P Haunch Profile
-~ =23 | ateral Support
=2 Stiffener Ranges
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STL14 - LRFD Cb Calculation using Concurrent Moments Example

The analysis progress log will indicate when the program computes the concurrent brace point moments

L Elecuvery

Warning - remove the multiple presence factor from the distribution factors

Warning - Additionally, the one-lane distribution factors will be useci for
fatigue.

Info - Finished loading influence lines with selected vehicles for Stage 3 Span
MModel
< Ini

D - Computmg ooncum:nt brace pmnt muments
I D= r 1 s
Info - Perforl:mng I.RFD Spemﬁz:atlon Chec.k
Info - Plate Girder
- STAGE 1: Computing Steel Stresses
- Location - 0.0000 (ft)
- Location - g.0000 (ft)

The Engine Outputs window includes a Concurrent Moment Report which shows the computed envelope and
corresponding moments for each unbraced region along the member.

@ CbFactor - ] X
= CbFactor
= Concurrent Moments
262
& Plate Girder
= AASHTO_LRFD

Live Load Dnstnbuuon Factors Calculauons

Log File
E~AASHTO_LRFR
~Stage 3 Infi Lines Span Model
~Live Load Distribution Factors Calculations
~Live Load Distribution Factors Calculations Summary
—Concurrent Moment Report
Stage 3 Spec Check Results
Stage 3 Service Il Stress Ranges
Stage 3 Fatigue Stress Ranges
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

Cancel
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STL14 - LRFD Cb Calculation using Concurrent Moments Example

Open the report to review the computed actions. The report includes tables for each component of the vehicle live

load. For the design vehicle this includes the load components such as truck and lane and the design combinations
such as 90% truck pair plus lane.

& Concurrent Moment Report

- [m]
Bridge ID: NBI Structure ID: Cb Factor
Bridge: Cb Factor Example Bridge Bridge Alt:
StructDef: Concurrent Moments Member: Plate Girder

Date : 7/9/2024

Brace Point Concurrent Moment Report

Legend
Envelope Moment
Corresponding Moment

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

Note: Brace point locations are measured from start of member.
Note: LL forces include impact, LL scale factors, LLDF, and MPF when applicable

Unbraced Region Left Primary Middle Primary Right Primary
Left Brace, Middle Right Brace Left Moment Middle Moment Right Moment Left Moment Middle Moment Right Moment Left Moment Middle Moment Right Moment
(fr) () (ft) (kip-fr) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
0.0000 | 15.0000 | 30.0000 0.00 0.00 0.00 0.00 926.63 1250.35 0.00 786.52 1358.94
30.0000 |45.0000 | 60.0000 1358.94 1320.68 741.72 1321.36 1388.72 845.40 961.70 1284.69 1066.99
60.0000 | 75.0000 | 90.0000 1066.99 238.60 -803.89 898.06 423.93 -653.11 0.00 0.00 0.00
90.0000 |105.0000 120.0000 0.00 0.00 0.00 -653.11 423.93 898.06 -803.89 238.60 1066.99
120.0000 |135.0000 150.0000 1066.99 1284.69 961.70 845.40 1388.72 1321.36 741.72 1320.68 1358.94
150.0000 |165.0000 180.0000 1358.94 786.52 0.00 1250.35 926.63 0.00 0.00 0.00 0.00
HL-93 (US) - Design Truck + Lane - Minimum
Note: Brace point locations are measured from start of member.
Note: LL forces include impact, LL scale factors, LLDF, and MPF when applicable.
Unbraced Region Left Primary Middle Primary Right Primary
Left Brace, Middle Right Brace Left Moment Middle Moment Right Moment Left Moment Middle Moment Right Moment Left Moment Middle Moment Right Moment
i o ity (kin-ft) (kin-ft) (kin-fty (kin-ft) (Kkin-ft) (kin-ft) (kin-ft) (kin-fty (kin-fty
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STL15 - Steel Design Tool Example

Two Span Girder Design Example

Start the Steel Design Tool program, create a new input file using the File | New command. The program will
switch from the File tab to the Design Input tab.

File | New and File | Save As

HTOWare Bridge Design: Seeel Design Tool - 0 x

'u
= I
2

¥
ol
-l

Before proceeding with Design Input return to the File tab and click Save As to rename the file from New Project
to STL15 Design Example.

3B ew Project - AASHTOare Bridge Design: Seel Design Tool - o x

-
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STL15 - Steel Design Tool Example

The new file name will appear in the program title bar and the program will again bring up the the Design Input
with the Project input screen. The Project property will still say New Project and this will be changed in the next
step. The Project property determines the name of the subfolder in the Documents\AASHTOWare\SteelDesign75\
folder where design run output files will be stored. In the bottom left corner of the program window, there is a
Validation button that enables input validation. When validation is enabled, the program will mark sections and
input boxes with missing or incorrect information. For the purposes of this example, the Validation will be disabled

during input and will be enabled after all input is entered to verify that there are no validation errors.

Design Input | Project

On the Design Input | Project input screen, enter the data as shown below.

u 5TL15 Design Example.brdx - AASHTOWare Bridge Design: Steel Design Tool — a X
m Design Input Design
Project Project: STL15 Design Example
Description: |2 Span 4 Girder Bridge
Project Library
Geometry
Deck Designer:
Date: 71172024
Typical Section Loads
LRFD specifications
feam Parameters Edition:  AASHTO LRFD 9th v
Lateral Support Limit states: i Strenath
Member Loads
Control Options
Input Report Design vehicles
Design load: d
Permit load: ~
ngle lane permit lo
Fatigue load: v
Design ADTT: |0
Validation Off Forward |

Last Modified: 7/16/2024 2




STL15 - Steel Design Tool Example

Design Input | Project Library | Appurtenance

On the Apputenance tab, select Parapet for Type from the drop down menu and click the Copy from library
button to add a new parapet. Select the Jersey Barrier.

[ STL15 Design Example.brdx - AASHTOWare Bridge Design: Steel Design Tool - O
Project Appurtenance Material | Vehicle
i Ca—
Project Library i
Additional load H
Geometry centioid Additional load
x2
o X1 " ‘ r><3
Reference |‘ Roadway
line Surface
Typical Section Loads ! ¥1
Y2
Beam Parameters. Y3
Back Fronty Y4
Lateral Support
iti it Calculated properties
el : X1 X2 X3 Y1 Y2 ¥3 4 Additional load | Additional Pa}apet Prop
Name Deseription - = = = o o o centroid load unitload | Nt centroid | Total load
) (kip/f) (k) ) ip/ft)
Control Options.
Input Report
Copy fram library... Mew  Duplicate  Delete
Validation | | or |  Back Forward [
L
[l select ltem — O X
MName Description
» ¢ Jersey Barrier Standard MNew Jersey Barrier
oK Cancel

Last Modified: 7/16/2024 3



STL15 - Steel Design Tool Example

Design Input

Design
Project

Project Library
Geometry

Deck

Typical Section Loads

Beam Parameters.

Lateral Support

Member Loads

Control Options

Input Report

Validation | off

. -
[ STL15 Design Example.brdx - AASHTOWare Bridge Design: Stee! Design Taol

- O
purtenance | Material | Vehicle
Type: Parapet w
Additional load Additional load
centroid
X2
X1 ‘ r)(3.
Reference |‘ Roaduay
line Surface
2 ¥1
Y2
Y3
Back Fronty Y4
L2 (in) (in) (i) (ir) (in) (in) (in) " o : Net centroid | Total load
(in) Gkip/f) (kch) (in) (kip/ft)
> | Jersey Barrier Standard New Jers... | 12,0000 2.0000 7.0000 0.0000| 19.0000 10.0000 3.0000 0.1500 7.8801 0.503
Copy from library... New Delete
< Back Forward [

Last Modified: 7/16/2024




STL15 - Steel Design Tool Example

Design Input | Project Library | Material

On the Material tab, select Concrete for Type from the drop down menu and click the Copy from library button

to copy the Class A (US) concrete material definition from File | Library to the Project Library.

\Ware Bridge Design: Steel Design Tool

- - -
Bl STL1S Design Example.brdx - AAS

- o x
Design
—
Project I Appurtenance | Material ‘ Vehicle }
Project Library
Compressive | Costicien  Density Density Std LRFD s LRFD o
Geometry . D swength | Initial compr % o Gy | Modulusof | Modulus of | fnitial moduli Initial modul | Poissan's | Com,
=me sscription at28days | strength fci ‘""“j’;']“ [k’ b MadUMs O S| tagticity* | elasticity | of elasticity’  of elasticity ratio of c
Fe (ksi) (k) (ksi) k) (ksi)
Deck
[8 select Item - ] x
Typical Section Loads
Name Description
Searm Parametors > | Class A Class A cement concrete
[ Class A (US) Class A cement concrete l
Lateral Support Class B Class B cement concrete
Class B (US) Class B cement concrete
Member Loads Class € Class C cement concrete
Class € (US) Class C cement concrete
Control Options
Input Report oK Cancel
Copy from library... l
P »
Validation | | or |  Back Forward [

Last Modified: 7/16/2024




STL15 - Steel Design Tool Example

On the Material tab, select Structural Steel for Type from the drop down menu and click the Copy from library

button to copy the Grade 50W steel material definition from File | Library to the Project Library.

- - - - -
Bl 57115 Design Example.brds - AASHTOWare Bridge Desigr: Steel Design Tool

[m]
Design
—
Project I Appurtenance ‘ Material ‘ Vehicle }
Type] Structural Stesl v
Project Library
Specified yield | Specified tensile Madulus Coefficient of
Geometry Name Description strength (Fy) strength (Fu) of elasticity thermal Density
(ksi) (ki) (ki) expansion
Deck
[8 select Item — ] x
Typical Section Loads
Name Description

Grade 690 - »... | AASHTO M270M - over 65 to 100 mm... |
Beam Parameters.

Grade 690W -.. | AASHTO M270M - over 65 to 100 mm... I
(G Grade 36 AASHTO M270 Grade 36

Grade 50 AASHTO M270 Grade 50
Member Loads IGrada 50W AASHTO M270 Grade 50W I

Grade TOW AASHTO M270 Grade 70W
Control Gptions Grade 100 <=... | AASHTO M270 Grade 100 up to 25" t..

Grade 100W <... | AASHTO M270 Grade 100W up to 25"... | ¥
Input Report oK Cancel

Copy from library... New Dele
Validaton | | o | o Back Forward [

Last Modified: 7/16/2024




STL15 - Steel Design Tool Example

On the Material tab, select Reinforcing Steel for Type from the drop down menu and click the Copy from library

button to copy the Grade 60 reinforcing steel material definition from File | Library to the Project Library.

- - - - -
M STL15 Design Example.brdx - AASHTOWare Bridge Design: Steel Design Tool - o x
Design
|
Project I Appurtenance ‘ Material ‘ Vehicle }
Type: |Reinforcing Steel v
Project Library
Specified yield Modulus Ultimate
Geometry Name Description strength (Fy) of elasticity strength (Fu) Type
ki) (ki) (ki)
Deck
[8 select Item — ] x
Typical Section Loads
Name Description

., 5 | Grade 300 300 MPa reinforcing steel =

Grade 350 350 MPa reinforcing steel (rail-steel)
Lateral Support Grade 40 40 ksi reinforcing steel

Grade 400 400 MPa reinforcing steel
Member Loads Grade 50 50 ksi reinforcing steel (rail-steel)

Grade 500 500 MPa reinforcing steel
Control Options [ Grade 60 60 ksi reinforcing steel ]

Grade 75 75 ksi reinforcing steel v
Input Report oK Cancel

Copy from library... New te Dl
Validaton | oF | o Back Forward [

Last Modified: 7/16/2024



STL15 - Steel Design Tool Example

Design Input | Project Library | Vehicle

On the Vehicle tab, copy the HL-93 (US) and LRFD Fatigue Truck (US) vehicle definitions from library.

Design

. - - - -
[ STL15 Design Example.brdx - AASHTOWare Bridge Design: Stee! Design Taol

Project Appurtenance | Material | Vehicle
I Tend L
Project Library ancem ane
Yo Description Library type | Notional | Axle Spacing Transverse  Uniform | Concentrat  Concentrates | Add second
load  between axles | wheel spacing”™ laneload | load for mon  load for shea | concentrated

Geometry {kip) (G @ (kip/ft) (kip) (kip) foad*

HL-93 (US) AASHTO LRFD Live Load - US unit system 25.0000 400 600 0640
Decke LRFD Fatigue Truc.. | AASHTO LRFD Fatigue Truck - US unit sys...
Typical Section Loads
Beam Parameters
Lateral Support

SR Copy from library... New  Duplicate  Delete
Member Loads Truck:
Axle load Gage distance G ey (i)

Aude no. contact width
Cantrol Options (lip) (ft) (i) Minimum  Maximum
Input Report

Totals: 000 0.00 000

e cate Del
Validation | | or |  Back Forward [

Last Modified: 7/16/2024




STL15 - Steel Design Tool Example

Design Input | Project

Return to the Project tab to define the vehicles for the girder design. Click on the ellipsis button to assign the HL-93
(US) vehicle as the design load and the LRFD Fatigue Truck (US) as the fatigue load. Leave the permit load blank.

Define the design average daily truck traffic as 5000.

- - - - -
[ sTL15 Design Example brdx - AASHTOWare Bridge Design: Steel Design Tool

ﬂ Design Input y—p 1

Project Project: STL15 Design Example

Description: |2 Span 4 Girder Bridge

Project Library

Geometry

Designen

Date: 71172024 5]

Deck

Typical Section Loads

LRFD specifications

Beam Parameters Edition: AASHTO LRFD 9th v

Lateral Support Limit states:

- strength-ll (@ Strength-il (@ Strengtn-v

Member Loads

Control Options

Input Report Design vehicles
Design load: HL-93 (US) D _
Permit load: ~

Single lane permit load

Fatigue load: LRFD Fatigue Truck (US) D ~

Validation Off

Last Modified: 7/16/2024 9



STL15 - Steel Design Tool Example

Design Input | Geometry
On the Geometry tab, enter the data as shown below. Depending on your screen resolution, scroll down to enter the

Support information.

Bl STL15 Design Example.brox - AAS

)Ware Bridge Design: Steel Design Tool - O X

Design

Project Superstructure definition type: System definition
Project Library Number of spans: 2 0
Mumber of beams: 4 O
Geometry
Girder spacing: 10 ft
Deck
Support skew: 0 Degrees
Typical Section Loads R .
Number of design lanes: 3 L
Beam Parameters Spans:
Span Ls.;?u.
Lateral Support ")
Member Loads 2 100.00
Control Options
Input Report
Supports:
Support Support type
1 Pinned ~
2 Roller ~
3 Roller ~
End bearing location: Left: [0 in Right: |0 in
Validation | | on | < Back Forward |

Last Modified: 7/16/2024 10



STL15 - Steel Design Tool Example

Design Input | Deck

On the Deck tab, enter the data as shown below. The Splice location gaps table can be used to input regions where

the program should avoid placing shear studs. For this example, leave this table empty.

8 STL15 Design Example.brdx - AASHTOWare Bridge Design: Steel Design Tool - O X

al

Project Deck concrete: Class A (US) -~ | .

Deck total thickness: 10 in
Project Library

Deck structural thickness: |9 in
Geometry Deck reinforcement

Material: Grade 60 v
[ Start dist: Length End distai Cl B:
art distance eng nd distance 5 ear cover ar spacing
Support @ il o Bar size = Measured from &
Typical Section Loads > 1 e 80.00 40.00 12000 | 6 e 20000 | Top of Str... 4.0000
Beam Parameters
Lateral Support
Member Loads
Control Options
New Duplicate  Delete

Input Report

Deck overhang: 3 ft

Haunch depth: 2 in

Edge of haunch to edge of beam: |0 in

Composite deck

Shear connectors
Stud diameter: |0.5 in
Provide shear studs in negative flexure regions
Splice location gaps
Splice location
Left gap Right gap
Support Left or right Distance ) ) -
|' |
Validation || | oOff o Back Forward |

Last Modified: 7/16/2024 11



STL15 - Steel Design Tool Example

Design Input | Typical Section Loads

On the Parapet tab in Typical Section Loads, enter the data as shown below.

Design

Project

Project Library

Geometry

Deck

Typical Section Loads

Beam Parameters

Lateral Support

Member Loads

Control Options

Input Report

Validation

[ STL15 Design Exsmple.brdx - AASHTOWare Bridge Design: Steel Design Tool

= O X
al
Stage 2 load distribution: () Uniformly to all girders
By tributary area
By percentage: Eieric % %
Wearing surface: Thickness: |2 in Density: | 120 pef
Appurtenance loads:
— }
Parapet Median l Railing I Generic I Sidewalk
Back Frant
Edge of deck Distance at Distance at
Front face
Name Stage Load type Measure to distance measurt start end N
from ) I orientation
Jersey Bar... ™ | Stage 2 ~ | bC ~ | Back v | leftEdge 0.00 0.00 | Right ~
> | Jersey Bar.. “ | Stage2 ~ | bC ~ | Back ~ | RightEdge 0.00 0.00 | Left ~
Mew  Duplicate  Delete
Diaphragm loads:
Girder bay: 1 ~  Copy bay to..
Start distance 5 End distance
S i EErEEm Number Length i Load
Hppo 5“;'“9 of spaces [ (kip)
Left girder Right girder (ft) Left girder Right girder
v
<y Back Forward |

Make sure to scroll to the bottom of the page to define the diaphragm loads. Input the diaphragm loads as shown for

Girder Bay 1 and use the Copy bay to... button to copy the loads to Girder Bay 2 and Girder Bay 3.

Contral Options

Input Report

Diaphragm loads:

(8 Copy diaphragm to bay(s)
Select the new bay(s): e

| Bay 2

Cancel

x Start distance End distance
I ® Rk Number Length (ﬁ) Load
PP Pa& 9 of spaces [ (kip)
Left girder Right girder () Left girder Right girder
1 v 0.00 000 000 1 000 000 000 1,000
1 v 0.00 0.00 2500 8 200,00 200.00 200.00 1000
Mew  Duplicate  Delete
v
g Back Forward |

Last Modified: 7/16/2024
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STL15 - Steel Design Tool Example

Design Input | Beam Parameters

In the Beam Parameters input section, enter the data as shown below. All of the plate dimensions except for the

web depth can be designed. Providing a larger range of values for any given parameter can help the design tool

converge on a solution. The program will design transverse stiffeners for shear resistance if the Use transverse

stiffeners button is selected. This example does not use this option.

[l STL15 Design Example.brdx - AASHTOWare Eridge Design: Steel Design Tool O
ﬂ Design Input ’—Des o |
Section configuration
Project
Web Min Max Increment
Project Library Depth 60 in 80 in
Thickness 03750 07500 v 1/8 ~
Geometry
Top flange Min Max Increment
Deck Width 12 in 20 in 2 in
Thickness 035000 20000 174 v
Typical Section Loads
Bottom flange Min Max Increment
Width 12 20 2
Beam Parameters " " "
Thickness 035000 20000 1/4 v
Lateral Support
Use transverse stiffeners
Member Loads
Control Options
Input Report
ral steel materials
Grade 50W
Top flange:
Grade 50W
Bottom flal
Grade 50W
Transverse stiffener:
Grade 50W
Bearing stiffener:
: Grade 50W
Validation Off d Back Forward |
Last Modified: 7/16/2024 13




STL15 - Steel Design Tool Example

Design Input | Lateral Support

In the Lateral Support input section, enter the data as shown below. Top flange lateral support ranges are regions

where the top flange is continuously laterally supported and top flange lateral support locations are discrete points of

lateral support.These entries define the top flange lateral support for Stage 2 and Stage 3.

Top Flange Lateral Support:

Ranges Locations l

Start
distance

(f)
v v 0.00

Support

Length
(ft)

200.00

End
distance
(f)
200.00

New Duplicate Delete
Top Flange Lateral Support:
| Ranges Locations ‘
Start End
Support distance Sptar:]mg Nl:m:czm LES._?]th distance
@ " i)
P ~ 0.00 0.00 1 0.00 0.00
1 hd 0.00 2500 8 200.00 200.00
New Duplicate Delete

Design Input | Member Loads

There are no member loads assigned in this example. Member concentrated loads, member distributed loads and

pedestrian loads could be assigned here.

Last Modified: 7/16/2024
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STL15 - Steel Design Tool Example

Design Input | Control Options

The Control Options input section provides options for analysis and design. For this example, leave the options as

IS.
[0 STL15 Design Exsmple.brdx - AASHTOWare Bridge Design: Steel Design Tool = ] b
m Design Input ]T |
Praject Allow moment redistribution
Use appendix AB for flexural resistance
P e Allow plastic analysis
Ignore longitudinal reinforcement in negative moment capacity
Geometry Consider deck reinforcement development length
Deck
Typical Section Loads
Beam Parameters
Lateral Support
Member Loads
Control Options
Input Report
’ = 1 . |
Validation Off < Back Forward |

At this point, all design data has been defined. Turn Validation on and ensure that there are no validation error

marks displayed next to the input section. Otherwise, go back to these sections and resolve the errors.

Validation || On i'

Last Modified: 7/16/2024 15



STL15 - Steel Design Tool Example

Design Input | Input Report

The Input Report section provides a detailed report of the input data.

_
[ STLI5 Design Example brdx - AASHTOWare Bridge Design: Steel Design Tool - o X
K~ ]

ry
Project Project
Project: STLIS Design Example
Description: 2 Span 4 Girder Bridge
Project Library Designer
Date: 67/11/2024
Geometry LRFD specifications
Edition: AASHTO LRFD 9th
Linit states: Strength-I, Strength-II, Strengtn-III, Strength-V, Service-II, Fatigue-I, Fatigue-II
Deck
Design vehicles
Design load: HL-93 (US)
permit load:
Typical Section Loads Single lane permit load: False
Fatigue load: LRFD Fatigue Truck (US)
Beam Parameters Design ADTT: 5088
ot Project Librar
Appurtenance
R— Appurtenance
Parapet
Control Options
Nane Description Distance from | X1 X2 3 v1 v2 ¥3 va Additional Median cal
edge to Gn) | Gn) Gn) Gn) | Gn) Gn) (in) load unit load ey cer
Input Report centroid (kip/ft) (kcf) G
(in)
Jersey Barrier Standard New Jersey 12.0000) 2.0000) 7.0000 ©0.0608| 19.0000 10.6000| 3.0600 6.1500
Barrier
Material
Concrete
Name Description Compressive Initial  |Coefficient of  Density Density for | Poisson’s | Composition Modulus
strengtn compressive thermal for DL modulus of ratio of concrete | of ruptur
at 28 days f'c| strength f'ci | expansion (kef) elasticity (ksi)
(ksi) (in) (1/F) (keF) v
. —— .
Validation off | { Back

File | Print

The Print and Print Preview buttons in the File | Print section apply to the Input Report.

. N - -
[ STL1S Design Example.brdx - AASHTOWare Bridge Design: Steel Design Tacl

m Design Input | De: 1

[0 New

Open

Save

Save As

Print

[E Recent

Library

&

Configuration

Help

License

B Close

B et

Last Modified: 7/16/2024
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STL15 - Steel Design Tool Example

Design | Design Input

After the input data is entered and reviewed, Design Input run can be performed by clicking on the Design Input
button located on the Design ribbon. Design Input run is based on the input data and produces a design that is
displayed in the Design Run grid with a brief description and values of the critical design ratios. Select the
checkbox for Shear connector design to design the shear connectors along with the girder in the composite regions.
The beam dropdown is the selection for which girder the program will design and the input for minimum design

ratio defines the target design ratio for which the girder will be designed.

[0 STL1S Design Example. brobx - AASHTOWare Bridge Design: Steel Design Tool - o X

Design | Results Table
The results of the Design Input run are displayed in the table. The user can click on the Critical design ratio to
open the Analysis engine feedback report, and on the page icon next to the Critical design ratio to open the

Specification Check Summary.

u STL15 Design Example.brdx - AASHTOWare Bridge Design: Steel Design Tool = m} x
m Design Input Design
Shear connector Beam: 1 w B o= 1
hf . design Minimum ~ | i — ) )‘ (D
Design Design = E 1 Specification Tabular Result Engine Delete Reset
input review esign ratio: checks results graphs output
Design run View results nput and review | BrDR
Y= Description Gt . Pin
run design ratio
1-11.1 G1 - Design (Volume = 79.9ft*3) A

Last Modified: 7/16/2024 17



STL15 - Steel Design Tool Example

Design | Girder Profile
The Girder Profile tab displays the ranges for steel plates along the web and flanges. After a design input run is
completed, these tables will display the program computed ranges. The user may modify these ranges and reanalyze

the member using the Design Review option.

1 -
Girder profile ‘ Stiffeners I Shear connectors | Schematics: Profile View
Web:
Depth Thickness S Start distance Length End distance
(ir) (in) PR 3 ]
> 60000 0500 1 ~ 0.000 75.000 75000
60000 0625 | 1 ~ 75.000 50.000 125,000
60000 0500 | 2 ~ 25.000 75.000 100000
Mew  Duplicate Delete
v

Design | Stiffeners
The Stiffeners tab displays the results of the stiffener design. This includes transverse stiffeners and bearing
stiffeners. The transverse stiffeners will only be designed when the design input option to Use Transverse

Stiffeners in the Design Input | Beam Parameters window is selected.

, - ~ - -
[ STL15 Design Example.brex - AASHTOWare Bridge Design: Steel Design Tool - 0O X
m Design Input | Design

Shear connector Beam: 1 “ — —; -
[ y v - =
L s @ design - i) il | X o
: inimum - - -
Design  Design v - 10 Specification  Tabular  Resut  Engine C4 Lo
input  review L checks results  graphs  output
Design run View results Inputand review  BrDR
Design Description Crtical Fin
run design ratio
2 1na G1-Design (Volume = 79.9ft3) v 1010 =
{ 1 -
Girder pmfile| eners | Shear connectors | Schematics: Profile View
Transverse Seiffencrs:
One sided
Transverse Stiffener Width: in
Transverse Stiffener Thickness: in
Start Distance ~ Number of Spacing Length End Distance
L () Spaces (i) (i) ()
|
| |

|
)

Last Modified: 7/16/2024 18



STL15 - Steel Design Tool Example

Design | Shear connectors

The Shear connectors tab shows the results of the shear connector design if enabled and if the member has
composite regions.

ﬂ 5TL15 Design Example.brdx - AASHTOWare Bridge Design: Steel Design Tool

lag Design Input | Design

y Shear connector Beam: 1 v - &
L;‘,‘Z LS - de=ion Minimum ‘i—l E Ml —| x (D
Design  Design desi - 10 Specification  Tabular  Result  Engine o
input review esign ratio: checks results graphs output
Design run View results Input and review | BrDR
B0 Description Gt _ Pin
run design ratic
2 1-111 G1- Design  (Volume = 79.9ft"3) ' 1.010 A

a
| Girderpmlilel Stiffeners | Shear connectors | gchematics: Profile View

Shear Connectors
Stud Height: 6.000 in
Steel Minimum Tensile Strength: | 60.000 ksi
Shear Number per Number of Transverse Spacing 5 t Start Distance Length End Distance
Connector Row Spaces (in) PPt [ft) ] {#t)

» | Shear Stud v 3 80 4600 1 - 0.000 40,000 40.000

Shear Stud v 3 120 4600 1 ~ 40,000 60.000 100.000

Shear Stud v 3 120 4600 2 ~ 0.000 60.000 60.000

Shear Stud v 3 80 4600 2 £ 60.000 40.000 100.000

-

Design | Schematics: Profile View

The Schematics: Profile View tab shows a schematic of the girder design.

o
Girder profile I Stiffeners [ Shear connectors | Schematics: Profile View \

Bk QY M % -

P— war

Last Modified: 7/16/2024 19




STL15 - Steel Design Tool Example

Design | Specification Check

To view the specification check results, click on the Specification checks button from the View results group of the

Design ribbon.

- ~
[0 STL15 Design Example brdx - AASHTOWare Bridge Design: Steel Design Tool

m Design Input | Desi

[£4Span2- 1000 ft. w

6.10.6.2.2 te Sections in Positive Flexure

Y Shear connector Beam: 1 v — @
3 ; =
L L . ; = X e
Design  Design d P Specfication | Tebular  Result  Engine i oo
input  review ‘esign ratio: checks results  graphs  output
Design run View results Input and review  BrDR
Design Description Critieal Pin
run design ratio
s 1 G1-Design (Volume = 79.9t*3) v 1010 ~
-
[ STL15 Design Exsmple.brdx - Design Run 1-11.1 X
Specification checks
Articles
\/2 All articles ~
Properties AP energe  Format
Bullet list ~
I Girder profile l Stiffeners I Shear con| Spedification filter Report
By @ Q& |E% | 35% | 4ILSuperstructure Component & | Specification reference Pass/Fail -
» Ly Stage 1 1.3.2.1 Design Philosaphy - Limit State - General General Comp.
b yStage 2 /' 25.26.2 Criteria for Deflection Passed
4|yStage 3 46271 |-Sections - Lateral Wind Load Distribution in Multibeam Brid  General Comp,
" 46 5.4.2.6 Modulus of Rupture General Comp.
(9 5pan 1-000 ft. 54.2.8 Concrete Density Modification Factor General Comp.
(LSpan 110001 5101 Estimated Flange Lateral Bending Stress Proportioning General Comp.
o z"‘*“ : - ;s'zg 2 6.10.1.1.1b Stresses for Sections in Positive Flexure General Comp.
(ZSpan T-0001 6.10.1.10.1 Hybrid Factor, Rh General Comp.
(Z1Span 1-2500 ft,
6.10.1.10.2 Web Load-Shedding Factor, Rb General Comp.
[Span 1-30.00 )
/ 61016 Flange Stress and Member Bending Moments Passed
SASpan-3730 +/ 61007 Minimum N Flexure C Deck Reinf Passed
i5pen 1- 4000 .10.1.7 Minimum Negative Flexure Concrete Deck Reinforcement asst
Spen 1-5000% 6.10.1.9.1 Webs without Longitudinal Stiffeners General Comp.
(1 Span 1-60.00 ft. + 6.10.10.1 Shear Connectors - General Passed
{24 Span 1 - 6250 . + 6.10.10.1.2 Pitch Passed
a [L4Span 1- 7000, 6.10,10.2 Fatigue Resistance General Comp.
[1Span 1- 7500 ft. NA 6.10.11.1.2 Transverse Stiffeners - Projecting Width Not Applicable
L [Z4Span 1- 8000 ft. 1A, 6.10.11.1.3 Transverse Stiffeners - Moment of Inertia Not Applicable
I Span 1-8750ft + 6.10.2 Cross-Section Proportion Limits Passed
(4 Span 1-90.00 ft. + 6.10.4.2.2 Flexure Passed
(_1Span 1- 10000 f NA 6.10.5.3 Special Fatigue Requirement for Webs Mot Applicable
General Comp. v

Last Modified: 7/16/2024
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STL15 - Steel Design Tool Example

Design | Tabular Results

To view the tabular results, click on the Tabular results button from the View results group of the Design ribbon.

[' DB STL15 Design Examplebrcb - AASHTOWare Bridge Design:Steel Design Tool - o X
Design Input | Desig
, @@ Shear connector Beam: 1 v - = &«
D:ijn DE;{QN . . Cacmmn. [ Spc('\ﬂ(]at\nn R:;;’I‘t Eng'\nL X S
nput  review desanmtic e grphs  output  DTTe R
Design run View results Input and review  BrDR
Design Descrition Critical = ‘ ‘
run design ratio
| 1) G1-Design (Volume 3 =g <7115 Design Example.brax - Design Run 1-11.1 - o X
Tabular results
=)
print
Print
| Reporttype Desd Load Actions Stage  Stage | v Deadload case  Load Case 1- Self Load(Stage 1DDC)
Gderjpromel[Mstirensr=H| Ishesrconney Moment Shear Avdal Reaction | Xdeflection ¥ deflection
Span Location
B EQQ e @Y s - (kip-ft) () (kip) (kip) (in) (in)

1 0.00 000 657 000 657 0.0000 0.0000

1 10.00 5671 477 000 0,0000 00678

1 1250 6807 432 000 0.0000 00834

> 2000 9539 207 000 0,0000 01246

1 25.00 107.96 206 000 0.0000 -0.1463

1 25.00 107.96 206 000 0.0000 -0.1463

1 3000 11603 116 000 0.0000 01626

1 3750 11967 019 000 0,0000 01763

1 4000 11363 -064 000 0.0000 01779

1 50.00 103.20 244 000 0.0000 01697

1 5000 103.20 244 000 0.0000 -0.1697

1 60.00 6074 425 000 0,0000 01413

1 6250 5856 -470 000 0,0000 01317

0 1 70.00 1824 605 000 0.0000 00993

1 75.00 1427 505 000 0,0000 00763

- 1 75.00 1427 -695 000 0.0000 -0.0763

1 80.00 5199 514 000 0,0000 00538

Design | Result Graphs

To view the result graphs, click on the

Result graphs button from the View results group of the Design ribbon.

T STLIS Design Examplc - AASHTOWare Bidge Desigs Stee Desgn Too!

@ e comnsctor Beam
ce

e v

sgn
Design  Design & Minimuen 1 Spectieation
nout review desgn rato: checks.
[0 STL15 Design Example brcx - Design Run 1-41.1
Design
wn Tobuar results
2103
)
Properties Apply

4@ Moment a
B 0t
e

{8 Losd Cose 1 - Seff Losd(Stage 1000

Span

» | Uveload

@ ® 100
Distance [ft]
MDLS! Span-

Location Distance Lo Case 1 - Self
Load(Stage 1:0,0C)

) 000 000
o 1000 671
100 1250 07
w0 2000 9539
00 2500 10796
00 3000 11603
0 750 11957

MDLS1 Span-
Load Case 2

140

MDL-S1 Span-
Load Case 4

MOLS1 Span-
Load Case 5

Haunch Losd(Stage ~ Exterioe Disphragm  Cancrete Deck Load

1000
000
480
576

LosdsiStage 1:0.00)
000
a9

614

(Stage 10.0C)
000

31247

g

s249

50369
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STL15 - Steel Design Tool Example

Design | Engine Outputs

To view the contents of the engine output files, click on the Engine outputs button from the View results group of

the Design ribbon, and then double-click on the row corresponding to the required file.

-
[ STL15 Design Example.brox - AASHTOWare Bridge Design: Steel Design Tool

ﬂ Design Input | Desig

\ gy Shear connector Beam: 1 ~ -
D:s’\:’n ae:gr = ULl T 1 SDeciﬁ:alti:m TaU;r Result X ©
o design ratio: p e Delete  Reset
Design run View results Input and review  BrDR
Design Description Critical =
run design ratio
2111 G1- Design (Volume = T9.9ft*3) v 1010 L
[ STL15 Design Example.brdsx - Design Run 1-11.1 - o x
Engine o
A Open
folder
Output
| Girder profile | Stiffeners | Shear co
Bk Qe B s Category Description File name
> | Reinforcement Development Len... | Stage 2 Deck Reinforcement Development Length Calculations | s2 SpantridDeckReinfDevLengthCaleslog

Reinforcement Development Len... | Stage 3 Deck Reinforcement Development Length Calculations 53 SpanLridDeckReinfDevLengthCalcslog
FE Analysis Stage 3 3 Infi Lines Finite Element Mode! and Load Cases 53 Infl Lines Span XML
FE Analysis Stage 3 3 Infi Lines Element Actions, Support Reactions, and Nodal Displacements 53 Infl Lines Span Actions XML
LL Distribut Live Load Distribution Factors Calculations LRFD Dist Factor Calcs.TXT
LL Distribution Live Load Distribution Factors Calculations Summary LRFD Dist Factor Summary.TXT
Specification Checks Stage 3 Spec Check Results Stage 3 Spec Check Results XML

<

. Open  Delete

Last Modified: 7/16/2024
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STL15 - Steel Design Tool Example

Design | Design Review

To illustrate the ability of the program to adjust results of the Design Input run, modify the Top flange table to
define a top flange width of 14 inches for all ranges and a thickness of 0.625 for the first and third range as shown
below. Select Design Review to analyze this modified design.

E STL15 Design Example.brdx - AASHTOWare Bridge Design: Steel Design Tool — [m]
m Design Input | Design
@y Shear connector Beam: 1 ~ — ] &
Bz design e =) 1252 I P | o
Design nimum 1 0 Specification  Tabular Result  Engine
. o Delete  Reset
input esign ratio: checks results graphs output
Design run View results Input and review | BrDR
Design Description C.mlml 9 Pin
run design ratio
21111 G1-Design {Volume = 79.9ft*3) ~ 1010 =
a
Top flange:
Width Thickness Support Start distance Length End distance
(in) (in) e ") ) (]

ol 14000 0623) 1 v 0.000 75.000 75,000

14,000 1.000| 1 v 75.000 50.000 125.000

I 14,000 0.625] 2 v 25.000 75.000 100.000

New Duplicate | Delete
- v
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STL15 - Steel Design Tool Example

After the program finishes performing the design review, it will add another row to the design run grid. The design

review runs are indicated with an R displayed in the Design run column in contrast to an | shown in that column for

design input runs. The results for the Design review runs are displayed and can be reviewed or further modified the

same way as design input runs. Additional design input runs can be performed by modifying the input on the Design

Input tab. Each of the design runs, either input or review, stores a copy of its design input data that is reloaded every

time the design input run is selected in the design run grid.

ﬂ STL15 Design Example.brdx - AASHTOWare Bridge Design: Steel Design Tool - [m]
.HE Design Input Design
Shear connector Beam: 1 ~ = e -
' =
v B Minimum ] = X
Design  Design . - Specification  Tapular  Result  Engine L oo
input  review design ratio: checks results  graphs  output
Design run View results Input and review = BrDR
Deaon Description Gt Pin
run design ratio
1-11.1 G1 - Design {Volume = 79.9ft*3) v 1010 =
l * 1-R11 G1 - Design Review ' 1008 = ]
a
Top flange:
Width Thickness Support Start distance Length End distance
(in) (in) PP ") ) (#t)
» 14,000 0625 1 w 0.000 75.000 75.000
14.000 1.000 | 1 ~ 75.000 50.000 125.000
14.000 0625 2 = 25.000 75.000 100.000
New Duplicate  Delete
v

Last Modified: 7/16/2024
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AASHTOWare BrDR 7.5.1

Concrete Shear LRFR Rating Iteration Tutorial

MBE 2023 Spec Interim Update — Shear Rating Iteration Example ‘



MBE 2023 Spec Interim Update - Shear Rating Iteration Example

BrDR Training

MBE 2023 Spec Interim Shear Rating Iteration Example

This example illustrates the effects of using concurrent load effects, iterative shear rating and Modified Compression
Field Theory (MCFT) control options for Load and Resistance Factor Rating (LRFR) shear rating of concrete
structures (prestressed, post tensioned and reinforced) based on the MBE 3™ edition, 2023 specification interim

update.

Topics Covered

e  Concurrent forces considered for non-iterative shear rating

e Control option added to consider iterative shear rating

e  Control option added to consider modifying MCFT theta

e Control option added to consider modifying MCFT size effect

e MBE 2023 specification interim update for reinforced concrete box culverts

This tutorial uses the bridge from prestressed concrete structure tutorial PS3. From the Bridge Explorer import the

bridge given with the PS3 tutorial.

Concurrent forces considered for non-iterative shear rating

This section discusses the effects of using concurrent forces for LRFR shear rating of concrete bridges without any
iterations. This is applicable to all concrete structures, i.e., reinforced concrete, prestressed concrete, post tensioned

concrete and reinforced concrete box culverts.

Member Alternative Description — Control options
Navigate to the member alternative Precast Box Alternative of member G2, double click on it (or click the Open
button from the WORKSPACE ribbon) to open its Member Alternative Description window. Navigate to the

Control options tab as shown below.

= Bridge Workspace - PSAdjBoxTrainingBridge ANALYSIS REPORTS ? = o X
BRIDGE WORKSPACE 'WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING
#  JLE 731 [ty ~ —t

77 ) 1, &

(@ B0 (@] (0 3 0

Validate Save Close Export Refresh Open Copy Duplicate Delete Schematic

Bridge Manage

Workspace 2 X & X 2 X

Bridge  Components
Bal Bracing Spec Lheck Selection a
i Structure Typical Section

o Superstructure Loads

[ Concrete Stress Limits

[ Prestress Properties

[ Shear Reinforcement Definitions

= 3 MEMBERS

o

T Taz
ke Member Loads
" Supports

Last Modified: 7/16/2024 1



MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Uncheck the Ignore design & legal load shear and Ignore long. reinf. in rating for this example.

&M Member Alternative Description

Member alternative: Precast Box Alternative

Description  Specs  Factors  Engine  Import

LRFD

21 Points of interest
Generate at tenth points except supports
Generate at suppert points

Generate at support face & critical shear points

Generate at section change points

Generate at user-defined points
(1 Shear computation method
Ignore
© General procedure

General procedure - Appendix B3

LFR
31 points of interest
Generate at tenth points except supports
Generate at suppert points
Generate at support face & critical shear points

Generate at section change points

B Generate at user-defined points
[E15hear computation method

Ignore

Use AASHTO 1979 interim code
O use current AasHTO

Control options

LRFR
QD Use gross section properties

Use transformed section properties
EIMulti-span analysis

Continuous
Continuous and simple
Ignore permit load shear
Consider legal load tensile concrete stress
Consider splitting resistance article

v Ignore tensile rating in top of beam

Consider deck reinf. development length

nsider permit load tensile steel stress

[T ignore long. reinf. in rating

Distribution factor application method

By axle
Q &yrol
Allow negative epsilon in general shear method
Allow moment redistribution
Consider iterative shear rating
Modify MCFT theta
Modify MCFT size effect

OK

Apply

[m]

Cancel

ped

Click OK to apply the data and close the window.

LRFR Rating

Perform an LRFR rating of the member alternative using the analysis settings shown below.

Dy Analysis Settings

Design review () Rating

Analysis type: Line Girder

Vehicles ~ Qutput  Engine  Description

Traffic direction: Both directions ~
Vehicle selection

Bl -Vehicles
E-Standard
Ev2
EV3
--H 15-44
H 20-44
--HL-03 (SI)
HL-93 (US)
--HS 15-44
--HS 20 (SI}
HS 20-44
Lane-Type Legal Load
- LRFD Fatigue Truck (SI)
LRFD Fatigue Truck (US)
NRL
..5Ud
SU5
..SUG
su7
Type 3
- Type 3-3
Type 352
- Agency
User defined
Temporary

Reset Clear Cpen template

Remove from

Save template

Rating method: LRFR. -

Apply preference setting: None v

Refresh Temporary vehicles Advanced

Vehicle summary

5 Rating vehicles
S-LRFR
Design load rating
Inventory

Operating

Add to

Fatigue

----- LRFD Fatigue Truck (US)
Legal load rating

Routine

Specialized hauling
~Permit load rating

<<

CK Apply

O

Cancel

X

Last Modified: 7/16/2024




MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Specification Check Detail
When the rating is finished, the specification check detail can be reviewed by clicking the Specification Check Detail
button from the Results group of the DESIGN/RATE ribbon.

r -
E Bridge Workspace - PSAdjBoxTrainingBridge ANALYSIS REPORTS 7 — [m] *

BRIDGE WORKSPACE

& < B B % B

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

WORKSPACE

TOOLS

VIEW DESIGN/RATE REPORTING

Analysis Results

The window shown below will open. Navigate to the Stage 3 specification check detail for the analyzed member

alternative and select the Span 1 — 19.00 ft point of interest.

M Specification Checks for Precast Box Alternative - 26 of 671 — [m| X
Articles
y 'j All articles -
. =
Properties Generate Format
Bullet list e
Specification filter Report
4 |_j Superstructure Component Specification reference Limit State Flex. Sense Pass/Fail
» |_| Prestress Calculations /' 54.2.1 Compressive Strength N/A Passed
» || Stage 1 5.4.2.5 Poisson's Ratio MN/A General Comp.
b |_|Stage 2 5.4.2.6 Madulus of Rupture N/A General Comp.
4 |_|Stage 3 5.4.2.8 Concrete Density Modification Factor N/A General Comp.
4 || Precast Box Alternative| | s 5532 Reinfarcing Bars and Welded Wire Reinforcement N/A Not Required
Iy Span 1-000 f. 5.5.4.2 PS Strength Limit State - Resistance Factors N/A General Comp.
- zpan 1 . ig? : [B 5.6.2.2 Rectangular Stress Distribution M/A General Comp.
- Span . i 9'50 ﬂ- v/ 5.6.3.2 PS Flexural Resistance (Prestressed Concrete) MN/A Passed
an 1-9.50 ft.
= Sp TTo00R v/ 5.6.3.3 Minimum Reinforcement /A Passed
an 1 - 19. :
& SZan ass0n & 5.7.4 Interface Shear Transfer N/A Mot Required
o Span 1 - 3BI00 ﬂ. A 5.7.4.2 Minimum Area of Interface Shear Reinforcement MN/A Mot Required
[{Span 1-47.50 ft v/ 5.9.2.3.2b Tensile Stresses M/A Passed
|4 Span 1 - 57.00 ft 5.9.4.3.2 Bonded Strand MN/A General Comp.
|_1Span 1- 66,50 ft. v/ 64.4.2.1 Design Load Rating Prestress Service Il Tensile Stress N/ Passed
|1 5pan 1-76.00 ft. v/ 6A4.2.1 General Load Rating Equation - Concrete Flexure MAA Passed
|2 Span 1 - 85.50 ft. X 6A.4.2.1 General Load Rating Equation - Concrete Shear MAA Failed
|4 Span 1-91.99 ft. ', 64.4.2.1 Shear-5.6.3.3 Minimum Reinforcement MN/A General Comp.
| Span 1-93.00 ft. v/ 64.4.2.1 Shear-3.7.2.5 Minimum Transverse Reinforcement N/A Passed
|1 Span 1 -95.00 ft. v/ 64.4.2.1 Shear-3.7.2.6 Maximum Spacing of Transverse Reinforcement MAA Passed
6A.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance /A General Comp.
p
\ 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance N/A General Comp.
¥ 6A.5.8 Evaluation for Shear MN/A Failed
Computation of Vp MAA General Comp.
Cracked_Moment_of_Inertia Section Property Calculations MAA General Comp.
PS_Basic_Properties Calculation N/A General Comp.
P p
PS_Gross_Composite_Section_Properties PS Gross Composite Section N/A General Comp.
P p P p

The highlighted articles for MBE 6A.4.2.1 shear rating are available for an LRFR shear rating of concrete structures.
These articles along with 6A.5.8 Evaluation of Shear and 6A.4.2.1 General Load Rating Equation — Concrete Shear

articles, use the concurrent load effects to compute the shear capacity and rating factors.

Following sections highlight the MBE 3™ edition 2023 spec interim implementation for an LRFR analysis.

Last Modified: 7/16/2024 3



MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Article 6A.4.2.1 Shear-5.6.3.3 Minimum Reinforcement computes the cracking moment (Mcr) for each load case as

shown below.

A new column — “Governing Action” has been added to indicate the primary action considered. For example, in
2022 interim, rating factors were computed using the envelope moment and shear values. In 2023 interim, shear
concurrent actions with maximum (Max M) and minimum (Min M) moment, moment concurrent actions with

maximum (Max V) and minimum (Min V) shear are being considered for load rating.

ﬂ Spec Check Detail for 6A.4.2,1 Shear-53.6.3.3 Minimum Reinforcement

(AASHTQO Manual

PS Box Rect Void - At Location = 19.0000 (ft) - Left

Shear -

5 Concrete Structures
5.6 Design for Flexural and Axial Effects - B Regions

Stage 3

Crosa Section Properties for Prestress box beam with Rectangular woid

Name: BIII

Beam Height

Top Slab Width
Top Slab Thick
Bottom 3lab Width
Bottom 31lab Thick

Shear Key
Shear Key
Shear Key
Bl

Slab f'ec
Effective
Effective

Input:
Ir beam =
ScTop
ScBot
Gammal
Gamma2
Gamma3
Gamma3

Mcr = Gamma3
Hote: If the

48 Girder f'c = 5.00(ksi)

Girder f'ci = 4.00(ksi)

Side Wall Thickness

Top
Height
Depth
= 0.00 (k3i)
Slab Width = 0.00(in) Haunch Width
Slab Thickness = 0.00(in) Haunch Thickness
0.54ksl
-85€9.07in"3 Mdnc = §812.35kip-in
8734.21in"3 SncBot = 8734.21in~3

{Prestressed Concrete)
{Reinforced Concrete)

O e

* [( geammal*fr + Gamma2*fcpe)*Sc - Mdnc *
capacity has been overridden,
Otherwise the Resistance is computed as per the Specification.

{Sc/Snc - 1)]
the Resistance 13 computed as override phi*override capacity.

for Bridge Ewaluation, Third Edition with 2023 Interims)

5.00(in)

(5.6.3.3-1)

Limit Load fepe fr Gamma3 Gowerning Mu vu

State Comb ksi ksi Action kip

STIR-1 1, Deslnv 2.2z 0.54 1. Max M g

STIR-1 1, DesInv 2.2z 0.24 1. Min M B

SIR-1 1, Deslnv 2.22 0.54 1. Max V B

SIR-I 1, Deslnv 2.22 0.54 1. Min V B

STR-T 1, DesOp 2.22 0.54 1. Max M

STR-T 1, Deslp 2.22 0.54 1. Min M 8

STR-T 1, DesCp 2.22 0.54 1. Max V 8

STIR-I 1, DesOp 2.2z 0.34 1. Min V g

SIR-I 2, DesInv 2.22 0.54 1. Max M g

STIR-1 2, Deslnv 2.2z 0.24 1. Min M B -
SIR-1 2, Deslnv 2.22 0.54 1. Max V B .
SIR-I 2, Deslnv 2.22 0.54 1. Min V B .
STR-T 2, DesOp 2.22 0.54 1. Max M -
SIR-1 2, DesCp 2.22 0.54 . Min M .18
STR-T 2, DesOp 2.22 0.54 1. Max V .18
STIR-I 2, DesOp 2.2z 0.34 1. Min V .18
SER-III 1, DesInv 2.22 0.54 1. Max M . .18
SER-IIL 1, Deslnv 2.2z 0.54 1. Min M 26 .18
SER-III 1, DesInv 2.2z 0.34 1. Max V =13 1.18
SER-III 1, Deslnv 2.22 0.54 1. Min V .52 1.18
SER-TIT 2, DesInv 2.22 0.54 1. Max M Ba .18
SER-III 2, DesInv 2.22 0.54 1. Min M 28 .18
SER-TIT 2, DeslInv 2.22 0.54 1. Max V 16610.61 48 .18
SER-IIT 2, DesInv 2.22 0.54 1. Min V 14554.01 .97 1.18

HL-93 (US) - Truck + Lane
HL-93 (US) - Tandem + Lane

Figure 1 - 6A.4.2.1 Shear-5.6.3.3 Minimum Reinforcement

Note: Article “LRFD 5.6.3.3 Minimum Reinforcement” will only be applicable for determining Mcr for flexural

resistance using the envelope moment.
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

[ Spec Check Detail for 64.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance

€2.4.2.1 Shear - 5 Concrete Structures
€R.4.2.1 Snear - 5.7 Shear and Torsion
€A.4.2.1 Shear - 5.7.3 Sectional Design Model
6A.4.2.1 - 5.7.3.

.1 She: or Shear B
{RASHTO Manual for Bridge Evaluation, Third Edition with 2023 Imterims)

PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3

Calculation of Beta/Theta

0.000 (kips/in~2)
0.900
5.000 (kips/in~2)
0.837 (kips/in~2)
60.000 (kipa/in~2)
1,000
0.000 (kips)
Ep = 28500.000 (kips/in~2)
0.000 (in“2) (used for Bositive Mu
0.000 (in"2) (used for Negative Mu)
4.284 (in"2) (used for Positive Mu)
= 0.306 (in*2) (used for Negative Mu)

183.000 (kips/in~2)
EC = 4592.232 (kips/in~2)

Beta Calc (used in table below) :
1) - Beta = 4.3 / (1 + 750 Epsilons)
(4.8 / (1 + 750 Epsilens) )} *

(2) - Beta = (51 7 (39 + swe) )

sme = sx * (1.33 / (ag + 0.63) )

Mu_calc = Max(Mu, |Va - ¥p| * dv)
Modify MCFI Thet: No
Modify MCFT Size Effect: Ko
fpc / f'c = 0.1
Limit Load Epsilon Theta Beta Governing Mu Mu Calc Vu Nu bv dv Sx Sxe Beta Calc Rct Av &s
State Comb Action
(kip-in) (kip-in) (kips) (kipa) (in) (in) (in) {in) (in~2) (in~2)
STR-I 1, DesInv 0.002471 1.68 Max M 33228.57 33228.57 127.29 33.77 33.77 - 1) 0.40 0.00
STR-I 1, DesInv 4.230 Min M 11318.63 11318.68 37.57 33.77 33.77 - (1) 0.40 0.00
STR-I 1, DesInv 1.81 Max V 32064.13 32064.13 128.56 33.77 33.77 - (1) 0.40 0.00
STR-L 1, DesInv 4.80 Min V 22779.24 22779.24 25.01 33.77 33.77 - (1) 0.40 0.00
STR-T 1, DesOp 2.64 Max M 28220.60 28220.60 106.78 33.77 33.77 - 1) 0.40 0.00
STR-I 1, DesOp 4.80 Min M 11318.68 11318.68 37.57 33.77 33.77 - (1) 0.40 0.00
STR-1 1, Desop 2leo wax v | zazzol  27asslal 107.77 33017 3307 - o.an 0l00
SR 1 1, Desop also winv | z01sses  2oassies  27.88 33l17 3317 T o.a0 0l00
STR-I 2, DesInv 2.30 Max M 29541.81 29541.81 111.12 33.77 33.77 - 1) 0.40 0.00
STR-T 2, DesInv 4.80 Min M 11318.62 11318.88 37.57 33.77 33.77 - 1) 0.40 0.00
STR-I 2, DesInv 2.55 Max V 28377.37 28377.37 112.38 33.77 33.77 - (1) 0.40 0.00
STR-L 2, DesInv 4.80 Min V 23878.56 23878.56 23.80 33.77 33.77 - (1) 0.40 0.00
STR-L 2, DesOp 3.93 Max M 25376.52 25376.52 94.31 33.77 33.77 - (1) 0.40 0.00
STR-I 2, DesOp 4.80 Min M 11318.62 11318.88 37.57 33.77 33.77 - 1) 0.40 0.00
STR-I 2, DesOp 4.51 Max V 24478.24 24478.24 95.29 33.77 33.77 - (1) 0.40 0.00
STR-I 2, DesOp 4.20 Min ¥ 21007.73 21007.73 26.95 33.77 33.77 - (1) 0.40 0.00
SER-III 1, DesInv 4.80 Max M 18828.30 18828.30 70.27 33.77 33.77 - (1) 0.40 00
SER-IIT 1, DesInv 4.8 Min M 8812.35 8812.35 29.28 33.77 33.77 - 1) 0.40 0.00
SER-IIT 1, DesInv 4.8 Max V 18295.99% 18295.99 70.88 33.77 33.77 - (1) 0.40 0.00
SER-IIT 1, DesInv 4.8 Min V 14051.47 14051.47 23.52 33.77 33.77 - (1) 0.40 0.00
Sta1nl 2, Desnv also waxw | 1714703 17112083 62.88 33l17 3307 - m o.a0 0l00
SER-IIT 2, DesInv 4.80 Min M 8812.35 8812.35 29.28 33.77 33.77 - 1) 0.40 0.00
SER-IIT 2, DesInv 4.8 Max V 16610.61 16610.61 63,48 33.77 33.77 - 1) 0.40 0.00
SER-ITT 2, DesInv 4.8 Min ¥ 14554.01 14554.01 22.97 33.77 33.77 - (1) 0.40 0.00
Load Combination Legend:
Code Vehicle
1 HL-93 (US) - Truck + Lane
2 HL-93 (US) - Tandem + Lane
Figure 2 - 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance
m Spec Check Detail for 6A.4.2.1 Shear-5.7.2.5 Minimum Transverse Reinforcement
©8.4.2.1 Shear - 5 Conorete Structures
€81421 Shear - 5.7 Shear and Torsion
G2130311 Shear - 5.7.2 General Reguizemencs
Ga13.211 Shear - 5.7.2.5 Vinimum Transverse Reinforcement
(RASHTO Memual for Bringe Evalustisn, Tnira Edicion with 2023 Interims)
Bs Box Reot Vsid - At Locazion - 19.0000 (fo) - Lefc  Stage 3
Creck
Vu > 0.5 * phi * (Vc + Vp) (5.7.2.3 = 1)
Av >= 0.0316 * lambda * SQRT(f'c) * bv * = / fy (5.7.2.5 - 1)
i - 5.000ks:
£y~ 60 000ks1
£ns - 01300
Tambas < 1.000
Note: Ty - Yiela strength of transverse reinforcement (ki) =< 100 ksi.
Limit Load Vo Governing Vu Var El AV »= 0.0316 *lambda *SQRT(f'c) *bv * s/fy Pass/Fail
State Comb {kip) Action (kip) 0.5*phi* (Vo+Vp) (in) Provided(in~2)
STR T 1, Destav 013 sax 12729 res 12.00 0.14 Pass
STR 1 1) Destav 114,52 win 31,57 i 1200
STR-I 1, DesIav 43.22 Max V 128.56 Yes 1z.00 Pass
STR-I 1, DesIav 114.52 Min V 25.01 No 12.00
STR-I 1, DesaOp €3.05 Max M 106.78 Yes 12.00 Pass
STR-I 1, DesaOp 114.52 Min M 37.57 No 12.00
STR-I 1, DeaOp €9.03 Max V 107.77 Yes 1z.00 0.14 Pass
STel 1 teson 1315 v 3758 e 1300 -
TR 1 3, Deslny si.07 Max 1t 11,12 Tes 1300 011 Pass
TR 21 DesTny 13352 g 3.5 o 130
sTR1 2, DesTav 60.51 Max v 112,38 Tes 1300 0.1 Pass
TR 1 3, DesTav 132,52 win v 33.50 v 1300
TR 5, Desop 93.59 o 5431 ves 1300 Bass
e 2, pescp 1125 rin 31157 i 100
SRl 3, pesop 10755 rax v 3529 e 1300 011 bass
TR 2, peson 1145 win v 26,05 o 100
SR 1, Destnv 1145 e 027 res 100 o.11 Bass
SEI 1) Desnv FEvit] rin 29126 o 1300
SRII 1) Desnv 1145 rax v 0.6 res 100 en bass
SRIn 1) Desv 1343 win v 23052 o 1300
SteIn 2, Desuv 11415 o a2los res 1300 0.1 Bass
SR 2, Destuv 11415 win 25126 o 1300
SRl ) Deswv 1345 rax v ) ves 1300 014 Bass
SR 2, Destv 11415 rin v 2.3 w 1200

Load Combination Legend:

Code Venicle

1 HL-23
2 HL-23

(US) - Truck + Lane
(US) - Tandem + Lene

Figure 3 - 6A.4.2.1 Shear-5.7.2.5 Minimum Transverse Reinforcement
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

[ Spec Check Detail for 64.4.2.1 Shear-5.7.2.6 Maximum Spacing of Transverse Reinforcement

6A.4.2.1 Shear - 5 Concrete Structures
€A.4.2.1 Shear - 5.7 Shear and Torsion
€A.4.2.1 Shear - 5.7.2 General Requirements
6A.4.2.1 Shear - 5.7.2.6 Maxirum Spacing of Transverse Reinforcement
(RASETO Manual for Bridge Evaluation, Third Edition with 2023 Interims)
PS Box Rect Void - At Location = 19.0000 (£t) - Left Stage 3
Calculacion of Shear Stress on the concrete
Va > 0.5%phi * (Ve+Vp) (5.8.2.4-1)
phi = 0.9000
f'c = 5.000ksi
Limit Load Ve Ve Governing Vu v av vu s Spacing Status
State Comb (kip) (kip) Action (xip) 0.5¥phi* (Ve+Up) {in) (in) (ksi) 0.125%f'c (in) criteria
STR-I 1, DesInv 40.13 0.00 Max M 127.28 TRUE 10.00 33.77 0.42 TRUE 12.00 Pass
STR-I 1, DesInv 114.52 0.00 Min M 37.57 FRLSE NA NA HR MR NR Pass
STR-I 1, DesInv 43.22 0.00 Max V 128.56 TRUE 10.00 33.77 0.42 TRUE 12.00 Pass
STR-I 1, DesInv 114.52 0.00 Min ¥ 25.01 FALSE WA Y NA Pass
STR-I 1, Des0p 63.05 0.00 Max M 106.78 TRUE 10.00 33.77 0.35 TAUE 12.00 Pass
STR-I 1, DesOp 114.52 0.00 Min M 37.57 FALSE NA NA NR NR Pass
STR-I 1, DesOp 69.03 0.00 Max V 107.77 TRUE 10.00 33.77 0.35 TRUE 12.00 Pass
STR-I 1, DesOp 114.52 0.00 Min V 27.88 FALSE NR MR NR NR Pass
STR-I 2, DesInv 54.97 0.00 Max M 111.12 TRUE 10.00 33.77 8.37 TRUE 12.00 Fass
STR-I 2, Deslnv 114.52 0.00 Min M 37.57 FALSE WA WA NA NA Fass
STR-T 2, Deslnv 60.94 0.00 Max ¥ 112.39 TRUE 10.00 33.77 0.37 TAUE 12.00 Pass
STR-I 2, Deslnv 114.52 0.00 Min V 23.80 FALSE NA NA NR NA NER Pass
STR-I 2, DesOp 93.69 0.00 Max M 94.31 TRUE 10.00 33.77 0.31 TRUE 12.00 Pass
STR-I 2, DesOp 114.52 0.00 Min M 37.57 FALSE NR MR NR NE Pass
STR-I 2, DesOp 107.53 0.00 Max V 85.29 TRUE 10.00 33.77 0.31 TRUE 12.00 Pass
STR-I 2, DesOp 114.52 0.00 Min ¥ 26.85 FALSE WA WA NA NA Fass
SER-IIT 1, Deslnv 114.52 0.00 Max M 70.27 TRUE 10.00 33.77 0.23 TAUE 12.00 Pass
SER-IIT 1, Deslnv 114.52 0.00 Min M 29.26 FALSE WA WA NA NA Pass
SER-IIT 1, DesInv 114.52 0.00 Max V 70.86 TRUE 10.00 33.77 0.23 TRUE 12.00 Pass
SER-IIT 1, DesInv 114.52 0.00 Min V 23.52 FALSE NR MR NR NR - Pass
SER-IIT 2, DesInv 114.52 0.00 Max M 62.88 TRUE 10.00 33.77 0.21 TRUE 12.00 Pass
SER-IIT 2, Deslnv 114.52 0.00 Min M 22.26 FALSE WA WA WA NA - Pass
SER-IIT 2z, Deslnv 114.52 0.00 Max ¥ 63.46 TRUE 10.00 33.77 0.21 TRUE 12.00 Fass
SER-IIT 2, DesInv 114.52 0.00 Min V 22.97 FALSE NA NA NR NA NR - ———-n/a~ Pass
Y J
Load Combinstion Legend:
Code Vehicle
1 HL-93 (US) - Truck + Lane
2 HL-93 (US) - Tandem + Lane
Figure 4 - 6A.4.2.1 Shear-5.7.2.6 Maximum Spacing of Transverse Reinforcement
E Spec Check Detail for 64.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance
BA.4.2.1 Shear - 5 Concrete Structures
6A.4.2.1 Shear - 5.7 Shear and Torsion
EA.4.2.1 Shear - 5.7.3 Sectional Design Model
6R.4.2.1 Shear - 5.7.3.3 Nominal Shear Resistance
{AASHTO Manual for Bridge Ewvaluation, Third Edition with 2023 Interims)
PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3
Calculation of Shear Resistance Vr
Ve = 0.0316¢ * Beta * lambda * S0RT(f'c) * bv * dv {3.7.3.3-3)
vl * fyl * dv (cot(theta) + cot(alphal)) * sin{alphal)
Vsl = * lambda duct {5.7.3.3-4)
E
Vs2 Av2 * fy2 * sin(alpha2) * lambda_duct {5.7.3.3-
Vs2Max = 0.0895 * lambda * SQRT(f'c) #* bv * dw {5.7.3.3-6
Vs = Vsl + min(Vs2, Vs2Max)
Post tensiocned = FARLSE
lambda_duct = 1.0000
Vnl =Vc + Vs + Vp {3.7.3.3-1)
Vn2 =0.25 * £f'c * bv * dv + Vp {5.7.3.3-2)
Vn = min{Vnl, Vn2)
vr = phi * Vn (5.7.2.1-1)
Resistance due to CONCTETE.
Registance due to stirrupa.
Resistance dus to only center 3/4 of sloped perticn of the longitudinal bars. {Article 5.7.3.3)
Resistance dus to prestressing.
Resistance due to force in inclined bars.
*Note: Vr includes the value Vrsl
Avl: Area of stirrups.
fyl: Yield Strength of stirrupa.
alphal: Angle of inclination of stirrups.
RAvl: Area of bent up longitudinal rebars.
fy2: Yield Strength of bent up longitudinal rebars.
alpha2: BAngle of inclination of bent up longitudinal rebara.
Input:
ohi = 0.300
f'c = 5.000 (k3i)
£yl = £0.000 (ksi}

alphal = %0.000 (Degrees)
lambda = 1.000

Consider
Consider
Consider
Consider

inclined forces option: No

sloped portion of longitudinal rebar option: Ho
iterative shear rating cpticn
MCFT theta option: Mo

Shear computation metheod: General
Iteration reguired: No

Figure 5 - 6A.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance Part 1

Last Modified: 7/16/2024 6
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Figure 6 - 6A.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance Part 2

—-- Override ---
V=2 Vs2Max Ve Vnl Vn2 Vn
{kip) (xip) (kip) (kip) {kip) Phi (kip)

0.0 71.73 0.00 422.06 - -—
0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.00 71.73 0.00 238.35 122.06 212.71

Figure 7 - 6A.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance Part 3

In 2022 interim, the load cases shown in the LL column are only envelope shear actions.

[ Spec Check Detail for 6A.4.2.1 General Load Rating Equation - Concrete Shear - O

esistance Factor Rating
ting Procedure
al Load-Rating Equation

4.2 crece she eral

(AASHTO Manual for Bridge Evaluation, Third Edition with 2022 Interims)

PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3

Snear Rating Factor Calculatiens

design & legal shear: False
Tmit shear: e

the Resistance 1z
2s per the Spec:

Note: If the capacity phi*override capacity.
o

nas
rwise the Resist.

Load Factors

Load Limit

Load Combo  State nc Di  DW-W5 L Bhi
Designlnv 1.25 1
DesignInv 1.25 1
DesignOp 1.25 1
DesignOp 1 1.25 1
Designlnv 2 1.28 1
DesignInv 2 1.25 1
Designop 2 1.25 1
Designop 2 1.25 1

Lead Combination Li

Venicl

- Truck + Lane

X

Figure 8 - 6A.4.2.1 General Load Rating Equation - Concrete Shear MBE 3rd edition, 2022 interim

Last Modified: 7/16/2024 7

Limit Load  Governing Mu Mul MuTL Vu VuDL Nu av Avl cot
State Combo Action  (kip-in)  (kip-in)  (kip-in) {kip) (kip) (xip) (in) (in) {in~2) Beta (Theta) ~ Epsilon
STR-I 1, DesInv Max M 33228.57 11318.68  21909.89 127.29 37.57 0.00 10.00 33.77 0.40 1.682 1.296  0.00247L
STR-I 1, DesInv Min ¥ 11318.68  11313.68 9.00 37.57 37.57 0.00 10.00 33.77 0.40 4.800 1.804  0.000000
STR-T 1, DesInv  Max V. 32064.13  11318.68  20745.45 128.56 37.57 a.00 10.00 33.77 0.40 1.812 1.342  0.002199
STR-T 1, DesInv  Min V 22779.24  11318.68  11460.56 25.01 37.57 a.00 10.00 33.77 0.40 4.800 1.80  0.000000
STR-I 1, Desop  Max M 28220.60 11318.68 16901.91 106.78 37.57 0.00 10.00 33.77 0.40 2.643 1.551  0.001088
STR-I 1, DesOp  Min M 11318.68  11313.68 9.00 37.57 37.57 0.00 10.00 33.77 0.40 4.200 1.804  0.000000
STR-T 1, DesOp  Max V. 27322.31 11313.68  16003.63 107.77 37.57 a.00 10.00 33.717 0.40 2.283 1.596  0.00087%
STR-T 1, DesOp  Min V. 20159.68  11318.68  8841.00 27.88 37.57 a.00 10.00 33.77 0.40 4.800 1.80¢  0.000000
STR-T 2, DesInv  Max M 29541.81 11318.68  18223.13 111.12 37.57 0.00 10.00 33.77 0.40 2.308 1.479  0.001444
STR-I 2, Deslnv Min M 11318.68  11313.68 9.00 37.57 37.57 0.00 10.00 33.77 0.40 4.200 1.804  0.000000
STR-T 2, DesTnv  Max V. 28377.37 11318.68  17053.69 112.38 37.57 a.00 10.00 33.77 0.40 2.554 1.534  0.001172
STR-T 2, DesInv  Min V 11318.68  12559.88 23.80 37.57 a.00 10.00 33.77 0.40 4.800 1.804  0.000000
STR-T 2, DesOp  Max M 11318.68  14057.84 $4.31 37.57 0.00 10.00 33.77 0.40 3.927 1.729  0.000296
STR-I 2, Desop  Min M 11318.68 9.00 37.57 37.57 0.00 10.00 33.77 0.40 2.800 1.804  0.000000
STR-T 2, DesOp  Max V. 11318.68  13159.56 85.23 37.57 a.00 10.00 33.77 0.40 4.507 1.782  0.000087
STR-T 2, DesGp  Min V 11318.68  9689.05 26.95 37.57 a.00 10.00 33.77 0.40 4.800 1.804  0.000000
SER-TIT 1, DesInv Max M 8812.35 10015.95 70.27 29.26 0.00 10.00 33.77 0.40 2.800 1.804  0.000000
SER-III 1, DesInv Min M £8812.35 9.00 29.26 29.26 0.00 10.00 33.77 0.40 2.800 1.804  0.000000
SER-III 1, DesInv Max V. 8812.35  9433.63 70.86 29.26 0.00 10.00 33.77 0.40 4.200 1.204  0.000000
SER-ITT 1, DesInv  Min V 8812.35  5239.11 23.52 29.26 a.00 10.00 33.77 0.40 4.800 1.804  0.000000
SER-TIT 2, DesInv  Max M 8812.35  8330.57 62.88 29.26 a.00 10.00 33.77 0.40 4.800 1.806  0.000000
SER-III 2, Deslnv Min M 8812.35 9.00 29.26 29.26 0.00 10.00 33.77 0.40 4.800 1.804  0.000000
SER-III 2, DesInv Max V 8812.35  7793.26 63.46 29.26 0.00 10.00 33.77 0.40 4.200 1.804  0.000000
SER-TIT 2, DesInv  Min V. 8812.35  5741.66 22.97 29.26 a.00 10.00 33.77 0.40 4.800 1.804  0.000000
Load Combination Legend:
Code Vehicle

1 HL-95 (US) - Truck + Lane

2 HL-93 (US) - Tandem + Lane
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In 2023 interim, the LL values shown for governing action Max V and Min V are the envelope shear values. For

govening action Max M and Min M, shear concurrent with moment are considered. This results in new load cases.

[l Spec Check Detail for 64.4.2.1 General Load Rating Equation - Concrete Shear - o X

€A Load and Resistance Factor Rating H

€A.4 Load Rating Procedures
€R.4.2 General Load-Rating Equation

€A.4.2.1 Concrete Shear General

(BASHTO Manual for Bridge Evaluation, Third Edition with 2023 Interims)

PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3

Shear Rating Factor Calculacions

Input:
Cendition Factor = 1.0000
Systen Factor = 1.0000

DC Shear (Max)
DC Shear {Min)

25.2718 (kip)
25.2718 (kip)

DW Shear (Max) 3.9900 (kip)
DW Snear (Min) 3.9900 (kip)
DW-WS Shear (Max) 0.0000 (kip)
DW-WS Shear (Min) 0.0000 (kip)

Ignore design & legal shear: False

Ignore permit shear: True

Neve: If the capacity has been cverridden, the Resistance is computed as override phitoverride capacity.
Ocherwise the Resistance is compuced as per the Specification.

Y EE— Load Factors -- Override — —_—
Iead Limit Governing adi.

Load Combe  State Action 1L L 1 W DW-WS had Ens Vo Eni o RF | capacity
(k1p) (k1p) (kip) (kip) (Ton)
DesignInv 1 STR-T Max M 51.26 1.25 1.50 1.50 1.75 0.30 127.67 0.262 31.03
Designinv 1 1.2% 1.50 1.50 1.75 0.30 236.35 99,000 | 3564.00
DesignIny 1 1.25 1.50 1.50 1.75 0.90 133.83 0.911 32.79
Designlnv 1 1.25 1.50 1.50 1.75 0.30 | -236.35 19,917 717.02
DesignOp 1 1.2% 1.50 1.50 1.35 0.30 167.80 1,639 52,01
DesignOp 1 1.25 1.50 1.50 1.35 0.30 236.35 99.000 | 3564.00
DesignOp 1 1.25 1.50 1.50 1.35 0.30 176.78 1,731 62.33
DesignOp 1 1.25 1.50 1.50 1.33 0.90 | -238.35 25,819 929.47
DesignInv 2 1.25 1.50 1.50 1.75 0.30 154.88 1.3834 43,38
DesignInv 2 1.25 1.50 1.50 1.75 0.30 236.35 99.000 | 3564.00
DesignInv 2 1.25 1.50 1.50 1.75 0.90 164.51 1.477 5318
Designlnv 2 1.25 1.50 1.50 1.75 0.0 | -236.35 8.174 654.26
DesignOp 2 1.2% 1.50 1.50 1.35 0.30 210.48 2.677 96.36
DesignOp 2 1.25 1.50 1.50 1.33 0.90 236.35 99.000 | 3564.00
DesignOp 2 1.25 1.50 1.50 1.35 0.30 227.86 2.902 104.47
DesignOp 2 1.2% 1.50 1.50 1.3% 0.0 | -236.3% 23,559 848.12
(N

Load Cembination Legend:

Code Vehicle
v
Pl >
oK

Figure 9 - 6A.4.2.1 General Load Rating Equation -Concrete Shear MBE 3rd edition, 2023 interim

Highlighted portion in image below shows the improvement of rating factor from 0.848 in 2022 interim t0 0.911 in

2023 interim for Design inventory, load case 1, STR-1 limit state.

MR R e

\A m—wwwfw *\/\Aﬂnw,ﬁw
Load Factors -- Owerride ——
Load Limit Governing 2023 interims
Load Conmbo State Acticn 1L Dc oW DW-W3 1L Phi Vn Phi Vn e eemeerssedpacity
{kip) {kip) {kip) {Ton)
DesignInwv 1 STR-I Max M 51.28 1.25 1.50 1.50 1.75 0.90 127.87 0.862 31.03
Designinv 1 SIR-I Min M 0.00 1.25 1.50 1.50 1.75 0.90 236.35 99.000 3564.00
DesignInv 1 STR-I Max V 51.99 1.25 1.50 1.50 1.75 0.90 133.83 0.911 32.79
Designlnv 1 SIR-I Min V -7.18 1.25 1.50 1.50 1.75 0.90 -236.35 15.917 717.02
DesignOp 1 STR-I Max M 51.26 1.25 1.50 1.50 1.35 0.90 167.80 1.639 59.01
DesignOp 1 STR-I Min M 0.00 1.25 1.50 1.50 1.35 0.90 236.35 99.000 3564.00
DesignOp 1 SIR-I Max V 51.99 1.25 1.50 1.50 1.35 0.90 176.78 1.731 82.33
DesignOp 1 STR-I Min V -7.18 1.25 1.50 1.50 1.35 0.90 -236.35 25.819 829.47
DesignInv 2 STR-I Max M 4z2.02 1.25 1.50 1.50 1.75 0.90 154.88 1.384 49.34
DesignInv 2 STR-I Min M 0.00 1.25 1.50 1.50 1.75 0.90 236.35 99.000 3564.00
DesignInwv 2 STR-I Max V 42.75 1.25 1.50 1.50 1.75 0.90 164.51 1.477 53.16
Designinv 2 SIR-I Min V -7.87 1.25 1.50 1.50 1.75 0.90 -236.35 18.174 854.26
DesignOp 2 SIR-I Max M 4z2.02 1.25 1.50 1.50 1.35 0.90 210.48 2.877 86.36
DesignOp 2 STR-I Min M 0.00 1.25 1.50 1.50 1.35 0.90 236.35 99.000 3564.00
DesignOp 2 STR-I Max V 42.75 1.25 1.50 1.50 1.35 0.90 227.86 2.902 104.47
DesignOp 2 STR-I Min V -7.87 -— 1.25 1.50 1.50 1.35 0.90 -236.35 — -— 23.559 848.12
B i I I TP U NS S L

Figure 10 - 6A.4.2.1 General Load Rating Equation -Concrete Shear rating comparison
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

R Spec Check Detail for 6A.5.2 Evaluation for Shear

€A Load and Resistance Factor Rating

€R.5 Concrete Structures

€A.5.8 Evaluation for Shear

(ARSHTO Manual for Bridge Evaluation, Third Edition with 2023 Interims)

PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3

Longitudinal Reinforcement

From LRFD 5.7.3.5-1

1HS or Tr = ApS*fps + As*fy

1Mu| Hu 71 va I \
+ ||---- - ¥p| -0.5 * V3| * cot(theta) (LRFD 5.7.3.5-1)
du*phif phic  \|phiv I /
IMuDLI NuDL VDL 1
T(DL) = SignMDL * ————-——— + 0.5 * SignNDL * ——- + (SignVDLp * |-—- - Vpl — 0.5 * Va) * cot(theta), where Vs = min(Vs, Vu/phiv) (Based on LRFD 5.7.3.5-1 and MBE R.5.%)
dv*phif phic |phiv |
IMuLL HuLL |VaLL|
T(LL) = SignMIL * ——— + (SignVLL = |-——| ) * cot(theta) (Based on LRFD 5.7.3.5-1 and MBE 6A.5.8)
dv*phif phic Iphiv]
Where:
VuDL + VuLL VuDL
Mu = MuDL + MulL; Nu = NuDL + NuLL; VT = — - Vp; VuDlp =
phiv phiv
/ MuDL \ / NubL \ / VuDLp \ / MuLL \ / WuLL \ / VulL \
SignMOL = Sign of |--—-—- I; SignNDL = Sign of | ------ |: SignVDLp = Sign of | -—--—- |: SignMIL = Sign of | ---—- |: SignNLL = Sign of | ----- |; SignVLL = Sign of | —---- |
VoM S A owNag VT VoM S VoM s NOVT O/
T(r) - T(DL)
BF = ———mmmmmm e
T(LL)
Ignors design & legal shear : No
Ignore permit shear 1 Yes
Consider iterative shear razing : No
Consider MCFT theta : No
Shear computation method type @ General
Iteration required : No
phif = 1.000
phic = 0.750
phiv = 0.900
s (pos) 0.000 (in~2) (used for Pesitive Mu)
Es(neg) = 0.000 (in"2) (used for Negative Mu)
fy(pes) = 0.000 (ksi) (used for Pesitive Mu)
fy(neg) = 0.000 (ksi) (used for Negative Mu)
Ipsipes) = 4.284  (in~2) (used for Pesitive Mu)
Ipsineg) = 0.306 (in~2) (used for Negative Mu)
fpsipos) = 245.606 (ksi) (used for Pesitive Mu)
fpsineg) = 141.252  (ksi) (used for Negative Mu)
Sv(pos) = 10.000 (in) (used for Positive Mu)
Buineg] = 10.000 (in) (used for Negative Mu)
Dv(pos) = 33.765 (in) (used for Positive Mu)
Dvineg) = 28.080 (in) (used for Negative Mu)

Figure 11 - 6A.5.8 Evaluation for Shear MBE 3rd edition, 2023 interim

vadL

Apaefps
(czpa)

(kips)

(kipa)  (kpa)

Wall Vel |q;=-.v,=n sese S s ™
i

3.

Figure 12 - 6A.5.8 Evaluation for Shear MBE 3rd edition, 2023 interim
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Control option added to consider iterative shear rating

This section details the effects of considering an iterative process to compute the shear capacity used in the LRFR
shear rating of concrete bridges. The shear strength for a load rating with Modified Compression Field Theory
(MCFT) is an iterative process due to the underlying differences in strain's role in determining shear capacity in
design versus load rating. In the iterative process, the factored shear capacity (C = PhiC * PhiS * ¢Vn) is compared
to the applied Vu. If they are not equal, iterations will begin by updating Vu, Mu and Nu by proportionally
increasing or decreasing the live load portion of these force effects until the C is equal to the applied Vu. This is
applicable to all concrete structures, i.e., reinforced concrete, prestressed concrete, post tensioned concrete and

reinforced concrete box culverts.

Member Alternative Description — Control options
Navigate to the member alternative Precast Box Alternative of member G2, double click on it (or click the Open
button from the WORKSPACE ribbon) to open its Member Alternative Description window. Navigate to the

Control options tab as shown below.

Check the box - Consider iterative shear rating as shown below.

M Member Alternative Description — O
Member alternative: Precast Box Alternative
Description Specs Factors Engine Import  Control options
LRFD LRFR
(1 Points of interest - O Use gross section properties -
Rl Generate at tenth points except supports Use transformed section properties
Generate at support points 3 Multi-span analysis
Generate at support face & critical shear points o Continuous
Generate at section change points Continuous and simple
Generate at user-defined points [ Ignore design & legal load shear
[E15hear computation method Ignore permit load shear
Ignare Consider legal load tensile concrete stress
o General procedure Consider splitting resistance article
General procedure - Appendix B3 v Ignore tensile rating in top of beam
Consider deck reinf. development length
LFR
Points of interest a Consider permit load tensile steel stress
Generate at tenth points except supports [ Ignore long. reint. in rating ]
Generate at support points O Distribution factor application method
i Gener support poin
. By axle
Rl Generate at support face & critical shear points
Qo
Generate at section change points o
) ) Allow negative epsilon in general shear methed
Generate at user-defined points
. Allow moment redistributi
1 5hear computation method Ao moment redisuhen
Ignore [ Consider iterative shear rat'"g]
Use AASHTO 1979 interim code Medify MCFT theta
o Use current AASHTO - Modify MCFT size effect -
QK Apply Cancel

Click OK to apply the data and close the window.

Last Modified: 7/16/2024 10
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Run an LRFR analysis using the analysis settings shown in the previous step.

Specification Check Detail
Once the analysis is complete, open the Specification Check Detail. The specification check articles for the analyzed
member alternative for Stage 3 at Span 1 — 19.00 ft, is shown below. Highlighted are the articles where the iteration

process is detailed.

4Dy Specification Checks for Precast Box Alternative - 26 of 671 - O X
Articles
N All articles v
&
Properties Generate Format
Bullet list e
Specification filter Report
4 | Superstructure Component Specification reference Limit State Flex. Sense Pass/Fail
® |_| Prestress Calculations +/ 54.2.1 Compressive Strength N/A Passed
» |_j5Stage 1 5.4.2.5 Poisson's Ratia NA General Comp.
B |_jStage 2 5.4.2.6 Modulus of Rupture /A General Comp.
4 |_y5tage 3 5.4.2.8 Concrete Density Madification Factor N/A General Camp.
4 [y Precast Box Altenative | WA 5532 Reinforcing Bars and Welded Wire Reinforcement N/A Not Required
i Span1-0.00ft 5.5.4.2 PS Strength Limit State - Resistance Factors N/A General Comp.
o zpan : ) jg? 2 5.6.2.2 Rectangular Stress Distribution N/A General Comp.
=pan 1= ) +/ 5.6.3.2 PS Flexural Resistance (Prestressed Concrete) N/A Passed
| Span 1-9.50 ft. Rk i
v 5.6.33 Minimum Reinforcement N/A Passed
“ySpan 1-19.00 ft. .
NA 5.7.4 Interface Shear Transfer N/A Not Required
| Span 1- 2830 ft.
NA 5.7.42 Minimum Area of Interface Shear Reinforcement N/A Mot Required
| Span 1-38.00 ft. 3
|ySpan 1-47.50 f + 5.8.23.2b Tensile Stresses N/A Passed
|45pan 1-57.00 ft 5.9.4.3.2 Bonded Strand N/A General Comp.
|_5pan 1 - 6650 f +" 6A4.2.1 Design Load Rating Prestress Service Il Tensile Stress N/A Passed
(L4 5pan 1-76.00 ft. +/ 6A.4.2,1 General Load Rating Equation - Concrete Flexure N/A Passed
[L4Span 1-8550ft X 64421 General Load Rating Equation - Concrete Shear N/A Failed
[_15pan 1-91.99 ft 64.4.2.1 Shear-5.6.3.3 Minimum Reinforcement N/A General Comp.
(] Span 1-93.00 ft. +/ 6A4.2.1 Shear-5.7.2.5 Minimum Transverse Reinforcement N/A Passed
(1 5pan 1-95.00 ft. +/ 6A4.2.1 Shear-5.7.2.6 Maximum Spacing of Transverse Reinforcement N/A Passed
| 6A4.2.1 Shear-5.7.3.3 Nominal Shear Resistance N/A General Comp.
6A4.2.1 Shear-3.7.3.4 Procedures for Determining Shear Resistance N/A General Comp.
|X 6A.5.8 Evaluation for Shear N/A Failed
Computation of Vp N/A General Comp.
Cracked_Moment_of_Inertia Section Property Calculations N/A General Comp.
PS_Basic_Properties Calculation N/A General Comp.
PS_Gross_Composite_Section_Properties PS Gross Compeosite Section N/A General Comp.

Double click on the 6A.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance article to view the iterations. Additional
columns in the final iteration table (shown below) details the status of iteration, convergence, and any failure reason,
if applicable, for each load case. If iterations for a given load case converge, then this table will show the result of
the final iteration. The capacity from the final iteration is used in the rating equation. If the iteration process does not

converge, then the corresponding row from the initial capacity table will be used.
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

|El spec Check Detail for 64.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance - - o

Limit Load  Governing M DL MuLL va vanL VoIl ¥u - av . 2wl cot ve Va1 Ve Ve2Max vp vz
State Combo  Action (kip-in)  (kip-in)  (kip-in) {kip) {kipy (kip) (xip) tin) tin) (iny tin"2) Beta (Theta)  Epsilon (eip) (kip) (xip) {kip) (kip) (xip)
STR-I 1, DesInv Max M 33228.57 11318.68  21909.89 127.29 37.57 89.71 0.00 10.00 33.77 12.00 0.40 1.682 1.296  0.002471 20.13 87.53 0.00 71.73 0.00 114.30
STR-1 1, DesInv  Min M 11318.68  11318.68 0.00 37.57 37.57 0.00 .00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
STR-I 1, DesInv Max V 32064.13  11318.68  20745.45 128.56 37.57 90.99 0.00 10.00 33.77 12.00 0.40 1.812 1.342  0.002199 43.22 90.61 0.00 71.73 0.00 120.45
STR-I 1, DesInv in V. 22779.24 11318.68 11460.56 25.0L 37.57 -12.57 9.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
STR-1 1, DesOp  Max M 28220.60 11318.68  16301.91 106.73 37.57 €9.21 .00 10.00 33,1 12.00 0.40 2,643 1.551  0.001088 63.05 104.75 0.00 7173 0.00 1s1.02
STR-I 1, DesOp Min M 11318.68  11318.68 0.00 37.57 37.57 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
STR-1 1, DesOp  Max V. 27322.31 11318.68  16003.63 107.77 37.57 70.19 .00 10.00 33.77 12.00 0.40 2.893 1.596  0.000879 69.03 107.76 0.00 71.73 0.00 159.11
STR-1 1, Desop  Min V. 20159.68 11318.68  6841.00 27.88 37.57 -9.69 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 7173 0.00 212.71
STR-T 2, DesInv  Max M 29541.81 11318.68 18223.13 111.12 37.57 73.54 9.00 10.00 33.77 12.00 0.40 2.304 1.479  0.001444 54.97 9,91 0.00 71.73 0.00 139.39
STR-1 2, DesInv  Min M 11318.68  11318.68 0.00 37.57 37.57 0.00 .00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
STR-I 2, DesInv Max V 28377.37 11318.68  17058.69 112.39 37.57 74.82 0.00 10.00 33.77 12.00 0.40 2.554 1.534  0.001172 60.94 103.58 0.00 71.73 0.00 148.06
STR-I 2, Deslnv Min V.  23878.56 1131 12559.88 23.8 37.57 -13.77 9.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
STR-1 2, Des Max M 25376.52 11318.68  14057.6 54.31 37.57 56.73 0.00 10.00 3.1 12.00 0.40 3.927 1.723  0.000296 93.69 116.75 0.00 7173 0.00 189.43
STR-I 2, DesOp Min M 11318.68  11318.68 0.00 37.57 37.57 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
STR-1 2, DesOp  Max V. 24478.24 11318.68  13159.56 95.29 37.57 57.72 9.00 10.00 33.77 12.00 0.40 4.507 1,782 0.00008 107.53 120.32 0.00 71,73 0.00 205.07
STR-I 2, DesOp Min V 21007.73  11318.68 9638.05 26.95 37.57 -10.62 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
SER-III 1, DesInv Max M 18828.30 £812.35  10015.95 70.27 29.26 41.01 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
SER-TIT 1, DesInv  Min M 8812.35  8812.35 0.00 28.26 29.26 0.00 .00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
SER-IIT 1, Deslnv Max V 18295.99 8812.35 9483.63 70.86 29.26 41.58 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
SER-IIT 1, DesInv Min V. 14051.47  8812.35  5239.11 23.52 20.26 -5.74 9.00 10.00 33.77 12.00 0.40 4.300 1,304  0.000000 114.53 121.83 0.00 71.73 0.00 212.71
SER-IIT 2, DesInv  Max ¥ 17142.93  8812.35  8330.57 62.88 29.26 33.62 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
SER-IIT 2, DesInv Min M 8812.35 £812.35 0.00 29.26 29.26 0.00 0.00 10.00 33.77 12.00 0.40 4.200 1.204  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
SER-III 2, DesInv  Max V. 16610.61  BE12.35  7798.26 62.46 29.26 34.20 9.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71,73 0.00 212.71
SER-IIT 2, DesInv Min V 14554.01 £812.35 5741.66 22.97 29.26 -6.30 0.00 10.00 33.77 12.00 0.40 4.200 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71

NOTE: In the table below, live load is increased or decreased to achieve, if possible, the final shear capacity when

C = VuDL + VuLL = Vu
whers shear rating capacity
€ = phi S+ phi * Vo

- (68.4.2.12)

with conaiticn, system, and resistance factors

phiC 1.00¢

Ehis - 1.000

ri = 0.500
and phiC * phiS >= 0.85

—--- Override -
Limit Load Governing MuDL MuLL Vu VuDL Vull dav E] vl Vc Vsl Vs2 Vs2Max Vp Vn c / Failure \
scate Comps  Aetien  (kip-in  (kip-in)  (gipeim) (Kip) e (eip) (1) (i) (i m (n2) seta (Tneta)  Epsilen  (kip) (xip) (xip) xip) p) i (kip) (xip) [Toerased> Converged: Reason
STR-T 1, DesInv Max M 31965.50 11318.68  20646.82 122.11 37.57 84.54 0.00 10.00 33.77 12.00 0.40 1.852 1.355  0.002122 44.18 21.50 0.00 71.73 0.00 122.12 fes Yes -
STR-I 1, DesInv Min M 11318.68 11318.68 0.00 37.57 37.57 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.204 0.000000 114.52 121.83 0.00 71.73 0.00 212.71 Yes No Zere live load
STR-I 1, DesInv Max V 31298.33 11318.68 19975.65 125.20 37.57 87.63 0.00 10.00 33.77 12.00 0.40 1.928 1.37% 0.00198 46.00 93.12 0.00 71.73 0.00 125.21 Yes Yes -
STR-T 1, DesInv Min V 109188.20 11318.68  97869.52 -68.74 37.57 -107.31 0.00 10.00 33.77 12.00 0.40 0.873 0.83%  0.006000 20.32 56.66 0.00 71.73 0.00 £2.74 fes Yes
STR-1 1, DesCp Max M 31965.49 11318.68 20646.8; 122.11 37.57 B84.54 0.00 10.00 33.77 12.00 0.40 1.852 1.355 0.002122 44.18 91.50 0.00 T1.73 0.00 12z.12 Yes Yes
STR-T 1, DesOp Min M 11318.68  11318.68 0 37.57 37.57 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71 Yes Ne Zero live lead
STR-T 1, DesCp Max V. 31298.30 11318.68  19979.62 125.20 37.57 87.63 0.00 10.00 33.77 12.00 0.40 1.928 1.379  0.001986 26.00 93.12 0.00 71.73 0.00 125.21 Yes Yes
STR-1 1, DesCp Min V 109188.16 11318.68 97869.48 -69.74 37.57 -107.31 0.00 10.00 33.77 12.00 0.40 0.873 0.839 0.006000 20.8: 56.66 0.00 7173 0.00 69.74 Yes Yes
STR-T 2, DesInv Max M 32107.99  11318.68  20789.31 121.47 37.57 £3.90 0.00 10.00 33.77 12.00 0.40 1.836 1.350  0.002152 43.81 21.16 0.00 71.73 0.00 121.47 fes Yes
STR-T 2, DesInv Min M 11318.68  11318.68 0.00 37.57 37.57 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71 Yes No Zero live load
STR-I 2, DesInv Max V 31298.32 11318.68 199759.64 125.20 37.57 87.63 0.00 10.00 33.77 12.00 0.40 1.928 1.37% 0.00198 46.00 93.12 0.00 71.73 0.00 125.21 Yes Yes
STR-T 2, DesInv  Min V 109188.22 11318.68  97869.53 -£3.74 37.57 -107.31 0.00 10.00 33.77 12.00 0.40 0.873 0.839  0.006000 20.82 56.66 0.00 71.73 0.00 69.74 Yes Yes
STR-1 2, DesCp Max M 32108.06 11318.68 20789.38 121.47 37.57 £83.90 0.00 10.00 33.77 12.00 0.40 1.836 1.350 0.002152 43.8: 9l.16 0.00 7173 0.00 121.47 Yes Yes -
STR-I 2, DesOp Min M 11318.68  11318.68 0.00 37.57 37.57 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71 tes ne Zers live load
STR-T 2, DesCp Max V. 31298.29  11318.68  19979.60 125.20 37.57 87.63 0.00 10.00 33.77 12.00 0.40 1.928 1.379  0.0019836 26.00 93.12 0.00 71.73 0.00 125.21 Yes Yes -
STR-I 2, DesCp Min V 109188.17 11318.68 97869.49 -69.74 37.57 -107.31 0.00 10.00 33.77 12.00 0.40 0.873 0.839 0.006000 20.8: 56.66 0.00 71.73 0.00 69.74 Yes Yes
SER-IIT 1, DesInv Max M 31740.40 £812.35  22928.05 123.14 29.26 93.88 0.00 10.00 33.77 12.00 0.40 1.877 1.363  0.002076 44.78 82.04 0.00 71.73 0.00 12:3.14 fes Yes
SER-IIT 1, DesInv  Min M 2812.35 8812.35 0.00 29.26 29.26 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.204  0.000000 114.52 121.83 0.00 71.73 0.00 212.71 Yes No Zero live load
SER-TIT 1, DesInv Max V 31006.19 B812.35 22193.8. 126.60 29.26 37.34 0.00 10.00 33.77 12.00 0.40 1.963 1.38 0.001927 46.34 93.83 0.00 71.73 0.00 126.80 Yes Yes
SER-IIT 1, DesInv Min V 99100.49 8812.35  90288.14 -69.74 29.26 -99.00 0.00 10.00 33.77 12.00 0.40 0.873 0.83%  0.006000 20.32 56.66 0.00 71.73 0.00 £2.74 fes Yes
SER-III 2, DesInv Max M 31897.41 £812.35 23085.06 122.42 29.2¢ 93.16 0.00 10.00 33.77 12.00 0.40 1.859 1.357 0.002109 44.36 91.66 0.00 7173 0.00 12z.42 Yes Yes
SER-IIT 2, DesInv  Min M 8812.35 8812, . 29.26 29.26 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71 tes nNe Zero live lead
SER-IIT 2, DesInv  Max V 31006.19 8812.35  22193.84 126.60 29.26 97.34 0.00 10.00 33.77 12.00 0.40 1.963 1.389  0.001927 26.31 93.83 0.00 71.73 0.00 126.60 Yes Yes
SER-IIT 2, DesInv MinV 99100.50 B812.35 90288.14 -65.74 29.26 -99.00 0.00 10.00 33.77 12.00 0.40 0.873 0.839 0.006000 20.8: 56.66 0.00 71.73 0.00 69.74 Yes Yes
«

Figure 13 - 6A.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Here is a comparison of rating factors at this location with and without iterations.

(R Spec Check Detail for 6A.4.2.1 General Load Rating Equation - Cancrete Shear - u]
62 Load and Resistance Factor Rating
6A.4 Load Rating Procedures
63.4.2 General Load-Rating Equation
6A.4.2.1 Concrete Shear General
(RASHTO Manual for Bridge Evaluation, Third Edition with 2023 Interima)
PS Box Rect Void - At Location = 18.0000 (ft) - Left Stage 3
Shear Rating Factor Caleulations
Input:
Condition Factor 1.0000
System Factor 1.0000
DC Shear (Max) 25.2718 (kip)
DC Shear (Min) 25.2718 (kip)
DW Shear (Max) 3.9900 (kip)
DW Shear (Min) 3.9900 (kip)
DW-HS Shear (Max) 0.0000 (kip)
DW-S Shear (Min) - 0.0000 (kip)
Ignore design & legel sheaz: False
Ignore permit shear: Irue
Note: If the capacity has been overridden, the Resistance is computed as override phi*override capacity.
Otherwise the Resistance is computed as per the Specification.
P rr—— i Load Factors JR—
Load Limit Governing adj.
Load Combo  State Action 1L e W DA-RS L Ehi Vo Phi Va RF |Capacity
(Xip) (kip) {Ton)
Designlnv 1 STR-I Max M 1.25 1.50 1.50 1.75 0.90 127.67 -— -— 31.03
DesignInv 1 STR-T Min M 1.25 1.50 1.50 1.75 0.90 236.35 99.000 | 3564.00
DesignInv 1 STR-I Max V 1.25 1.50 1.50 1.75 0.90 133.8. 0.911 32.79
DesignInv 1 STR-I Min V 1.25 1.50 1.50 1.75 0.90 | -236.35 19.917 717.02
DesignOp 1 STR-I Max M 1.25 1.50 1.50 1.35 0.90 167.80 1.639 59.01
DesignOp 1 STR-I Min M 1.25 1.50 1.50 1.35 0.90 236.35 99.000 | 3564.00
DesignOp 1 STR-I Max V 1.25 1.50 1.50 1.35 0.90 176.78 1.731 62.33
DesignOp 1 STR-I Min V 1.25 1.50 1.50 1.35 0.90 | -236.35 25.819 929.47
DesignInv 2 STR-T Max M 1.25 1.50 1.50 1.75 0.90 154.88 1.38 49.84
DesignInw 2 STR-I Min M 1.25 1.50 1.50 1.75 0.20 235.35 99.000 | 3564.00
DesignInv 2 STR-I Max ¥V 1.25 1.50 1.50 1.75 0.90 164.51 1.477 53.16
Designlnv 2 STR-I Min ¥V 1.25 1.50 1.50 1.75 0.90 | -236.35 18.174 654.26
DesignOp 2 STR-I Max M 1.25 1.50 1.50 1.35 0.20 210.42 2.677 96.36
DesigaOp 2 STR-I Min M 1.25 1.50 1.50 1.35 0.90 236.35 99.000 |  3564.00
DesignOp 2 STR-I Max V 1.25 1.50 1.50 1.35 0.90 227.8 2.902 104.47
DesignOp 2 STR-I \ Min ¥ / 1.25 1.50 1.50 1.35 0.90 | -236.35 — -— 23.559 848.12
Load Combination Legend:
Code Vehicle
.
OK
[ Spec Check Detail for 6A4.2.1 General Load Rating Equation - Concrete Shear - o
&3 Load and Resistance Factor Rating
3.4 Load Rating Procedures
63.4.2 General Load-Rating Equation
€1.4.2.1 Concrete Shear General
{ARSHTO Manual for Bridge Evaluation, Third Editicn with 2023 Interims)
PS Box Rect Void - At Location — 19.0000 (f1) - Le Stage 3
Shear Rating Factor Calculations
Input:
Condition Facter 1.0000
System Factor 1.0000
OC Shear (Max) 25.2718 (kip)
DC Shear (Min) 25.2718 (kip)
DW Shear (Max) - 3.8900 (kip)
DW Shear (Min) 3.9900 (kip)
DW-WS Shear (Max) 0.0000 {kip)
DW-WS Shear (Min) 0.0000 {kip)
Ignore design & legal shear: False
Ignore permit shear: True
Note: If The capacity has been overridden, The Resistance i3 computed as override phi*override capacity.
Otherwise the Resistance is computed as per the Specificatien.
Load Factors -- Override —- —
Losd Limit / Governing '\
Load Combo  State Action e D DA-HS L Bni vn Phi vn RF | Capacity
(kip) (kip) (Ten)
DesignInv 1 STR-T Max M 1.25 1.50 1.50 1.75 0.30 135.68 -— - 0.942 33.92
Degignlnv 1 SIR-I Min M 1.25 1.50 1.50 1.75 0.90 236.35 99.000 | 3564.00
DesignInv 1 STR-T Max ¥ 1.25 1.50 1.50 1.75 0.90 139.12 0.963 34.67
DesignTnv 1 5T2-1 Min ¥ 1.25 1.50 1.50 1.75 0.30 -77.48 8.540 307.43
DesignOp 1 STR-T Max M 1.25 1.50 1.50 1.35 0.90 135.68 1.222 43.98
DesignOp 1 5T2-1 Min M 1.25 1.50 1.50 1.35 0.30 236.35 92.000 |  3564.00
DesignOp 1 STR-T Max V 1.25 1.50 1.50 1.35 0.90 139.12 1.248 44.94
DesignOp 1 STR-T Min ¥ 1.25 1.50 1.50 1.35 0.30 -77.48 11.070 398.52
Degignlnv 2 SIR-I Max M 1.25 1.50 1.50 1.75 0.90 134.97 1.141 41.07
DesignInv 2 STR-T Min M 1.25 1.50 1.50 1.75 0.90 236.35 99.000 | 3564.00
Degignlnv 2 SIR-I Max V 1.25 1.50 1.50 1.75 0.90 139.12 1.171 42.16
DesignInv 2 STR-T Min ¥ 1.25 1.50 1.50 1.75 0.90 -77.49 7.792 280.52
DesignOp 2 5T2-1 Max M 1.25 1.50 1.50 1.35 0.30 134.%7 1.273 53.24
Design0p 2 STR-T Min M 1.25 1.50 1.50 1.35 0.90 236.35 99.000 |  3564.00
DesignOp 2 5T2-1 Max W 1.25 1.50 1.50 1.35 0.30 133.12 1.518 54.66
DesignOp 2 SIR-I  \ Min ¥V 1.25 1.50 1.50 1.35 0.90 -77.49 10.101 363.64
-
oK

Figure 15 - 6A.4.2.1 General Load Rating Equation - Concrete Shear with iterations
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Image below highlights some examples of improvements in rating factors with the iteration process.

With iterations

Load Factors

Lozd Limit Governing
Load Combo  State Action Dc DW  DW-WS L Bhi Vn Phi Va RF Capacity
(kip) {kip) (Ton)

DesignInv 1 STR-I Max M 1.25 i, A 1. 0.9 135.68 0.842 33.92
DesignInv 1 STR-T Min M 1.25 1. 1. 1.7 0. 236.35 99.000  3564.00
Designlnv 1 SIR-I Max V 1.25 1 1. 1 0. 0.963 34.67
Designlnv 1 STR-I Min ¥ 1.25 1 1.50 1.7 0.8 8.540 307.43
DesignOp 1 STR-T Max M 1.25 1 1. 1. 0. .222 43.98
DesignOp 1 STR-I Min M 1.25 1 1. 1. 0. 99.000  3564.00
DesignOp 1 SIR-I Max V 1.25 i, o 1. 0. 1.248 44.94
DesignOp 1 SIR-I Min V¥ 1.25 1 1. 1. 0. 7 398.52
DesignInv 2 STR-T Max M 1.25 1 1. 1.7 0. 41.07
DesignInv 2 STR-I Min M 1.25 1 1. 1.7 0. 3564.00
DesignInv 2 STR-I Max V 1.25 1 1. 1.7 0. 42.16
DesignInv 2 STR-I Min ¥ 1.25 1 1. 1.7 0. 280.52
DesignOp 2 STR-T Max M 1.25 i, i, 1. 0. 53.24
DesignOp 2 STR-T Min M 1.25 1. 1. 1. 0. 356400
DesignOp 2 STR-I Max ¥ 1.25 1. 1. 1. 0. 54.66
DesignOp 2 STR-I Min ¥ 1.25 i 4= 1. 0.9 -—- - 363.64
Load Combinaticn Legend:

Code Vehicle -

- »
OK

4= - \Without:iterations

Load Factors

Load Limit Governing adj.
Load Combo  State Aetion L 1L nc oW DH-WHS L Bhi Phi Vn RF Cepacity
{kip) {Ton)
DesignInv 1 STR-I Max M 1,76 i
DesignInv 1 STR-I Min M 1.25 1.
Designiny 1 STR-I Max V 1.25 1.
Designinv 1 STR-I Min V 1.25 1.
DesignOp 1 STR-T Max M 1.25 1. 0
DesignOp 1 STR-T Min M 1.25 1. 5
Designop 1 STR-I Max V .7 s 176.78
Designop 1 STR-I Min V 1.25 1. -236.35
DesignInv 2 STR-T Max M 1.25 1. 154.88
Designinv 2 STR-I Min M 1.25 1. 236.35
Designinv 2 STR-I Max V 1.25 1. 164.51
DesignInv 2 STR-I Min V 1.25 1. -236.35
DesignOp 2 STR-I Max M 1.25 o 210.48
DesignOp 2 STR-I Min i 1.25 1. 236.35
DesignOp 2 STR-I Max V 1.25 1. 227.88
DesignOp 2 STR-I Min V 1.25 o -236.35
Load Combination Legend:
Code Vehicle
v
L] »

oK

Figure 16 - 6A.4.2.1 General Load Rating Equation - Concrete Shear rating comparison

Longitudinal reinforcement evaluation for shear rating is based on the equilibrium of tensile capacity and demand of
the longitudinal reinforcement (LRFD eq. 5.7.3.5-1) determined by iterating the live load component of Vu, Mu and
Nu.

[Z Spec Check Detail for 6A 5.8 Evaluation for Shear

€A Load and Resistance Factor Rating
EL.5 Concrete Structures

€A,5.8 Evaluaticn for Sheal

(BASHTO Manual for Bridge Evaluation, Third Edition with 2023 Interims)

PS Box Rect Void - At Location = 19.0000 (ft) - Left  Stage 3

Longitudinal Reinforcement

From LRFD 5.7.3.5-1

IHS or Tr = Aps*fps + Re*fy

1Mul N /1 va \
BHS = - 4 0.5 oo + |l-——— - Vp| -0.5 = Vs| * cot(theta) (IRFD 5.7.3.5-1)
avrphir phic  \|phiv | g
IMaDL| it IVaDL |
T(DL) = SignDL * -——--——- +0.5 % - 4 (S1gAVDLp * |-—-- - Vpl - 0.5 * VUs] * cot(theta), whers Us = min(Vs, Vu/phiv) (Szsed on IRED 5.7.
dvrphir Iphiv |
IVaLL|
T(LL) = SignLL * 5 + (S1gnVLL * |-——-| ) * cot(theca) (Based on LAFD 5.7.3.5-1 and MBE GA.5.%)
Ipnzv]

Where:

Ma = MuDL + MuLL; Nu = NuDL + Null; VT = - Vp; VadIp =
/ MaDL \ 7 WuDL \ / aDIp \ / ML\ / WulL \ / VuLL \

SignMDL = Sign of |-—--— |7 SignNDL = Sign of | —-——v |7 SignVDlp = Sign of | —--— |; SignMLL = Sign of | —--— |7 SignNLL = Sign of | ---— |; SignVIL = Sign of | --—— |
\ Mno/ v s Vv v v/ vy

Tiz) - T(DL)
BF = ———--mmame
T

Ignore design & legal shear i No

Ignore permit shear  Yes

Consider iterative shear rasing : Yes

Consider MCFT theta : No

Sheer computation method type  : General

Iteration required

1.

phit
o

phiv

Figure 17 - 6A.5.8 Evaluation for shear — Part 1
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

E Spec Check Detail for 6A.5.8 Evaluation for Shear

Load Combination Legend:

Vehicle

HL-93 (U3)
HL-93 (US)

- Truck + Lane
- Tandem + Lane

As{pos) = 0.000 (in~2) {used for Positive Mu)
As(neg) = 0.000 (in~2) {used for Negative Mu)
fyipos) 0.000 (ksi) {used for Positive Mu)
fyineqg) 0.000 (ksi) {used for Negative Mu)

Aps (po3) 4.284 (in~2) (used for Positive Mu)

Zps (neg) 0.306 (in~2) {used for Negative Mu)

fps (pos) 245.606 (ksi) {used for Positive Mu)

fps(neq) 141.252  (ksi) {used for Negative Mu)
Bv (pos) 10.000 (im) {used for Positive Mu)
Bv (negq) 10.000 ({im) (used for Negative Mu)
Dwv (pos) 33.765 (im) {used for Positive Mu)
Dw (negq) 28.080 (im) (used for Negative Mu)

Mcr (pos) 233801.178 (kips-in) (used for Positive Mu)

Mcr(neg) = -4929.748 (kips-in) (used for Negative Mu)

fy(shear) = 60.000 (kai)
Limit Load
State Comb dw As*fy Aps*fps Ir MuDL NuDL VuDL Vo Governing MuLL NuLL VuLL

{im) (kipa) {kips) {kips) (kip-in) {kips) (kips) (kips) Rection {kip-in) {kips) (kips)

STR-I 1, DesInv 33.77 0.00 1052.17 1052.17 11318.63 0.00 37.57 0.00 Max M 21908.8 0.00 89.71
STR-T 1, DesInw 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Min M 0.00 0.00 0.00
STR- 1, DesInv 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Max V 20745.43 0.00 90.99
STR-T 1, DesInw 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Min ¥ 11460.56 0.00 -12.57
STR-I 1, DesCp 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Max M 16501.91 0.00 ©9.21
STR-I 1, DesCp 33.77 0.00 1052.17 1052.17 11318.63 0.00 37.57 0.00 Min M 0.00 0.00 0.00
STR-T 1, DesCp 33.77 0.00 1052.17 1052.17 11318.68 0.00 37.57 0.00 Max V 16003.63 0.00 70.1%
STR-I 1, DesCp 33.77 0.00 1052.17 1052.17 11318.63 0.00 37.57 0.00 Min V¥ 5841.00 0.00 -5.69
STR-I 2, DesInv 33.77 0.00 1052.17 1052.17 11318.68 0.00 37.57 0.00 Max M 18223.13 0.00 73.54
STR- 2, DesInv 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Min M 0.00 0.00 0.00
STR-T 2, DesInw 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Max V 17058.69 0.00 74.82
STR-T 2, DesInw 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Min V 1255%.838 0.00 -13.77
STR-I 2, DesCp 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Max M 14057.84 0.00 56.73
STR-T 2, DesCp 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Min M 0.00 0.00 0.00
STR-I 2, DesCp 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Max WV 13158.56 0.00 57.72
STR-T 2, DesCp 33.77 0.00 1052.17 1052.17 11318.68 0.00 37.57 0.00 Min ¥ 9689.05 0.00 -10.62

Figure 18 - 6A.5.8 Evaluation for shear — Part 2

Shown below is a comparion of rating factors between non-iteration and iteration from LRFD equation 5.7.3.5-1

Non-T g — Tierated —
epsilon beta theta v s Vs DL TLL  LHS/RES | RF epsilon beta theta v B Vs TDL TLL  LHS/RHS | RF  |Cepacity
(Deg.)  (in~2) (in) (kips)  (kips}  (kips) (Deg.)  (in~2) (in} (kips)  (kips)  (kips) (Ton)
0.002471 1.68 37.65  0.40 12.00  87.53 332.60 778.10  0.95 0.925 - - - - - - - - 33.29
0.000000 4.8 29.00 .40 12.00 121.83 372.88  0.00 2.82  [99.000 - - - - - - - - 3564.00
0.002199 1.81 36.70  0.40 12.00  90.61 330.45 750.05  0.97 0.962 - - — - - - - - - - 34,64
0.000000 4.80 29.00  0.40 12.00 121.83 385.47 314.23  1.50 2.122 | ©0.002006 1.92 36.02  0.40 12,00  92.87 373.53 320.22  1.00 2.119 | 76.38
0.001088 2.64 32.31  0.40 12.00 104.75 318.74 619.85  1.12 1.183 | 0.001986 1.93 35.95  0.40 12.00  93.11 328 €06.60  1.00 1.193 | 42.60
0.000000 4.80 28.00  0.40 12.00 121.83 372.88  0.00 2.82  |[98.000 -- - - - - - - - - 3564.00
0.000879 2.88 32.08  0.40 12.00 107.76 315.87 598.42  1.15 1.230 | 0.001963 1.94 35.89 0.40 12.00  93.39 328.38 581.83  1.00 1.244 | 42.30
0.000000 4.80 29.00  0.40 12.00 121.83 382.59 242.41  1.63 2.762 | 0.002006 1.92 36.02  0.40 12,00  92.88 371.32 247.02  1.00 2.756 | 93.44
0.001444 2.30 34.06  0.40 12.00  99.81 323.08  660.60  1.07 1.104 | 0.001882 1.92 35.87  0.40 12.00  93.05 328.64  €52.28  1.00 1.108 | 33.73
0.000000 .80 29.00  0.40 12.00 121.83 372.88  0.00 2.82  [99.000 - - - - — - - - - 3564.00
0.001172 2.55 33.10  0.40 12.00 103.58 318.82 632.72  1.10 1.157 | 0.001964 1.94 35.87  0.40 12,00 93.38  328.3%  €20.18  1.00 1.167 | 41.67
0.000000 4.80 28.00  0.40 12.00 121.83 386.68 344.37  1.44 1.932 | 0.002006 1.92 36.02  0.40 12.00 2.87  374.45 350.33  1.00 1.931 | 62.57
0.000296 3.93 30.04  0.40 12.00 116.79 316.81 525.36  1.25 1.400 | 0.001985 1.93 35.95  0.40 12,00  93.12 328.58 503.27  1.00 1.438 | 50.39
0.000000 4.80 28.00  0.40 12.00 121.83 372.88  0.00 2,82 |[eg.000 -- - - - - - - - - - 3564.00
0.000087 4.51 28.30  0.40 12.00 120.32 315.28 504.00  1.23 1.462 | 0.001966 1.94 35.88  0.40 12,00  93.36 328.40 478.40  1.00 1.513 .
0.000000 4.80 28.00  0.40 12.00 121.83 383.53 285.66  1.82 2.517 | ©.002006 1.92 36.02  0.40 12,00 92.88  372.05 270.72  1.00 12 (

Figure 19 - 6A.5.8 Evaluation for shear — Part 3

Last Modified: 7/16/2024
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Control option added to consider modifying MCFT theta

This section discusses the control option “Modify MCFT theta” added for all concrete structures, i.e., reinforced

concrete, prestressed concrete, post tensioned concrete and reinforced concrete box culverts.

Member Alternative Description — Control options

Navigate to the member alternative Precast Box Alternative of member G2, double click on it (or click the Open
button from the WORKSPACE ribbon) to open its Member Alternative Description window. Navigate to the
Control options tab as shown below. Check the box - Modify MCFT theta as shown below.

Member alternative: Precast Box Alternative

D Member Alternative Description — O *

Description Specs Factors Engine Import
LRFD LRFR
(1 points of interest O Use gross section properties -
Generate at tenth points except supports Use transformed section properties
Generate at support points =] Multi-span analysis
Generate at support face & critical shear points o Continuous
Generate at section change points Centinucus and simple
Generate at user-defined points | Ignore design & legal load shear
Shear computation method Ignore permit load shear
Ignare Consider legal load tensile concrete stress
o General procedure Consider splitting resistance article
General procedure - Appendix B3 Ignore tensile rating in top of beam
IR Consider deck reinf. development length
Points of interest Consider permit load tensile steel stress
Generate at tenth points except supports [ Ignore long. reint. in rating l
Generate at support points O Distribution factor application method
. By axle
M Generate at support face & critical shear points
Q & rol
Generate at section change points
Allow negative epsilon in general shear method
Generate at user-defined points o
Shear computation method Allow moment redistribution
Ignore Consider iterative shear rating
Use AASHTO 1979 interim code | Modify MCFT theta l
o Use current AASHTO Modify MCFT size effect v
(014 Apply Cancel

Click OK to apply the data and close the window.

Run an LRFR analysis using the analysis settings shown in the previous step.

Last Modified: 7/16/2024




MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Specification Check Detail

Once the analysis is complete, open the 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance article

for the analyzed member alternative for Stage 3 at Span 1 — 19.00 ft. This article highlights the status of the “Modify

MCFT Theta” control option. With this control option checked, in areas of low strain where the section remains

uncracked i.e., if the factored moment at this section is less than the cracking moment (Mu < Mcr), the strain es may

be assumed to be zero regardless of the values of moment (Mu) and shear (Vu), therefore, “Theta” can be taken as

29°.

E Spec Check Detail for 64.4.2.1 Shear-3.6.3.3 Minimurn Reinforcement

6A.4.2.1 Shear -
6A.4.2.1 Shear -
ERh.4.2.1

Concrete Structures
§ Design for Flexural and Axisl Effects - B Regions

3
3.

.2.1 Shear - 5.6.3 Flexural Members
e

6A.4.2.1 Shear -

6.3.3 Minimum Reinforcement

(BRASHTO Manual for Bridge Ewaluation, Third Edition with 2023 Interims)

PS5 Box Rect Void - At Location

19.0000 (ft) - Left

Stage 3

Cross Section Properties for Prestress box beam with Rectangular wvoid

Name: BIII-48

Beam Height

Top Slab Widch
Top Slab Thick
Bottom Slab Width
Bottom Slab Thick

Girder f'

c

Girder f'ci = 4.00(ksi)

Side Wall Thickness

Shear Key
Shear Key
Shear Key
Bl
B2
B3
B4

S5lab f'c
Effective
Effective

Input:
fr beam =
ScTop
ScBot =
Gammal
Gamma2
Gamma3
Gamma3

Mcr = Gamma3d * [ gammal*fr + Gamma2#fcpe)*Sc - Mdnc *
Note: If the capacity has been overridden,
Otherwise the Resistance iz computed as per the Specificaticn.

Top
Height
Depth

Slab Width
Slab T kness =

0.54ksi
-8569.07in"3
8734.21in"3

00 {Prestressed Concrete)

1.
1.10
1.
0.67 {Reinforced Concrete)

= 0.00(ksi)
= 0.00(in)
0.00(in)

Haunch Width

Mdnec =
SncBot =

BEl2.35kip-in
8734.21in"3

{Sc/Snc - 1)]
the Resistance is computed as

5.00(in)

{5.6.3.3-1)
override phi*owverride capacity.

Limit Load fepe fr Garma3 Governing Mu Sc Mcr

State Comb k=i ksi Action kip-in in~3 kip-in
1, DesInv 2.22 0.54 Max M 33228.57 g 2BB01.18

1, DesInv 2.2z 0.54 Min M 1131&8.68 g 2BB01.18

1, DesInv 2.22 0.54 Max V 32064.13 g 2BB01.18

1, DesInv 2.22 0.54 Min ¥ 22779.24 B 2B801.18

1, DesOp 2.22 0.54 Max M 28220.60 B 2B801.18

1, DesOp 2.22 0.54 Min M 11315.68 B 2B801.18

1, DesOp 2.22 0.54 Max ¥ 27322.31 g 2B801.18

1, DesOp 2.22 0.54 Min ¥ 20159.68 g 2B801.18

2, DesInv 2.22 0.54 Max M 29541.81 g 2B801.18

2, DesInv 2.22 0.54 Min M 113158.68 g 2B801.18

2, DesInv 2.22 0.54 Max ¥ 28377.37 g 2B801.18

2, DesInv 2.22 0.54 Min ¥ 23878.56 g 2B801.18

2, DesOp 2.22 0.54 Max M 25376.52 g 2B801.18

2, DesOp 2.z22 0.54 Min M 11318.68 g 2B801.18

2, DesOp 2.22 0.54 Max ¥ 24473.24 g 2B801.18

2, DesOp 2.22 0.54 Min ¥ 21007.73 g 2B801.18

1, DesInv 2.z22 0.54 Max M 18828.30 g 2B801.18

1, DesInv 2.z22 0.54 Min M 8812.35 g 2B801.18

1, DesInv 2.22 0.54 Max ¥ 18295.99 g 28801.18

1, DesInv 2.22 0.54 Min ¥ 14051.47 g 28801.18

2, DesInv 2.z22 0.54 Max M 17142.93 g 2B801.18

2, Deslnv 2.22 0.54 Min M 8812.35 g 28801.18

2, Deslnv 2.22 0.54 Max ¥ 16610.61 g 28801.18

2, DeslInv 2.2z 0.54 Min ¥ 14554.01 g7 2B801.18

Figure 20 6A.4.2.1 Shear 5.6.3.3 Minimum Reinforcement
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

E Spec Check Detail for 84.4.2,1 Shear-53.7.3.4 Procedures for Determining Shear Resistance

.1 Shear - 5 C
.1 Shear - 5.7
5.7

A2 n ?
A2 Shear and Torsion

.4.2.1 Shear - .3 Sectional Design Model

.4.2.1 Shear - 5.7.3.4 Procedures for Determining Shear Resistance

oncrete Structures

BEE D

(RASHTO Manual for Bridge Ewvaluation, Third Edition with 2023 Interims)
PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3

Calculatiocn of Beta/Theta

Ez = 0.000 (kipa/in~2)
phi = 0.900
f'c = 5.000 (kips/in~2)
fpc = 0.937 (kips/in~2) "
fy = €0.000 (kips/in~2)
Agg diam = 1.000 (im)
Vp = 0.000 (kips)
Ep = 28500.000 (kips/in~2)
E=z(po3) = 0.000 (in~2) {uzed for Positiwve Mu)
E=z(neg) = 0.000 (in~2) {uzed for Hegatiwve Mu)
Lps(pos) = 4.234 (in*2) {used for Positiwve Mu)
kps(neg) = 0.306 (in~2) {used for Hegatiwve Mu)
fpo = 189.000 (kips/in~2)
Ec = 45%92.232 (kipsa/in~2)
Beta Calc (used in table below)

{1} — Beta = 4.3 / {1 + 750 Epsilons)
{2) — Beta = { 4.8 / (1 + 750 EpsilenS) ) #* (51 / (3% + s3=e) )
whersa:
gxe = sx * (1.38 / {(ag + 0.63) )
Mu calc = Max(Mu, |[Vo - Vp| * dwv)
Mpdify MCFT Theta: Yes

Modify MCFT Size Effect: Ho

fpc / f'c = 0.19
Limit Load Epsilen Theta Beta Governing Mu
State Comb Letion

(kip-in)
STR-I 1, DesInwv 0.002471 37.65 1.868 Max M 33228.57
STR-I 1, DesInwv 0.000000 29.00 4.8 Min M 11318.68
STR-I 1, DesInv 0.002189 36.70 1.8 Max V 32064.13
STR-I 1, DesInv 0.000000 29.00 4.8 Min V 22779.24
STR-I 1, Deslp 0.000000 29.00 4.8 Max M 28220.60
STR-I 1, Deslp 0.000000 29.00 4.8 Min M 1131E.68
STR-I 1, Deslp 0.000000 29.00 4.8 Max V 27322.31
STR-I 1, DesOp 0.000000 29.00 4.8 Min V 20159.68
STR-I 2, DesInwv G.001444 34.06 2.30 Max M 29541.81
STR-I 2, DesInv ¢.000000 29.00 4.8 Min M 1131E.68
STR-I 2, DesInv ¢.000000 29.00 4.8 Max V 28377.37
STR-I 2, DesInv ¢.000000 29.00 4.8 Min V 2387E8.56
STR-I 2, Deslp 0.000000 29.00 4.8 Max M 25376.52
STR-I 2, Deslp 0.000000 29.00 4.8 Min M 1131E.68
STR-I 2, Deslp 0.000000 29.00 4.8 Max V 24478.24
STR-I 2, Deslp 0.000000 29.00 4.8 Min V 21007.73
SER-III 1, DesInv 0.000000 29.00 4.8 Max M 13828.30
SER-IIT 1, DesInwv 0.000000 29.00 4.8 Min M 8812.35
SER-IIT 1, DesInwv 0.000000 29.00 4.8 Max V 13285.998
SER-III 1, DesInv 0.000000 29.00 4.8 Min V 14051.47
SER-III 2, DesInv 0.000000 29.00 4.8 Max M 17142.93
SER-III 2, DesInv 0.000000 29.00 4.8 Min M 8312.35
SER-III 2, DesInv 0.000000 29.00 4.8 Max V 16610.61
SER-III 2, DesInv 0.000000 29.00 4.8 Min V 14554.01

Figure 21 6A.4.2.1 Shear 5.7.3.4 Procedures for Determining Shear Resistance
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Control option added to consider modifying MCFT size effect

This section discusses the control option “Modify MCFT size effect” added for prestressed concrete and post-

tensioned concrete structures only. This does not apply to reinforced concrete structures and culverts.

Member Alternative Description — Control options

Navigate to the member alternative Precast Box Alternative of member G2, double click on it (or click the Open
button from the WORKSPACE ribbon) to open its Member Alternative Description window. Navigate to the

Control options tab as shown below. Check the box - Modify MCFT size effect as shown below.

M Member Alternative Description

Member alternative: Precast Box Alternative

Description Specs Factors Engine Import  Control options
LRFD
Paints of interest -

Generate at tenth points except supports
Generate at support points

Generate at support face & critical shear points
Generate at section change points

Generate at user-defined points
E15hear computation method

Ignore
o General procedure
General procedure - Appendix B -
LFR
[E1 points of interest -

Generate at tenth points except supports
Generate at support points
Generate at support face & critical shear points
Generate at section change points
Generate at user-defined points
Ershear computation method
Ignore

Use AASHTO 1979 interim code
0 Use current AASHTO -

LRFR
o Use gross section properties
Use transformed section properties
] Multi-span analysis
Continuous
Continuous and simple
Iu Ignore design & legal load shear
Ignore permit load shear

Consider legal load tensile concrete stress

Consider splitting resistance article
Ignore tensile rating in top of beam
Consider deck reinf. development length

Consider permit load tensile steel stress

I Ignore long. reinf. in rating

1 Distribution factor application method

By axle
Qeyrol
Allow negative epsilon in general shear method
Allow moment redistribution
Consider iterative shear rating

(] Modify MCFT theta

Meodify MCFT size effect

OK

Apply

- [m]

Cancel

x

Click OK to apply the data and close the window.

Run an LRFR analysis using the analysis settings shown in the previous step.

Last Modified: 7/16/2024
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Specification Check Detail

Once the analysis is complete, open the 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance article
for the analyzed member alternative for Stage 3 at Span 1 — 19.00 ft. This article highlights the status of the “Modify
MCEFT size effect” control option. With this control option checked, if the ratio fpc/f’c is greater than 0.02, the size
effect is neglected regardless of the amount of shear reinforcement present. The article is shown below.

’ﬁ Spec Check Detail for 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance

5 Concrete Structures

5.7 Shear and Torsion

5.7.3 Sectional Design Model
6R.4.2.1 Shear - 5.

(BASHTO Manual for

7.3.4 Procedures for Determining Shear Resistance
Bridge Evaluation, Third Edition with 2023 Interims)

PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3

Calculation of Beta/Theta

0.000 (kips/in~2)
.200

5.000 (kips/in~2)
0.937 (kips/in~2)

60.000 (kips/in~2)

1.000 (in)

0.000 (kips)

28500.000 (kips/in~2)

(in"2) ({used for Positive Mu)
{in~2) (used for Negative Mu)
(in"2) {used for Positive Mu)
{in~2) (used for Negative Mu)

é:l
fpo = 189.000 (kips/in~2)
Ec = 4592.232 (kips/in~2)
Beta Calc (used in table below) :
(1) - Beta = 4.8 / (1 + 750 EpsilonS)
(2) - Beta = { 4.2 / (1 + 750 ZpsilonS) ) * (51 / (3% + sxe) |
where:
sxe = sx * (1.38 / (ag + 0D.63) )
Mu_calc = Max(Mu, |Vu - Vp| * dv)

Modify MCFT Theta: Ho

Mpdify MCFT Size Effect: Yes
fpe / £'c = 0.19

Limit Load Epsilon Taeta Beta Governing Mu Mu Calc va Nu bv av sx Sxe Beta Calc
state Conb Zction
(kip-in) (kip-in) {kips) (kipa) (in) (in) {in) (in)

STR-I 1, DesInv  0.002471 37.65 1.68 Max M 33228.57  33228.57 127.29 0.00 10.00 33.77 33.77 - (1)
STR-I 1, DesInv  0.000000 28.00 4.80 Min M 11318.68 11318.868 37.57 0.00 10.00 33.77 33.77 - (1)
STR-I 1, DesInv  0.002199 36.70 1.81 Max V 32064.13  32064.13 128.56 0.00 10.00 33.77 33.77 - (1)
STR-I 1, DesInv  0.000000 29.00 4.80 Min V 22779.24  22779.24 25.01 0.00 10.00 33.77 33.77 - (1)
STR-I 1, DesOp  0.001088 32.81 2.64 Max M 28220.60  23220.60 106.78 0.00 10.00 33.77 33.77 - (1)
STR-T 1, DesOp  0.000000 28.00 4.80 Min M 11318.68 11318.868 37.57 0.00 10.00 33.77 33.77 - (1)
STR-1 1, DesOp  0.000879 32.08 2.89 Max V 27322.31  27322.31 107.77 0.00 10.00 33.77 33.77 - (1)
STR-I 1, DesOp  0.000000 28.00 4.80 Min V 20155.63  20153.68 27.88 0.00 10.00 33.77 33.77 - (1)
STR-1 2, DesInv  0.001444 34.06 2.30 Max M 28541.81  28541.81 111.12 0.00 10.00 33.77 33.77 - (1)
STR-I 2, DesInv  0.000000 28.00 4.80 Min M 11318.68 11318.868 37.57 0.00 10.00 33.77 33.77 - (1)
STR-1 2, DesInv  0.001172 33.10 2.55 Max V 28377.37  28377.37 112.39 0.00 10.00 33.77 33.77 - (1)
STR-I 2, DesInv  0.000000 29.00 4.80 Min V 23378.56  23878.56 23.80 0.00 10.00 33.77 33.77 - (1)
STR-I 2, DesOp  0.000296 30.04 3.93 Max M 25376.52  25376.52 94.31 0.00 10.00 33.77 33.77 - (1)
STR-I 2, DesOp  0.000000 29.00 4.80 Min M 11318.68 11318.68 37.57 0.00 10.00 33.77 33.77 - (1)
STR-I 2, DesOp  0.000087 29.30 4.51 Max V 24478.24  24478.24 95.2¢9 0.00 10.00 33.77 33.77 - (1)
STR-I 2, DesOp  0.000000 29.00 4.80 Min V 21007.73  21007.73 26.395 0.00 10.00 33.77 33.77 - (1)
SER-ITT 1, DesInv  0.000000 29.00 4.80 Max M 18328.30  13828.30 70.27 0.00 10.00 33.77 33.77 - (1)
SER-III 1, DesInv  0.000000 29.00 4.80 Min M 8812.35 8812.35 29.26 0.00 10.00 33.77 33.77 - (1)
SER-ITT 1, DesInv  0.000000 29.00 4.80 Max V 18295.99  13295.8% 70.26 0.00 10.00 33.77 33.77 - (1)
SER-IIT 1, DesInv  0.000000 29.00 4.80 Min V 14051.47 14051.47 23.52 0.00 10.00 33.77 33.77 - (1)
SER-ITT 2, DesInv  0.000000 28.00 4.80 Max M 17142.93  17142.83 62.88 0.00 10.00 33.77 33.77 - (1)
SER-III 2, DesInv  0.000000 29.00 4.80 Min M 8812.35 8812.35 29.26 0.00 10.00 33.77 33.77 - (1)
SER-IIT 2, DesInv  0.000000 28.00 4.80 Max V 16610.61  16610.61 63.46 0.00 10.00 33.77 33.77 - (1)
SER-III 2, DesInv  0.000000 298.00 4.80 Min V 14554.01  14554.01 22.87 0.00 10.00 33.77 33.77 - (1)

iv

1

Figure 22 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance
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MBE 2023 specification interim update for reinforced concrete box culverts

The specification update for culvert will impact culvert wall (6A.4.2.1-5.7.3.3 Nominal shear resistance) and culvert
slab specification checking (6A.4.2.1-5.7.3.3 Nominal shear resistance and 6A.4.2.1-5.12.7.3 Nominal shear
resistance).

Import the culvert bridge provided with the CVT1 tutorial. Expand the Bridge Workspace tree and navigate to the
CULVERT ALTERNATIVES node. Double click on Culvert Alt 1 to open the culvert alternative. Navigate to the
Control options tab of the Culvert Alternative Description window to access the LRFR control options.

Consider iterative shear rating and Consider MCFT theta control options are added for iterative shear rating.

M Culvert Altemative Description
Culvert alternatives: Culvert Alt 1
Descriiption  Specs  Factors | Control options
LRFD LRFR
& points of interest E1points of interest
[ Generzted at tenth paints B8 Generated at tenth points
Generated at s Generated at s ange points
Generated at user-defined points Generated at user-defined points
Shear computation method Shear computation methad
Ignore Ignare T
General procedure Q) General procedure 3
© simpiified procedure Simplified procedure
Exclude bottom slab Exclude bottom sla
Include haunch stiffness in FE model Include haunch stiffness in FE model
Strength design method (23 5trength design method
RC Box Q reeex
RC Pipe RC Pipe
Cansider modified shear strain capacity

Ignore effects from negligible LL

Consider iterative shear rating

Modify MCFT theta

These options are applicable when General procedure - Shear computation method is used. Select these options to
perform iterative shear rating and consider modifying the MCFT theta value and view results as discussed in

previous sections of this tutorial.
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The following articles detail the iterative process of shear rating.

™ Specification Checks for Culvert Seg 1 - 9 of 857

Articles
) Pp All articles v
Properties Generate  Tormat
Bullet list A
Specification filter Report
4 |_| Culvert Component | Specification reference Limit State Flex. Sense Pass/Fail
54.2.8 Concrete Density Modification Factor N/A General Comp.
4000 f. v/ 5.64.5.BaxCulvert Biaxial Flexure /A Passed
(07 B 5.6.7.CrackBoxCulvert Control of Cracking by Distribution of Reinforcement N/A General Comp.
1120 B 6A.4.2.1 Shear-5.6.3.3.BoxCulvert Minimum Reinforcement N/A General Comp.
(24240 ft B 6A.4.2.1 Shear-5.7.3.3 Box Culvert Nominal Shear Resistance MN/A General Comp.
380 f B 6A.4.2.1 Shear-5.7.3.4.BoxCulvert Procedures for Determining Shear Resistance N/A General Comp.
48 +/ 6A.4.2.1BoxCulvert.Concrete Shear General Load Rating Equation - Concrete Shear MN/A Paszed
L4500 +/ APPCE.1 P-M Interaction Diagram MN/A Paszed
720 B Cracked_Moment_Of Inertia_BoxCulvert Section Property Calculations N/A General Comp.
11840 ft.
|_19.60 ft.
11080 ft.
41127 fr.
| 12,00 ft.
Figure 23 - Specification check article for Exterior wall 1
M Specification Checks for Culvert Seg 1- 11 of 857 -
Articles
) Pp All articles v
Properties Generate Format
Bullet list e
Specification filter Report
4 |_| Culvert Component | Specification reference Limit State Flex. Sense Pass/Fail
B || EBxt Wall 1 B 5.4.2.8 Concrete Density Modification Factor M/A General Comp.
» | Int. Wall 1 B 5.54.2.BoxCulvert Strength Limit State - Resistance Factors M/A General Comp.
B | Ext Wall 2 " 5.6.3.2.BoxCulvert Flexural Resistance (Reinforced Concrete) NSA Passed
+/ 5.6.3.3.BoxCulvert Minimum Reinforcement N/A Passed
(4000 f. B 5.6.7.Crack.BoxCulvert Control of Cracking by Distribution of Reinforcement /A General Comp.
&orsh B 6A.4.2.1 Shear-5.12.7.3.BoxCulvert Design for Shear in Slabs of Box Culverts /A General Comp.
L1120% 6A4.2.1 Shear-3.6.3.3.BoxCulvert Minimum Reinforcement N/A General Comp.
L2408 B 6A.4.2.1 Shear-5.7.34.BoxCulvert Procedures for Determining Shear Resistance N/A General Comp.
L300 + 6A.4.2.1.BoxCulvert.Concrete Flexure General Load Rating Equation - Concrete Flexure MSA Passed
z:’gg : % 6A.4.2.1.BoxCulvert.Concrete Shear General Load Rating Equation - Concrete Shear N/A Passed
720 Cracked_Moment_Of_Inertia_BoxCulvert Section Property Calculations N/A General Comp.
11840 ft.
|1 9.60 ft.
|1 10.80 ft.
1124 fr.
| 12,00 ft.

Figure 24 - Specification check articles for Top slab 1
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Moment Redistribution in Three Span Spread PS Box Beam

LRFR Concrete Moment Redistribution Tutorial

Moment Redistribution in Three Span Spread PS Box Beam

This example illustrates the effects of moment redistribution for Load and Resistance Factor Rating (LRFR) flexure
rating of concrete structures (prestressed, post tensioned, and reinforced). The moment redistribution option is
available in BrDR 7.5 for the Manual for Bridge Evaluation (MBE) 3™ edition, with 2022 and 2023 specification
interim updates.

Details, including flowcharts, about moment redistribution in concrete structures can be found in the AASHTO
LRFD/LRFR Superstructure Method of Solution Manual accessible from the Help menu in BrDR (search for

Concrete Moment Redistribution).

Topics Covered

e Bridge Model

o Analysis Settings

e Member Alternative Description — Control options

o LRFR Rating

e Specification Check Detail

e LRFR Rating with Moment Redistribution

e Specification Check Detail with Moment Redistribution

e  Moment Redistribution Report
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Bridge Model
This tutorial uses the bridge created from prestressed concrete structure tutorial PS2 with some minor modifications
to satisfy moment redistribution requirements and to illustrate the impact of moment redistribution on rating.

From the Bridge Explorer import the bridge given with the PS2 tutorial by selecting the Import option as shown

below.
BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW
6 Import PN -
= e P » o
New Open © satch v Find Copy Copy Delete
Tov
Bridge Manage

If information is displayed about the version of the imported file being different than the current version of the
program, confirm by clicking Yes to have the imported file migrated to the current version of the program.

In the Bridge Description window, which pops up after the bridge is imported, add MR (for Moment
Redistribution) to Bridge 1D and NBI structure ID to distinguish this bridge from the PS2 example bridge.

o 3SpanSprdBoxTrainingBridge - O X

Bridge Workspace View

Template Superstructures

Bridge ID: SprdBoxTrainingBridgeMR NBI structure ID (8):  3SpanSprdBoxTraMR Bridge completely defined Culverts

Substructures

Deseription  Description (cont'd)  Alternative labal reference poin

Name: Year built

Description:

Location: Length: ft

Facility carried (7): Route number: -1

Feat. intersected (6): Mi. post

Default units:

Bridge association.

oK i Apply Cancel

Click OK to close the Bridge Description window.
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o | ANALYSIS REPORTS

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

ﬁT H ﬂé@ e/ ! > ﬁ B

Validate | Save Close Export Refresh Open Copy Duplicate Delete

Bridge Manage

Save the imported bridge to the database using the Save button located on the WORKSPACE ribbon.
The partially expanded Bridge Workspace tree is shown below:

Workspace 2 X

Bridge Components

& @ 3SpanSprdBoxTrainingBridgeMR -
g 2 Components

- B2 Diaphragm Definitions
----- £ Lateral Bracing Definitions

- MPF LRFD Multiple Presence Factors

- EC Environmental Conditions
----- OF Design Parameters
i &3 SUPERSTRUCTURE DEFINITIONS
= Yrf 5 Girder System

=3 Impact/Dynamic Load Allowance
AL

Load Case Description
E &F Framing Plan Detail
. racing Deterioration

BSC Bracing Spec Check Selection
T Structure Typical Section

+& Superstructure Loads

i#- 2 Concrete Stress Limits

- a Prestress Properties

- a Shear Reinforcement Definitions

= &) MEMBERS
# Ia
= IaG
----- ¢ Member Loads
----- A Supports

i= & MEMBER ALTERNATIVES
= T 48" PSBox(E) (O
7 Default Materials
= Impact/Dynamic Load Allowance
3 Beam Details
{¥ Shrinkage Time
< Effective Supports
#- £ Mild Steel Layout
3 Strand Layout
---- B2 Deck Profile
----- = Haunch Profile
- 2 Interior Diaphragms
-~ B3 Shear Reinforcement Ranges
- & Live Load Distribution
- @ Points of Interest

£ I G3
g I G4
#® IG5

= &2 BRIDGE ALTERNATIVES
M Bridge Alternative #1 (E) (C)

Right-click on the Framing Plan Detail and select Schematic to display the Framing Plan schematic showing a
three span girder system with five girders and span lengths of 75.0, 60.0, and 60.0 ft.
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Schematic

# X
Framing Plan
iBEQQe BY |1
3SpanSpraBoxTainingBridgsViR
3Span Sped Box T Brkdge - 5 Girder Sysiom
10242023
54 600 600
x - -
1 12 j 3 14 5 16 17
& i ® ; ' d
£ i £ i i =
i i i
r
_ o900 deg ‘?'2 3 800 deg ‘“ _ B 800 deg fﬁ _ T 900 deg
| i i b H d
i i i
T = -~ x *
1 B2 3 B4 35 a6 . 7
K| i K H ha i K
i 1] ! P . 3
¥ T
. 1 w2 3 -t . g us . b
i ' b i < H K
i i i
. 3z 3 2

Double-click on the Deck Profile tree item of the G2 member alternative — 48 PS Box, to open the Deck Profile

window and go to the Reinforcement tab. The reinforcement data imported from the PS2 example consists of two
sets of top and bottom reinforcement that extend 15 ft in each direction over each interior support as shown here:

o Deck Profile

Type: PS Precast Box

Deck concrete Reinforcement
Support o
Material pPh distance
number )
rade € 1 60.00
2 45,00
2 45.00

End
distance
(ft)

90.00
90.00
75.00

75.00

Std
bar count

11.00

11.00

11.00

11.00

LRFD

bar count

11.00

11.00

11.00

11.00

. Distance
Bar size s
{in)
6 3.5000
5 2.0000
& 3.5000

5 2.0000

- O
Bar
Row spacing

(in)
Top of Slab
Bottom of Slab
Top of Slab
Bottom of Slab

New Duplicate Delete
0K Apply Cancel

x

Delete the last two rows and modify start distance, length, and bar counts in the first two rows as shown below:
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m Deck Profile

Type: PS Precast Box
Reinforcement
Start End Bar

Supy N h std F )
SUPPOTt | e LENOth e Ste RFD oo iz Distance Row Y
number () (ft) e -

Material
bar count  bar count (in)
{in)
1 5500 100.00 | 155.00 9.00 9,00 |16 3.5000 | Top of Slab
1 55.00| 100.00 | 155.00 9.00 9,00 |I5 2.0000 | Bottom of Slab

New Duplicate Delete

| 0K Apply Cancel

Deleting the last two rows and changing the start distance and length simplifies the reinforcement layout from two
separate sets of top and bottom reinforcement over each internal support to one set of top and bottom reinforcement.
The modified reinforcement now starts 20 ft before the first internal support in Span 1 and continues to pass over to
Span 2 and then 20 ft after the second internal support into Span 3. This change is required to satisfy the moment
redistribution requirements for reinforcement extension and termination which will be discussed later in the tutorial.
The purpose of reducing bar counts is to decrease the flexure rating factors over interior supports and to examine

whether applying moment redistribution helps to offset the reduction.

Analysis Settings
To select rating vehicles and rating levels, open the Analysis Settings window by clicking the Analysis Settings
button on the Analysis group of the DESIGN/RATE ribbon.

o | ANALYSIS REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

Analysis Results

In the Analysis Settings window, select Rating and LRFR as the Rating Method. Then assign vehicles from the
Vehicle selection tree on the left to the rating levels under the Vehicle summary tree on the right as shown in the

screenshot below. The assignment is done in three steps. First clicking on a rating level, next by clicking on a vehicle,
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and then by clicking on the Add to button. To assign multiple vehicles to the same level, only the last two steps need

to be repeated. Also, double-clicking on a vehicle has the same effect as the last two steps.

@ Analysis Settings — O >
Design revi o Rating Rating method: LRFR o
Analysis type: Line Girder ~
Apply preference setting: None ~
Vehicles Qutput Engine Description
Traffic direction: Both directions Refresh Temporary vehicles Advanced
Vehicle selection Vehicle summary
[ E}--th icles \ Ei--R'ating vehicles
=-Standard =-LRER

wEV2 /ﬁ--[_)'gsign load rating \

~EV3 = Inventory

~H 15-44 T LHL-93 (US)

wH 20-44 =-Operating
HL-93 (S1) Add to T L HL-93 (US)
HL-93 (US) = Fatigue
HS 15-44 ".-LRFD Fatigue Truck (US)
HS 20 (SI) = Legal load rating
HS 20-44 &-Routine
Lane-Type Legal Load Type 3
LRFD Fatigue Truck (SI) f Type 352
LRFD Fatigue Truck (US) Remove from Type 3-3
NRL e Lane-Type Legal Load

~SU4 =-Specialized hauling

55 E‘"NRL )

-s06 ¥ . = Permit load rating

~Type 3-3

----- Type 352

..... Agen(y
User defined
\ Temporary j
Reset Clear Open template Save template oK Apply Cancel

Click OK to apply the settings and close the window.
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Member Alternative Description — Control options
Navigate to the 48” PS Box Member Alternative of member G2, double click on it (or click the Open button from
the WORKSPACE ribbon) to open its Member Alternative Description window.

= ANALYSIS REPORTS

BRIDGE WORKSPACE 'WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

3 Vs | " i
L =7 [ == LM
Validate Save @ Revert (oo Export Refresh || Open Copy
Bridge Manage
Workspace 2 X

Bridge  Components
& @y 35pansprdBoxTrainingBridgeMR
s @ Components
2 Diaphragm Definitions
- [ Lateral Bracing Definitions
- PPF LRFD Multiple Presence Factors
£ Environmental Conditions
o Design Parameters
= &3 SUPERSTRUCTURE DEFINITIONS
= A 5 Girder System
=4 Impact/Dynamic Load Allowance
2k Load Case Description
4 Framing Plan Detail
2 Bracing Deterioration
BSC Bracing Spec Check Selection
T Structure Typical Section
4 Superstructure Loads
[P Concrete Stress Limits
2 Prestress Properties
[ Shear Reinforcement Definitions

£ MEMBERS

# Ia

= IG2
Hr Member Loads
A Supports

i) MEMBER ALTERNATIVES

~ BT Default Materials
=4 Impact/Dynamic Load Allowance
B, Beam Details
{§ Shrinkage Time
& Effective Supports

Navigate to the Control options tab where the option to allow moment redistribution is located as shown below.

& Member Alternative Description — O X
Member altemative: 48" PS Box
Factors  Engine  Import  Control options
LRFD LRFR
3 points of interest - o Use gross section properties -
Generate at tenth points exce Uistianstiima . 5
Senerate at support points & Multi-span analysis
Generate at support face & critical shear points s
Senerate at section change points
Generate at user-defined points
B3 shear computation method
Ignore
© General procedure
General procedure - Appendix BS v 7
t length
LFR
o sider permit load 2| stress
B3 Points of interest a et permit foa H
te at t points e e long. reinf. in rating
te at support points 2 Distribution factor application method
By axle
% critical shear points
Q ey
e points
Allow negative epsilon in general shear method
senerate at user-defined points
o Allow momet edis tion
£ Shear computation method [ llow moment redistribution ]
Ignore Consider iterative shear rating
Use AASHTC erim code ACFT theta
O Use current AASHTO ¥ v
oK Apply Cancel

Last Modified: 7/16/2024 7



Moment Redistribution in Three Span Spread PS Box Beam

This option will be toggled to compare ratings without and with moment redistribution. The first analysis will be
without moment redistribution so make sure the option is unchecked and click the OK button to apply the data and
close the window.

LRFR Rating

To perform the rating select the 48” PS Box member alternative in Bridge Workspace tree and click the Analyze
button on the Analysis group of the DESIGN/RATE ribbon.

J ANALYSIS REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING
s i
¥ B
Amllvs\ Ar\alyie nalysis Tabu\dr ppecification Engine Resu\ls Save
Settingd Events | Results [Check Detail Outputs Graph Results
Analysis Results

Bridge Components
5 A 35panSprdBoxTrainingBridgeMR &
£ Components
7 Diaphragm Definitions
7 Lateral Bracing Definitions
« MPFLRFD Multiple Presence Factors
« EC Environmental Conditions
- OF Design Parameters
i~ &3 SUPERSTRUCTURE DEFINITIONS
& Yrrf 5 Girder System
_|, Impact/Dynamic Load Allowance
AL Load Case Description
£ Framing Plan Detail
[ Bracing Deterioration
BSC Bracing Spec Check Selection
7 Structure Typical Section
e Superstructure Loads
2 Concrete Stress Limits
2 Prestress Properties
2 Shear Reinforcement Definitions
&) MEMBERS
It
- TG
I~ 24 Member Loads
. f. Supucﬂs

‘1 Impact,"DynamK Load Allowance
E Beam Details
xg, Shrinkage Time

&5 Effective Supports

After the analysis is complete, click the Tabular Results button to display the ratings. 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. Notice there are two ratings less than 1.0 and they both happen due to flexure at the first
interior support location at 75.00 ft for the STRENGTH-I limit state.
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£ Analysis Results - 48" PS Box — O X
=
Frint
Print
Report type: Lane/Impact loading type Display Format
Rating Results Summary o As requested Detailed Single rating level per row v
Live Load Rating  Load Rating . Location  Location -
Live Load T Rating Method Level (Tor) Rating Factor ) Span-[%) Limit State Impact Lane
HL-83 (US) Truck + Lane LRFR | Inventory 3139 0872| 7500 1-(100.0)| STRENGTH-I Concrete Flexure | As Requested | As Requested
HL-93 (US) Truck = Lane LRFR | Operating 40.69 1.130 75.00 | 1-(100.0)| STRENGTH-I Concrete Flexure | As Requested | As Requested
HL-93 (US) | 90%(Truck Pair + Lane) LRFR | Inventory 28.50 0‘792| 75.00 | 1-(100.0) | STRENGTH-I Concrete Flexure ‘ As Requested | As Requested
HL-93 (US) | 90%(Truck Pair + Lane) LRFR | Operating 36895 1026 7500 1-(100.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested
HL-93 (US) Tandem + Lane LRFR | Inventory 3778 1.049 37.13| 1-(495)| SERVICE-II PS Tensile Stress | As Requested | As Requested
HL-93 (US) Tandem + Lane LRFR | Operating 49.11 1364 75.00 | 1-(100.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested
Lane-Type Legal Load Truck + Lane LRFR Legal 3960.00 99.000 0.00 1-(0.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested
NRL Axle Load LRFR Legal 61.57 1539 75.00 | 1-(100.0)| STRENGTH-I Concrete Flexure | As Requested | As Requested
Type 3 Auxde Load LRFR Legal 61.25 2450 75.00 | 1-(100.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested
Type 3-3 Auxle Load LRFR Legal 79.83 1996 7500 1-(100.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested
Type 352 Axle Load LRFR Legal 70.96 1971 75.00 | 1-(100.0)| STRENGTH-I Concrete Flexure | As Requested | As Requested
AASHTO LRFR Engine Version 7.5.1.3001
Analysis preference setting: None
Close

Specification Check Detail

The ratings displayed in the Rating Results Summary come from the rating specification articles that are processed
during analysis. All specification check articles can be reviewed by clicking the Specification Check Detail button
on the Results group of the DESIGN/RATE ribbon which opens the Specification Check window as shown below.

=32 ANALYSIS @ Specification Checks for 48" PS Box - 12 of 1879 = a
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE Articles
) All articles
~ 3 = P .2 I
/,:g &= (8o i | b proed & Properties Generate  Format
% Bullet list
Analysis Analyze Analysis | Tabular| Specification |Engine Results Save :
Settings Events | Results| Check Detail Joutputs Graph Results
Analysis Results 4 || Superstructure Component 4 | specification reference Limit State Flex. Sense Pass/Fail
» |4 Prestress Calculations +/ 54.2.1 Compressive Strength N/A Passed
Workspace » |_jStage 1 54.2.5 Poisson's Ratio N/A General Comp.
5.4.2.6 Modulus of Rupture N/A General Comp.
Bridge  Components 5.4.2.8 Concrete Density Modification Factor N/A General Comp.
/
=  3SpanSprdBoxTrainingBridgeMR 5.5.4.2 PS Strength Limit State - Resistance Factors N/A General Comp.
i gﬁowonents E45panT-000ft. B 56222 Rectangular Stress Distribution N/A General Comp.
Diaphragm Definiti ( 1-175 . .
iaphragm Definitions aspan & X 5.6.3.2 PS Flexural Resistance (Prestressed Concrete) N/A Failed
£ Lateral Bracing Definitions (Z4Span 1- 750 ft.
5633 Minimum N/A Passed
T LRFD Multiple Presence Factors (Z4Span 1 - 15.00 ft.
£ Environmental Conditions S I X 6A4.2.1 General Load Rating Equation - Concrete Flexure l N/A Failed
(Z4Span 1 - !
o Design Parameters jsp by W Cracked Moment of Tnertia Section Property Calcalations N/A General Comp.
" (Z4Span 1 -
- & SUPERSTRUCTURE DEFINITIONS o 1000 @ PS_Basic_Properties Calculation N/A General Comp.
. -3
B Anrt S Girder System B ® PS_Gross_Composite_Section_Properties PS Gross Composite Section N/A General Comp.
= Impact/Dynamic Load Allowance =a5pan 1 -
ak Load Case Description (—4Span 1-37.50 ft.
&F Framing Plan Detail (Z4Span 1 - 45.00 ft.
£ Bracing Deterioration (g Span 1- 5225 ft.
BSC Bracing Spec Check Selection (&g Span1- 5250 ft.
T Structure Typical Section iy Span 1 - 55.00 ft.
e Superstructure Loads (g Span 1 - 60.00 ft.
T £ Concrete Stress Limits Soan1-67.50
(Z4Span 1-
- 2 Prestess Properties a5p .
# B2 Shear Reinforcement Definitions @ Span't - 7225
= & MEMBERS Span 1-74.25 ft
;., I Gt Span 1 - 75.00 ft.
2 IG [Z4Span2- 075 ft.
e Member Loads [Z4Span2- 275 ft.
“A Supports {24 Span 2 - 600 ft.
= a (4 Span 2 - 12.00 ft.
= | I 48'PSBox(® O 4 Span 2 - 18.00 ft
o ault Materials
1925 f
=} Impact/Dynamic Load Allowance s e
"B, Beam Details @i Span:2 =24 00 .
{§ Shrinkage Time (E4Span 2 - 30.00 ft.
%, Effective Supports 1Snan 2 - 3600 ft v

To review the flexure ratings at the 75.0 ft location, navigate to the Stage 3 specification check detail for the

analyzed member alternative, select the Span 1 — 75.00 ft point of interest, and then double-click on article 6A.4.2.1
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General Load Rating Equation — Concrete Flexure. This opens the Spec Check Detail window (see Figure 1)
which shows the details of how the ratings were calculated. It is worth noting that since moment redistribution was
not considered, the moment increments (DeltaM) for dead plus adjacent vehicle load (DL+AdjLL) and primary

vehicle with impact (LL+1) are not available and they do not affect the rating factors (RF).

Check Deta

€A Load and Resistance Factor Rating
€A.4 Load Rating Procedures

€A.4.2 General Load-Rating Egquation

€A.4.2.1 Concrete Flexure General

{BASHTO Manual for Bridge Evaluation, Third Edition with 2023 Interims)

PS Box Rect Void - At Location = 75.0000 (£t) - Left Stage 3

Input:

Condition Facter
System Factor

DC Moment {Max) (kip-£t)
DC Moment {Min) {kip-£t)
DW Moment (Max) (kip-£t)
DW Moment {Min) {kip-£t)
DW-H5 Moment (Max) {kip-£t)
DW-HS Moment (Min {kip-£t)

a)
Ignors Bositive Momen

Phi * K * Mn - GammaDC * M _DC - GammaDW * M _DW - GammaDW_WS * M_DW_WS - GammaSE * M_SE - GammaRdj_LL * M Adj_LL + DeltaM(DL+AdjLL)

GarmaLL * M_LL + DeltaM(LL+I)

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

Load Factors -~ Override ——
Load Limit 243, Delta¥ DeltaM
Load Combo  State iL 1L oc W DW-WS Phi Mn K |DL+adilL LL+1 RF Capacity
(kip-fr)  (kip-ft) {kip-£t) (kip-ft)  (kip-ft) (Ton)
Designlnv STR-I - 1.5
Designinv STR-T -—- 1.
DesignOp STR-T - 1.5
Designop STR-I --- 1.5
Designinv STR-I --- 1.
Designlnv STR-T - 1.5
DesignOp STR-T - 1.5
DesignOp STR-T - 1.50
Designinv STR-I --- 1.5
Designinv STR-I - i
DesignOp STR-I --- 1.50
DesignOp STR-I --- 1.50
LegalRout~ STR-T - 1. 1.5
LegalRout~ 4 STR-I --- 1. 1.5
LegalSpec~ 5 STR-I --- 1. 1.5 Y
LegalSpec~ 5 STR-I --- 1.5¢ 1.50 1.538
LegzlRout~ & STR-I --- 1. 1.50 NA
LegalRout~ ‘ STR-T - 1.50 1.5 2.450
LegalRout~ 7 STR-I --- 1.50 1.5 Y
LegalRout~ 7 STR-I --- 1.50 1.5 1.986
LegzlRout~ ] STR-I --- 1.50 1.50 NA
LegzlRout~ 8 STR-I --- 1.50 1. 1.971
Legend:

NA - Resistance and live load are of opposite sign so rating factor is not applicable.
* - Positive mOment rating ignored.

Load Combination Legend:

Code Vehicle
1 HL-93 (US) - Truck + Lane
2 HL-23 (US) - Tandem + Lane
3 HL-93 (US) - 90%(Truck Pair + Lane)
4 Lane-Typs Legal Load - Legal Truck + Lane
s NRL - Iegal Truck
£ Type 3 - Legal Truck
7 Type 3-3 - Legal Truck
8 Type 352 - Legal Truck

Figure 1 — 6A.4.2.1 Concrete Flexure General
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LRFR Rating with Moment Redistribution

Select the control option to allow moment redistribution as shown in Member Alternative Description — Control

options and rerun the analysis as shown in LRFR Rating. During analysis with the moment redistribution allowed,

the program displays information and warnings about applying moment redistribution to the bending moments for

the considered live load types. As shown in the screenshot below, moment redistribution was applied to the HL-93 —

Truck + Lane vehicular load and the load rating for this load may improve. For the HL-93 — 90% (Truck Pair +

Lane) load, however, moment redistribution could not be applied which means load rating for this load will not

improve.

Analysis
Analysis - 48° PS Box

4 @ Analysis Event

() 48" PS Box

_STACE=

level and Strengthl limit state.

Info - Moment redistribution for Type 3-3 - Legal Truck at LegalRoutine rating
level and Strengthl limit state.

Info - Moment redistribution for Type 3 - Legal Truck at LegalRoutine rating
level and Strengthl limit state.

Info - Moment redistribution for NRL - Legal Truck at LegalSpecial rating level
and Strengthl limit state.

‘Warning - Moment redistribution cannot improve critical LegalRoutine rating
for Lane-Type Legal Load - Legal Truck + Lane because it is governed by positive
flexure.

Warning - Moment redistribution cannot improve rating for Lane-Type Legal
Load - Legal Truck + Lane at LegalRoutine rating level.

Warning - Positive region moments are not considered for HL-g3 (US) - go%
(Truck Pair + Lane). Moment redistribution cannot be applied.

‘Warning - Moment redistribution cannot improve critical DesignInv rating for
HL-g3 (US) - Tandem + Lane because it is not governed by flexure.

Warning - Moment redistribution cannot improve rating for HL-93 (US) -
Tandem + Lane at DesignInv rating level.

Info - Moment redistribution for HL-g3 (US) - Tandem + Lane at DesignOp
rating level and Strengthl limit state.

Info - Moment redistribution for HL-93 (US) - Truck + Lane at DesignInv rating
level and Strengthl limit state.

evel and Strengthl limit state.

- Location - o.0000 (ft)

= Lotation=T7500

- Location - 7.5000 (ft)

- Location - 15.0000 (ft)

- Location - 21.7500 (ft)

- Location - 22.5000 (ft)

- Location - 30.0000 (ft)

- Location - 37.1250 (ft)

Q— Moment redistribution for HL-93 (US) - Truck + Lane at DesignOp rating
I /

TSTAGE3
Info - Moment redistribution for Type 352 - Legal Truck at LegalRoutine rating

@ Errors | (4, Warnings

Type

Ay Warning -

Description

Superstructure definition humidity and System Default humidity is not entered. Default value of 80% will be used.

Ay Warning -
i Warning -

Warning -
Warning -
Warning -
Warning -

Y

Warning -

Fatique vehicle LRFD Fatigue Truck (US) is not applicable for prestressed concrete members.

Moment redistribution cannot improve critical LegalRautine rating for Lane-Type Legal Load - Legal Truck + Lane because it is governed by positive flexure.

Reaction Distribution Factors are averaged from the Shear Distribution Factors!

Mement redistribution cannot improve rating for Lane-Type Legal Load - Legal Truck + Lane ot LegalRoutine rating level.
Positive region moments are not considered for HL-93 (US) - 90%(Truck Pair + Lane). Moment redistribution cannat be applied.

Moment redistribution cannot improve critical Designlnv rating for HL-

93 (US) - Tandem + Lane because it is not governed by flexure.

Moment redistribution cannot improve rating for HL-03 (US) - Tandem + Lane at Designlny rating level

Close

Last Modified: 7/16/2024
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The new Rating Results Summary with moment redistribution allowed is as shown below and it can be observed
that the critical rating factor for the HL-93 Truck + Lane load at inventory level increased with moment
redistribution to 0.913 from 0.872 without moment redistribution. However, the new factor is now at a different
location and due to SERVICE-II1 PS Tensile Stress and not due to STRENGTH-I Concrete Flexure. This means that
tensile stress now controls for this load combination and the rating factor due to flexure is even higher which will be

verified by reviewing the flexure rating article in Specification Check Detail with Moment Redistribution.

M Analysis Results - 48" PS Box — O X

. Lane/Impact loading type Display Format
Rating Results Summary O As requested Detailed Single rating level per row w

Live Load L“?y:zad Rating Method RLT‘L:IQ LDE?T::;IHQ Rating Factor LD?‘;‘:H SL’;;:EI;;:) Limit State Impact Lane —
HL-93 (US) Truck + Lane LRFR | Inventory 3351 0931 37.13| 1-(495)| SERVICE-II PS Tensile Stress | As Reguested | As Requested
HL-93 (US) Truck + Lane LRFR | Operating 32.25 1431 75.00 | 1-(100.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested
HL-93 (US) | 90%(Truck Pair + Lane) LRFR | Inventory 2850 0.792 75.00 | 1-(100.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested
HL-93 (US) | 90%(Truck Pair + Lane) LRFR | Operating 3695 1.026 75.00 | 1-(100.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested
HL-93 (US) Tandem + Lane LRFR | Inventory 3778 1.049 3713 | 1-(495)| SERVICE-II PS Tensile Stress | As Reguested | As Requested
HL-93 (US) Tandem + Lane LRFR | Operating 61.32 1.703 3713 1-1(49.5) | STRENGTH-I Concrete Flexure | As Requested | As Requested

Lane-Type Legal Load Truck + Lane LRFR Legal 3960.00 99,000 0.00 1-(0.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested
NRL Axle Load LRFR Legal 7291 1.823 75.00 | 1-(100.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested

Type 3 Axle Load LRFR Legal 71.59 2.864 75.00 | 1-{100.0) | STRENGTH-I Concrete Flexure | As Reguested | As Requested

Type 3-3 Axle Load LRFR Legal 102,51 2,563 7500 1-(100.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested

Type 352 Axle Load LRFR Legal 91.12 2531 75.00 | 1-(100.0) | STRENGTH-I Concrete Flexure | As Requested | As Requested

AASHTO LRFR Engine Version 7.5.1.3001

Analysis preference setting: None

Close

For the HL-93 — 90% (Truck Pair + Lane) load at the inventory level, moment redistribution could not be applied,
and the rating remained the same at 0.792. This is because moment redistribution reduces negative moments over
supports at the expense of increasing positive midspan moments. Since vehicular loads consisting of truck pair and
lane load are only considered for negative bending moments, it is not possible to determine the increase of positive
midspan moments and moment redistribution cannot be applied.

To confirm that only negative moments are considered for the HL-93 — 90% (Truck Pair + Lane) load, display the

bending moment diagram using the Results Graph window as shown below.

Last Modified: 7/16/2024 12
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o | ANALYSIS
BRIDGE WORKSPACE WORKSPACE ToOLS VIEW DESIGN/RATE
% o 5o
am & i
Analysis Analyze Analysis
Settings Events
Analysis Results
Workspace

Bridge  Components

M 35panSprdBoxTrainingBridgeMR
#- [ Components
-~ B2 Diaphragm Definitions
B Lateral Bracing Definitions
PP LRFD Multiple Presence Factors
- EC Environmental Conditions
- ©F Design Parameters
[E3 SUPERSTRUCTURE DEFINITIONS.
&t § Girder System
=} Impact/Dynamic Load Allowance
#& Load Case Description
&F Framing Plan Detail
2 Bracing Deterioration
BSC Bracing Spec Check Selection
T structure Typical Section
Hr Superstructure Loads
B2 Concrete Stress Limits
£ Prestress Properties
2 shear Reinforcement Definitions
€3 MEMBERS
& I G1
5 I G2
2 Member Loads
“A Supports.
9 MEMBER ALTERNATIVES
= T 48" PSBox (E) (Q)
7 Default Materials
= Impact/Dynamic Load Allowance
3 Beam Details
{§ Shrinkage Time
%, Effective Supports
2 Mild Steel Layout
2 strand Layout
- B2 Deck Profile
- P Haunch Profile
. ﬂ Interior Diaphragms
- B2 Shear Reinforcement Ranges
& Live Load Distribution
2 Points of Interest

# IG3
# I G4
# 165
= [&) BRIDGE ALTERNATIVES
& @ Bridge Alternative #1 (£) ()
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& Results graph - O
@ oy |
Properties PRl Print
Graph Print
0
E 200
a
=
=
T 400
E
[=}
=
-600
0 30 0 % 120 150 180
Distance [ft]
— MILL(+)-55-HL-93 (US)-90% (Truck Pair + Lang) — MLL(:)-s5-HL-93 (US)-90%(Truck Pair + Lane)
a a Moment - MLL{+)-55- ) MLL(-}-s5-
. ) HL-93 (US)- HL-93 (US)-
» | Deadload Span Location Distance 90%(Truck Pair + | 90%(Truck Pair +
4 B Live Load Lane) Lane)
4+ [@ Composite (short term) (Stage 3) Continuous | | ! 000 0 000 000
dsa s 1 175 175 0.00 0.00
B ) 1 750 75 0.00 0.00
» (] Lane 1 15.00 15 0.00 0.00
» | | Axeload 1 2175 2175 0.00 0.00
B 1 2250 25 0.00 0.00
» | Tandem
1 30,00 30 0.00 000
» [ Truck Pair 1 37.13 37.13 000 0.00
» | | Truck + Lane 1 3750 375 0.00 0.00
» | | Tandem + Lane 1 4500 ° 0.00 0.00
O P+ 1 1 5225 5225 0.00 0.00
4 (@ 90%(Truck Pair + Lane) 1 5250 525 0.00 000
B Positive 1 §0.00 60 0.00 000
B Negative 1 67.50 675 0.00 -403.08
Lo Tyoe Lool Load 1 7225 7225 0.00 -580.17
* anelypetegatton 1 7425 7425 0.00 -660.54
» NRL 1 75.00 75 0.00 -693.86
o Type3 2 0.00 75 0.00 69386
2 075 7575 0.00 666.85
> Typed3
2 275 7775 0.00 597.15
» ] Type3s2 2 6.00 81 0.00 499.99
Shear H 12,00 87 0.00 101.92
L2 2 1800 ol owd 9463
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Specification Check Detail with Moment Redistribution
When the control option to allow moment redistribution is selected by the user, the program processes the following
additional specification check articles during analysis:

e 5.10.8.1.2a Flexural Reinforcement (in negative moment regions)

e 5.10.8.1.2c Negative Moment Reinforcement (at support locations)

¢ 5.6.3.4 Moment Redistribution Percentage (at support locations)

e 5.6.3.4 Maximum Allowable Moment Redistribution Moments (at support locations)
As described in AASHTO LRFD/LRFR Superstructure Method of Solution Manual, these articles (highlighted in
orange in the screenshot below) check if requirements for applying moment redistribution are satisfied and
determine the maximum value of moment redistribution that can occur at support locations. Based on the support
values and the redistribution optimization procedure, moment increments (denoted DeltaM) are interpolated at each
POI between supports and applied to bending moments in the following specification check articles (highlighted in
yellow in the screenshot below):

e 5.6.3.2 Flexural Resistance

¢ 5.6.3.3 Minimum Reinforcement

e 6A.4.2.1 General Load-Rating Equation — Concrete Flexure
Open each of the highlighted articles and review their contents.

3 ANALYSIS o
BRIDGE WORKSPACE 'WORKSPACE TOOLS VIEW DESIGN/RATE Articles
= o) P All article
;:\.g & |8 ‘;‘ L g ,i Ha Properties Generate  Format
Analysis Analyze Analysis | Tabula} SpecificationfEngine Results 'Save St Tt
Settings Events | Resulty Check Detail [Outputs Graph Results
Analysis Results 4 (1 Superstructure Component & | Specification reference Limit State Flex. Sense Pass/Fail
» || Prestress Calculations +/ 5.10.8.1.2a Flexural Reinforcement N/A Passed
Workspace » 4Stage 1 +/ 5.10.8.1.2c Negative Moment Reinforcement N/A Passed
» [y Stage 2 +/ 54.2.1 Compressive Strength N/A Passed
Bridge  Components 5425 Poisson's Ratio N/A General Comp
5 @ 35panSprdBoxTrainingBridgeMR 4 (348" PS Box 5.42.6 Modulus of Rupture N/A General Comp.
v: Components 5pan1-0 ‘?“ ft 5.4.2.8 Concrete Density Modification Factor N/A General Comp.
:‘ E:::,\dta(:r;ij‘[‘;:;s\l:oy.s - :‘:: : ; S; : 5.5.4.2 PS Strength Limit State - Resistance Factors N/A General Comp.
1T LRED Multiple Presence Factors jg‘m B 5.6.2.2 Rectangular Stress Distribution N/A General Comp.
£¢ Environmental Conditions X 563.2 PS Flexural Resistance (Prestressed Concrete) N/A Failed

|2 Span 1-21.75 ft
Of Design Parameters v/ 5.63.3 Minimum Reinforcement N/A Passed

| Span 1 - 22.50 ft.
& SUPERSTRUCTURE DEFINITIONS b0t B 5.6.3.4 Moment Concrete Moment Redistribution Moments N/A General Comp.
- At 5 Girder System 5,634 Percentage Concrete Moment Redistribution Percentage N/A Geriaral Comip
5 3 X 6A4.2.1 General Load Rating Equation - Concrete Flexure N/A Failed
24 Load Case Description 24 Span 1- 37.50 ft 959
& Framing Plan Detail L Span 1 - 45.00 ft Cracked_Moment_of_Inertia Section Property Calculations N/A General Comp.
£ Bracing Deterioration L1 Span 1-52.25 ft. S_Basic_Properties Calculation N/A General Comp.
BSC Bracing Spec Check Selection g Span 1- 52550 ft. PS_Gross_Composite_Section_Properties PS Gross Composite Section N/A General Comp.

7 Structure Typical Section 21 Span 1 - 55.00 ft
e Superstructure Loads
# B2 Concrete Stress Limits

#- @ Prestress Properties

\d Span 1 - 60.00 ft.

=4 Impact/Dynamic Load Allowance 4 Span 1-37.13
1 |24 Span 1 - 67.50 ft.
I
1

#- £ Shear Reinforcement Definitions @ span1-7225 1
= & MEMBERS Span 1 - 74.25 ft.
# IG CiSpan2 075 1
4 Member Loads g Span 2 - 275 ft
A Supports 2§ Span 2 - 6.00 ft.

MEMBER ALTERNA |4 Span 2 - 12,00 ft
I 48 5 Box () © {2 Span 2 - 18.00 ft.

efault Materials

5T
Span 2 - 19.25 ft.
=} Impact/Dynamic Load Allowance ¥ =pan

3B, Beam Details |4 Span 2 - 24.00 ft.
{§ Shrinkage Time |§ Span 2 - 30.00 ft
& Effective Supports 1Snan 2 - 3RONF ¥

To verify that the flexure load rating factor increased for HL-93 Truck + Lane load at inventory level, open the

article titled 6A.4.2.1 General Load-Rating Equation — Concrete Flexure (see Figure 2). On the second row in
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the table, the rating factor is now 1.120 which is an increase of 0.248 (28%) from the initial value of 0.872. This
increase is due to the DeltaM moment increments which are the result of moment redistribution.

Since moment redistribution does not apply to the HL-93 — 90% (Truck Pair + Lane) vehicle, the DeltaM values for
that vehicle are not calculated and its rating factor at the inventory level stayed the same at 0.792 with and without

moment redistribution.

[ Spec Check Detail for 64.4.2.1 General Load Rating Equation - Conerete Flexure

64 Load and Resistance Factor Rating
6A.4 Load Racing Procedures

6A.4.2 General Load-Rating Equation

61.4.2.1 Concrete Flexure General

(AASHTO Manual for Bridge Eveluation, Third Edition with 2023 Interims)

PS Box Rect Void - At Location = 75.0000 (ft) - Left Stage 3

Input:

ion Factor
Factor

C
X
I
I
I

DH-W5 ¥
DW-WS Moment (Min)
Ignore Positive Momen

=
I
LA
Sowon o

=No

Phi * X * Mn - GammaDC * M DC - GammaDW * M DW - GarmaDW WS * M DW WS - GammaSE * M SE - Gammadj LL * M Adj LL + DeltaM(DL+AdjLL)

GammaLL * M_LL + DeltaM(LL+I)

Note: If the capacity has besn overridden, the Resistance is computed as override phi*override capacity.
Otherwise the Resistance is computed as per the Specification.

Load Factors -- Overrids --

Load Limit adj. Deltad DeltaM
Load Combo  State IL il ne DH  DW-WS 1L Ehi Mn Fai Mn K |DL+2djLL IL+I RF Capacity
(kip-fr)  (kip-Tt) {kip-ft) (kip-ft) (kip-Tt) (Ten)
DesignInv 1 STR-T -— 1.25 -— -— 1.00 | 26.24 55.13
Designinv 1 STR-I -—- ) —— — 26.24
DesignOp 1 STR-I - 1.25 -— - 26.24
DesignOp 1 STR-I - 1.25 — —
Designinv 2 STR-I - 1.25 — -
DesignInv 2 STR-T -— 1.25 . -
DesignOp 2 STR-T -— 1.25 . -
DesignOp 2 STR-T -— 1.25 - -
Designinv 3 STR-I -—- 1.25 . —
Designinv 3 STR-I -— 1.25 - _—
Designop 3 STR- - 1.25 — —
Designop 3 STR- - 1.25 — -
LegalRout~ r STR-I -— 1.25 . -
4 STR- -— 1.25 . -
STR- -— 1.25 - -
STR- - 1.25 - —
6 STR-I -— 1.25 — —
LegalRout~ 6 STR-I - 1.25 — - 2.
LegalRout~ 7 STR-T -— 1.25 — — 3.5
7 STR- -— 1.25 — — 2.5
STR- -— 1.25 — — 3.387
STR- -— 1.25 — — 2,331
NA - Resistance and live load are of opposite sign so rating factor is not applicable.

* - Positive moment raving ignored.

Load Combination Legend:

HL-93 (US) - Truck + Lane
HL-93 (US) - Tandsm + Lane

HL-33 (US) - 0% (Truck Pair + Lane}
Lane-Type Legal Load - Legal Truck + Lane
gal Truck

3-3 - Legal Truck
- Legal Truck

Figure 2 — 6A.4.2.1 General Load-Rating Equation — Concrete Flexure

The flexural resistance article (see Figure 3) is also affected by moment redistribution through moment increments
DeltaMu. For HL-93 Truck + Lane load at inventory level, the Mr/Mu ratio with moment redistribution is equal to:

M, —~1092.55
= =1.107
M,  —1233.71 + 246.74

which is an increase from the ratio without moment redistribution that is equal to:

M, —109255 0.886
M, —1233.71

In negative moment regions, moment redistribution can potentially increase flexure rating factor and design ratios,
but it is worth remembering that in positive moment regions the rating factors and design ratios may decrease due to

moment redistribution as the moment increments DeltaM will increase the positive moments.
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The design ratios for the HL-93 — 90% (Truck Pair + Lane) vehicle are unchanged as moment redistribution does not

apply to this vehicle and DeltaMu increments are not calculated.

The increments are also not calculated for any load combination under the SER-I1I limit state because moment

redistribution applies only to the strength limit states.

ﬂ Spec Check Detail for 5.6.2.2 PS Flexural Resistance (Prestressed Concrete)

5.6 Design for Flexural end Axial Effects - B Regions
5.6.3 Flexural Members

5.6.3.2 Flexural Resistance

(RASHTO LRFD Bridge Design Specifications, Ninth Edition)

PS Box Rect Void - At Location = 75.0000 (ft) - Left Stage 3

Cross Section Froperties

Girder £rci = 5.10(ksi)

Haunch Width
Haunch Thickness
Beam Height =

Total Aps
Total CGS

Eff Aps
Eff CGS

Allow Moment Redistribution Control Option: ¥es
Moment Redistribution Qualified: Yes, redistribution did occur.

Note: If the capacity has been cverridden, the Resistance is computed as override phi*override capacity.
ise the Resistance is computed as per the Specificaticn
Limit State Load DeltaMu
Combination kip-ft

1, DesInv
1, DesInv
1, De=lp
1, De=lp
2, Deslnv
2,

2

DesInv
, DesOp
2, Desop
3, DesInv
3, DesInv
3, Des0p
3, DesOp
4, LegalRout
4, LegalRout
5, LegalSpec
5, LegalSpec
6, LegalRout
6, LegalRout
, LegalRout
LegalRout
, LegalRout
, LegalRout
, DesInv

s
s
5
5
5
s
s
B
s
=
5
5
E
E
5
5
5
E
s
s
5
5

EEEEEEEEEEEEEEEEEEEE R
70 20l v 2 o o
FH R

i
5
=

s

i
i

Load Combination Legend:

Code Vehicle
HL-93 (US) - Truck + Lane

HL-33 (US) - Tandem + Lane

HL-33 (US) - 80%(Truck Pair + Lane)
Lane-Type Legal Load - Legal Truck + Lane
NRL - Legal Truck

Type 3 - Legal Truck

Type 3-3 - Legal Truck

Type 352 - Legal Truck

e e

Figure 3 —5.6.3.2 Flexural Resistance

One more specification check article affected by moment redistribution is the minimum reinforcement article (see
Figure 4). When moment redistribution is applied to Mu through the DeltaMu increment, the Mr/MrMin ratio may
change if MrMin is governed by Mr2 which in turn is equal to 1.33 Mu.
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(B Spec Check Detail for 5.6.3.2 Minimum Reinforcement
oncrete Structures

Design for Flexural and Axial Effects — B Regions

.3 Flexural Members

6.3.3 Minimum Reinforcement

(ARSHTO LRFD Bridge Design Specifications, Ninth Editicm)

5cC
5.6
5.6
2

PS Box Rect Void - At Location = 75.0000 (ft) - Left Stage 3

Cross Section Properties for Prestress box beam with Rectangular void

Rame: BII-48 Girder f'c = 6.00(ksi) Girder £'ci = 5.10(ksi)

Beam Height = 33.00¢in) Side Wall Thickness = 5.00(in)

Top 5lab Hidch = 47.25(in)

Top 5lab Thick = 5.50(in)

Bottom Slab Widch = 48.00(in)

Bottom Slab Thick = 5.50(in)

Shear Key Top - 6.00{in)

Shear Key Height = 6.00{in)

Shear Key Depth = 0.75(im)

B1 = 3.00{in)

B2 = 3.00{in)

B3 = 3.00{in)

B4 = 3.00(in)

Slab f'c = 4.00 (ksi)

Effective Slab Width = $0.00 (in) Haunch Width = 47.25(in)
Effective 5lab Thickness = 7.50(in) Haunch Thickness = 0.50(in)

Fleyural Reinforcement

2s Dist. From
Bottom
(in"2) {in)
1.86 3.00
3.96 37.50
2.79 35.50

Cross section is located in the region over the pier between the simple span bearings.
Section will be analyzed as a reinforced concrete section.

0.59 (ksi) fr deck = 0.48 (ks1)
253622.51 (in*4) STop = {in*3)
25 (im) SBot =  10027.05 (in*3)
Fy/Fu.
1.60
1.10
0.67
Mcr - Gamma3 * [( gammal*fr + Gamma2=fcpe)*Sc - Mdnc * (Sc/Snc - 1)] (5.6.3.3-1)

(Note: For reinforced concrete members Sc = Snc)

Ml = Mcr Article 5.6.3.3
Mr2 = 1.33 * Mu Article 5.6.3.3
MrMin = Min(Mrl, Mr2) Article 5.6.3.3

Z1low Moment Redistriburion Control Oprion: Yes
Moment Redistribution Qualified: Yes, redistribution did ocour.

Fote: If the capacity has been overridden, the Resistance is computed as override phi*override capacity.
Otherwise the Resistance is computed as per the Specification.

--- Qverride - DR =

Limit Load Mu DeltaMu se Mcr Mri Mr2 Bhi r Mr Mr/MrMin

State Comb {kip-ft) (kip-It) (in~3) (kip-ft) (kip-ft) (kip-ft) {kip-ft) (kip-ft)

STR-I 1, DesInv 246.72 10027.05 523.97 523.97 350.88 459.84 1.311 Pass
STR-I 1, Dealnv 246.74 | -19754.87 -842.87 -842.87 -1312.67 -1092.55 1.296 Pass
STR-I 1, DesOp 196.34 10027.05 523.97 523.97 459.82 1.926 Pass
STR-I 1, DesOp 196.34 | -19754.87 -842.87 -842.87 -1082.55 1.296 Pass
STR-I 2, DesInv -19754.87 -842.87 -1082.55 26.856 Pass
STR-I 2, DesInv -19754.87 -842.87 -1082.55 1.296 Pass
STR-I 32, DesOp 150.232 10027.05 523.97 459.84 3.062 Pass
STR-I 2, DesOp 150.22 | -18754.87 -1082.55 1.296 Fass
STR-I 3, Deslav -19754.87 -1082.55 6.260 Pass
STR-I 3, Deslnv -19754.87 -1092.55 1.296 Pass
STR-I 3, DesOp -18754.87 -1092.55 6.260 Fass
STR-I 3, DesOp -19754.87 -1092.55 1.296 Pass
STR-I 4, LegalRout -19754.87 -1092.55 6.260 Pass
STR-I 4, LegalRout -19752.87 -1092.55 6.260 Pass
STR-I 5, LegalSpec 105.39 10027.05 459.82 4.359 Pass
STR-I 5, LegalSpec 105.3% | -19754.87 -1092.55 1.296 Pass
STR-I 6, LegalRout -19754.87 -1082.55  333.283 Pass
STR-I 6, LegalRout -18754.87 - 1.802 Pass
STR-I 7, LegalRout 10027.05 6.167 Pass
STR-I 7, LegalRout -19754.87 - 1.675 Pass
STR-I 2, LegalRout 10027.05 5.5%6 Pass
STR-I 8, LegalRout -18754.87 - 1.6598 Fass
SER-III 1, DesInv -19752.87 -1092.55 22.093 Pass
SER-ITI 1, DesInv -19754.87 -1092.55 1.343 Pass
SER-III 2, Dealnv -19754.87 -1092.55 16.658 Pass
SER-III 2, DeaInv -19752.87 -1092.55 1.572 Pass
SER-III 3, DesInv -19754.87 -1082.55 7.825 Pass
SER-III 3, Deslnv -19754.87 -1082.55 1.296 Pass
SER-III 4, LegalRout -19754.87 -1082.55 7.825 Pass
SER-III 4, LegalRout -18754.27 -1082.55 7.825 Pass
SER-III 5, LegalSpec -19754.87 -1082.55 27.045 Pass
SER-III 5, LegalSpec -19754.87 -1082.55 1.403 Pass
SER-III 6, LegalRout -18754.87 -1082.55 14.161 Pass
SER-III 6, LegalRout -18754.87 -1082.55 z.018 Fass
SER-IIT 7, LegalRout -19754.87 -1092.55 14,380 Pass
SER-III 7, LegalRout -19754.87 -1092.55 1.728 Pass
SER-III s, LegalRout -19752.87 -1092.55 15.880 Pass
SER-III 8, LegalRout -13754.87 -842.87 -1092.55 1.711 Pass

Load Combination Legend:

Code Vehicle

HL-93 (US) - Truck + Lane

HL-93 (US) - Tandem + Lane

HL-93 (US) - 90%(Truck Pair + Lane)
Lane-Type Legal Load - Legal Truck + Lane
NRL - Legal Truck

Type 3 - Legal Truck

Type 3-3 - Legal Truck

Type 352 - Legal Truck

@ e

Figure 4 —5.6.3.3 Minimum Reinforcement

All specification check articles affected by moment redistribution are related to flexure only because moment

redistribution does not apply to shear effects. In the bridge model considered in this tutorial, shear effects are
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ignored, and no shear related articles are shown but even if shear was not ignored and shear articles were processed,

they would not be affected by moment redistribution.
The additional specification check articles processed only when the moment redistribution is allowed by the user are

shown in Figure 5 through Figure 8. Open each article and review its contents.

a Spec Check Detail for 5.10.8.1.2a Flexural Reinforcement

Figure 5—-5.10.8.1.2a Flexural Reinforcement

The articles shown in Figure 5 and Figure 6 check several reinforcement requirements that must pass for moment
redistribution to be applied. For instance, in the negative moment reinforcement article (Figure 6), the required
length of the reinforcement on the right side of the first interior support is calculated to be 28.881 ft which is almost
half of the 60.0 ft span between interior supports. Since the reinforcement in the original imported bridge model
extended only 15.0 ft from the support, the reinforcement length had to be adjusted. Otherwise, the length check

would fail, and redistribution would not be applied at all.
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[l Spec Check Detail for 5.10.8.1.2¢ Negative Moment Reinforcement

Concrete Structures

and Splices of Reinforcement

.8.1 General
.8.1.2 Flexural Reinforcem

[ERTRTET)

.10.8.1.2c Negative Moment Reinforcement

(AASHTO LRFD Bridge Design Specifications, Ninth Edition)

PS Box Rect Void - At Location = 75.0000 (ft) - Left Stage 3
overall Depth = 41.00(in)
36.67 (in)
.25 (£8)
.96 (ft)
AsTension 6.75(in"2)
Top Bar Required Extension Max (Effective Depth, 1/16 *

Top Bar Required Length (Distance To Inflection Point

If (Sum of Top Bar As with Required Length Satisfied) >= (AsTen:

Top Bar Required Length (Distance To Inflection Point) + (Top
If (Sum of Top Bar As with Required Length Satisfied) »= (AsTension
(LeftTerm) >=

Then <Pass>

(LeftTerm) >=  (Rig
Then <Pass>
Dist. From Bar Bar Required Required
Bottom Bar Diameter Area Humber As Length Extension Length
(in) size (in) (in*2) of Bars {in"2) (fr) (fr) (£r) satisfied
37.50 6 0.44 9.00 3.96 4.641 18.603 Yes
35.50 5 0.31 9.00 2.79 4,841 18.603 Yes
(LeftTerm) = 6.75 in"2 >= (RightTerm) = 2.25 in"2 <Pass>
PS Box Rect Void - At Location = 75.0000 (ft) - Right stage 3
overall pepth 41.00(in)
Effective Deg .67 (in)
Clear Span Length 58.50 (ft)
nce Te Inflection Point = 25.22(
AsTension = 6.75(in"2)
Top Bar Required Extension Max(Effective Depth, 1/16 * Clear Span Len 12 * Bar Diameter)

Bar red Exte;

/ 3) Then <PFass>

Dist. From Bar Bar Required
Bottom Bar Diameter Area Humber as Length Length
(in) size (in) (in"2) of Bars {in"2) (£r) (£t)
37.50 6 0.44 9.00 3.856 28.881 Yes
35.50 5 0.31 9.00 3.656 28.861 Yes
(LeftTerm) = 6.75 in"2 >= (RightTerm) = 2.25 2 <pass>

Figure 6 —5.10.8.1.2c Negative Moment Reinforcement

[l Spec Check Detail for 5.6.2.4 Percentage Concrete Moment Redistribution Percentag

5 Concrete Structures

5.6 DESIGN FOR FLEXURAL AND AXIAL FORCE EFFECTS - B REGIONS
5.6.3 Flexural Members

5.6.3.4 Moment Redistribution Percentage - At Support Location
(ARSHTO LRFD Bridge Design Specifications, Ninth Edition)
PS Box Rect Void - At Location = 75.0000 (ft) - Left Stage
If Et >= 1.5Etl and Flexure Type is Neg, moment rediscribution
Maximm moment reduction percentage (MRP) = Max(20.0, 1000Et)

Minimum value of left side MRP and right side MRP will be used

e

can occur

as MRE on both sides of this support.

Maximum Maximum
Negative Redist. Reduction
Limit Load  Flexure Mu Can  1000Et Percentage
state Combo Type  (kip-ft) Et Etl 1.5Etl  occur? (%) (%)
STR-I 1, DesInv Neg -1233.71  0.043538 0.005 0.0075 Yes 43.54 20.00
STR-I 1, DesOp  Neg -931.72  0.043538 0.005 0.0075 Yes 43.54 20.00
STR-I 2, Deslnv  Neg -1044.80  0.043538 0.005 0.0075 Yes 43.54 20.00
STR-T 2z, DesOp  Neg -235.93  0.043533 0.005 0.0075 Yes 43.54 20.00
STR-I 3, Deslnv Neg -1345.48  0.043538 0.005 0.0075 Yes 43.54 20.00
STR-I 3, DesOp  Neg -1067.24  0.043538 0.005 0.0075 Yes 43.54 20.00
STR-T 4, LegalB~ Neg -131.22  0.043533 0.005 0.0075 Yes 43.54 20.00
STR-I 5, LegalS~ Neg -755.72  0.043538 0.005 0.0075 Yes 43.54 20.00
STR-T &, LegalR- Neg -523.59  0.043533 0.005 0.0075 Yes 43.54 20.00
STR-T 7, Legal®~ Neg -612.90  0.0433533 0.005 0.0075 Yes 43.54 20.00
STR-I g, LegalB~  Neg -612.93  0.0433328 0.005 0.0075  Yes 43.54 20.00

Load Combinaticn Legend:

Code Vehicle
1 HL-93 (US) - Truck + Lane
2 HL-93 (US) - Tandem + Lane
3 HL-93 (US) - 90%(Truck Pair + Lane)
4 Lane-Type Legal Load - Legal Truck + Lane
5 NBL - Legal Truck
3 Type 3 - Legal Truck
7 Type 3-3 - Legal Truck
B Type 352 - Legal Truck

Figure 7 —5.6.3.4 Moment Redistribution Percentage

In the moment redistribution percentage article (Figure 7), strain requirements are checked to determine if moment
redistribution can be applied. Also, the maximum percentages of moment reduction at supports are calculated. Based
on the percentages, the maximum moment increments (DeltaM) at supports are calculated in the maximum

allowable moment redistribution moments article (Figure 8).
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E Spec Check Detail for 5.6.2.4 Moment Concrete Moment Redistribution Moments

5 Concrete Structures
5.6 DESIGN FOR FLEXURAL AND AXIAL FORCE EFFECTS - B REGIONS
5.6.3 Flexural Members
5.6.3.4 Maxinum Allowable Monent Redistribution Moments - At Support Location
(RASHTO LRFD Bridge Design Specifications, Ninth Editicn)
S Box Rect Void - At Location = 75.0000 (ft) - Left Stage 3
Input:
M DC = -104.98 kip-ft
MDA = 0.00 kip-ft
M_DW-WS = 0.00 kip-fr
M_ET = 0.00 kip-ft
MSE = 0.00 kip-ft
Limit Load  Flexure MRP M LL M RdjLL
State Combe Type (%) {kip-ft) (kip-ft
STR-T 1, DesInv Neg .00 -629.99 0.00
STR-I 1, DesCp  Neg _00 -629.99 0.00
STR-I 2, DesInv  Neg 00 -522.04 0.00
STR-I 2, DesCp  Neg 00 -522.04 0.00
STR-T 3, DesInv  Neg .00 -693.86 0.00
SIR-I 3, DesCp  Neg 00 -23.26 0.00
SIR-I 4, Legali~ Neg 00 0.00 0.00
STR-I 5, Legals- lYeg 00 -480.38 0.00
STR-I €, LegalR- Neg 00 -301.82 0.00
STR-I 7, LegalR~ Neg 00 -370.52 0.00
STR-I g, LegalR~ Neg .00 -375.16 0.00
Load Factors
Limit
State Load Combo nc il DH-WS SE T LL BdjLL
STR-T 1 1. 1.50 1.50 0.00 1. 0
STR-I 1 1. 1.50 1.50 0.00 1. 0
STR-I 2 1. 1.50 1.50 0.00 1. 0.
STR-T 2 1. 1.50 1.50 0.00 1. 0
STR-I 3 1. 1.50 1.50 0.00 1. 0
STR-I 3 1. 1.50 1.50 0.00 1. 0.
STR-T 4 1. 1.50 1.50 0.00 1. 0
STR-T 5 1. 1.50 1.50 0.00 1. 0
STR-I 6 1. 1.50 1.50 0.00 1. 0.
STR-I 7 1. 1.50 1.50 0.00 1. 0
STR-T 8 1. 1.50 1.50 0.00 1. 0
SER-ITT 1 1.6 1.00 1.00 0.00 a. 0
SER-III 2 1 1.00 1.00 0.00 a. 0
SER-ITI 3 1 1.00 1.00 0.00 a. 0
SER-ITI 4 1.0 1.00 1.00 0.00 1.¢ 0.
SER-ITT 5 1 1.00 1.00 0.00 1. 0
SER-ITI [ 1 1.00 1.00 0.00 1. 0
SER-ITI 7 1 1.00 1.00 0.00 1. 0
SER-IIT 8 1.0 1.00 1.00 0.00 1.¢ 0.
Maximm Allowsble Mcment Redistribution Moments
Max Delta M = -MRE * M
where:
MRP maximum reduction percentage
M = elastic moment due to applied load
Unfactored Max_Delta M ———-—— -—- Factored Max Delta M
Limit Load  Flexure HRE il oW DH-§S SE BT L AdjLL  DL+AdjLL IL+I
State Combo Type (s) (kip-ft]  (kip-ft)  (kip-ft) (kip-ft) (kip-ft)  (kip-ft] (kip-ft) (kip-ft) (kip-fs
STR-1 1, DesInv  Neg 21.00 0.00 0.00 0.00 126.00 0.00 26.24 220.50
STR-I 1, DesOp  Neg 21.00 0.00 .00 0.00 126.00 0.00 26.24 170.10
STR-T 2, DesInv  Neg 21.00 0.00 0.00 0.00 104.41 0.00 26.24 182.72
STR-T 2, Desop  Neg 21.00 0.00 0.00 0.00 104.41 0.00 26.24 140.95
STR-I 3, DesInv  Neg 21.00 0.00 .00 0.00 138.77 0.00 26.24 242.85
STR-T 3, Desop  Neg 21.00 0.00 0.00 0.00 138.77 0.00 26.24 187.34
STR-T 4, LegalR~ Neg 21.00 0.00 0.00 0.00 0.00 0.00 26.24 0.00
SIR-I 5, Legals~ Neg 21.00 0.00 0.00 0.00 96.08 0.00 26.24 124.90
SIR-I 6, LegalR~ Neg 21.00 0.00 0.00 0.00 60.36 0.00 26.24 78.47
STR-T 7, LegalR~ Neg 21.00 0.00 0.00 0.00 74.10 0.00 26.24 96.34
STR-T 8, LegalR~ Neg 21.00 0.00 0.00 0.00 75.03 0.00 26.24 97.54

Load Cembination Legend:

Code Wehicle

HL-93 (US) - Truck + Lane

HL-33 (US) - Tandem + Lane

HL-93 (US) - 90% (Truck Pair + Lane)
Lane-Type Legal Load - Legal Truck + Lane
FRL - Legal Iruck

Type 3 - Legal Truck

Type 3-3 - Legal Truck

Type 352 - Legal Truck

Figure 8 — 5.6.3.4 Maximum Allowable Moment Redistribution Moments

The actual amount of moment redistribution applied for each vehicle is reported in the Moment Redistribution

Report discussed in the next section.
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Moment Redistribution Report

Detailed information about the amount of moment redistribution applied for each vehicle at each location and how
moment redistribution affects the flexure rating factors is available in the Moment Redistribution Report. To view
the report, click on the Engine Output button located on the Results group of the DESIGN/RATE ribbon and then
double-click on the Moment Redistribution Report item in the tree showing the available engine output files as

shown in the screenshot below.

R ANALYSIS @ 35panSprdBoxTrainingBridgeMR _ o] %
BRIDGEWORKSPACE ~ WORKSPACE  TOOLS ~ VIEW  DESIGN/RATE & i ;
=5 Girder System

o =] ™ Nl " = G2
A ar 8 & | X H .
- <~ Lo & 48" PS Box
Analysis Analyze Analysis = Tabular Specification] Engine |Results Save =-AASHTO LRFR
Settings Events | Results Check Detail [Outputs | Graph Results Moment Redistribution Report

Stage 3 Spec Check Results

Analysis Results Log File

Workspace

Bridge  Components
5 @ 35pansprdBoxTrainingBridgeMR
£ Components
£ Diaphragm Definitions
£2 Lateral Bracing Definitions
T LRFD Multiple Presence Factors
€2 Environmental Conditions
oF Design Parameters
&2 SUPERSTRUCTURE DEFINITIONS
S S Girder System
= Impact/Dynamic Load Allewance
AL | oad Case Description
£F Framing Plan Detail
B Bracing Deterioration
B5C Bracing Spec Check Selection
T Structure Typical Section
e Superstructure Loads
B Concrete Stress Limits
- [ Prestress Properties

- [ Shear Reinforcement Definitions
- (&2 MEMBERS
I
= IG
|- e Member Loads
- " Supports
= B
= | I 48"PSBox(®) (O
o1 Default Materials
—} Impact/Dynamic Load Allowance
"B, Beam Details
{& shrinkage Time
% Effective Supports

Cancel

The report is a text file, and it will be open in the default text viewer. The format of the report file is shown in Figure
9 and Figure 10 which include locations from the first span for selected vehicles. Highlighted in the figures are the
controlling rating factors before and after moment redistribution, and the percentages of applied moment
redistribution at the first interior supports.

For the HL-93 Truck + Lane vehicle (Figure 9), the applied redistribution percentage at Support 2 (first interior
support) is 20% which is equal to the maximum redistribution percentage. This is because even when the maximum
redistribution percentage is applied, the minimum negative flexure rating factor is still smaller than the positive
flexure rating factor, so it is beneficial overall to apply as much redistribution as allowed.

On the other hand, for the Type 3 Legal Truck vehicle (Figure 10), the applied redistribution percentage at Support 2
(first interior support) is 12.93% which is smaller than the maximum redistribution percentage of 20%. This is
because if the maximum redistribution percentage was applied the minimum positive flexure rating factor would
become smaller than the negative flexure rating factor. In other words, too much redistribution would be applied and
the detrimental effect of moment redistribution in the positive flexure would exceed the beneficial effect in negative

flexure. In such cases, the program attempts to optimize the amount of applied moment redistribution by reducing

Last Modified: 7/16/2024 21



Moment Redistribution in Three Span Spread PS Box Beam

the applied redistribution percentages at supports so that the rating factors in positive and negative flexure after

moment redistribution are equal. Reducing the applied redistribution percentage to 12.93% achieves this goal and

both positive and negative flexure rating factors after moment redistribution are equal to 2.864 which is an increase

of 0.414 (16.9%) from the controlling negative flexure rating factor before moment redistribution of 2.450.

"I MomentRedistributionReport.tct - Notepad

File Edit

Before moment redistribution:

Format View Help
Moment redistribution for HL-93 (US) - Truck + Lane at Design Inventory rating level and StrengthIl limit state.

Minimum positive flexure rating factor = 1.252 @ 37.125 ft
Minimum negative flexure rating factor = @.872 @ 75.800 ft

After moment redistribution:

Minimum positive flexure rating factor = 1.151 @ 37.125 ft
Minimum negative flexure rating factor = 1.1

Location

(ft)

a.
75.
75.

13s5.
135.
195.

ooe
[21:L:]
eee
eee
[21:L:]
[21sL:]

Location

(1)

a.

1.

1.

7.

7.
15.
15.
21.
21.
22.
22.
30.
30.
37.
37.
37.
37.
45,
45,
52.
52.
52.
52.
55.
55.
60.
60.
67.
67.
72.
72.
74.
75.
75.

[21sL:]
758
758
508
50@
eee
[21:L:]
758
758
508
508
eee
eee
125
125
500
508
[21sL:]
eee
258
258
500
500
ooe
[21sL:]
eee
ooe
508
500
250
258
258
[21:L:]
eee

Suppor

Side
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Left
Right

t

SRR ENEN

Side
Right
Left
Right
Left
Right
Left

Span

NRERRPRPBRERRERRRBRERRERERRRRRRERB R B RS RSS

Span

WwRN R e

L

Location
in Span

(ft

)

0.

1.

1.

7.

7.
15.
15.
21.
21.
22.
22.
30.
30.
37.
37.
37.
37.
45.
45,
52.
52.
52.
52.
55.
55.
60.
60.
67.
67.
72.
72.
74.
75.

a.

080
750
758
500
500
el
080
750
750
500
580
0ee
el
125
125
500
500
080
0ee
250
250
500
500
088
080
0ee
088
500
500
250
250
250
080
0ee

ocation
in Span
(ft)
8.000
75.000
6.000
60.000
8.000
60.0080

Perce
in Sp
(%)
a.
2.
2.
1e.
ie.
20.
20.
29.
29.
38.
30.
48.
4a.
49.
49,
5@.
50.
60.
60.
69.
69.
70.
7e.
73.
73.
8e.
8e.
9.
9@.
96.
96.
99.
1ee.

20 @ 75.000 ft

nt
an

[21sL:]
333
333
008
ooe
ooe
008
[21sL:]
ooe
[l:1¢]
[21sL:]
ooe
ooe
500
500
ooe
[l:1¢]
[21sL:]
ooe
667
667
ooe
ooe
333
333
ooe
[l:1¢]
008
ooe
333
333
[l:1¢]
008

.gee

Percent
in Span  DL+AdjLL
(%) (kip-ft)  (
@.00@ a.e0
1ee.000 -131.22
e.000 -131.22
1lee.oee -80.87
0.000 -80.87
1ee.ee0 @a.ee
Positive  Negative
Flexure Flexure
Capacity Capacity
(kip-ft)  (kip-ft)
596.96 -87.16
1931.13 -231.92
1931.13 -231.92
2764.96 -234.38
27e4.9 -234.38
3095.55 -142.67
3095.55 -142.67
3202.96 -54.32
3202.96 9.00
3202.9%6 2.00
3202.96 0.08
3202.9 0.00
3202.96 8.00
3202.96 2.00
3202.9 0.80
3202.96 9.00
3202.9%6 2.00
3202.96 0.08
3202.9 0.00
3202.9%6 2.00
3202.96 -54.32
3198.98 -56.97
3198.98 -56.97
3159.20 -87.73
317@.85 -1185.95
3091.18 -1172.88
3091.18 -1172.@8
2631.54 -1259.15
2944.68  -1261.62
2265.85 -1267.13
2265.85 -1267.13
826.20 -1133.46
459.84  -1892.55
459.84  -1892.55

Max Applied
Redistribution Redistribution
LL+T Percentage Percentage
kip-ft) (%) %)
B.08 0.800 0.000
-11082.49 20.000 20.000
-1102.49 2¢.000 20. 000
-807.27 20.000 20. 000
-807.27 20.000 20.000
8.00 0.000 0.000
Initial Max
Flexure Initial Initial Initial Delta
Capacity  DL+AdjLL LL+I Controlling DL+AdjLL
(kip-ft) (kip-ft) (kip-ft) Flexure RF (kip-ft)
596.96 0.08 8.e0 99.000 0.08
1931.13 138.81 165.56 10.826 8.61
1931.13 138.81 165.56 10.826 2.61
2764.96 547.41 629.93 3.52@ 2.62
2764.96 547.41 629.93 3.52@ 2.62
3095.55 970.89 1857.44 2.809 5.25
3095.55 970.89 1057.44 2.809 5.25
3202.96 1246.87 1278.76 1.53@ 7.61
3202.96 1246.87 1278.76 1.53@ 7.61
3202.9 1279.45 1296.81 1.49@ 7.87
3202.96 1270.45 1296.81 1.49@ 7.87
3202.96 1446.09 1395.@8 1.259 1e.5e
3202.96 1446.09 1395.08 1.259 16.58
3202.96 1498.15 1361.17 1.252 12.99
3202.96 1498.15 1361.17 1.252 12.99
3202.96 1497.79 1357.21 1.256 13.12
3202.9 1497.79 1357.21 1.256 13.12
3202.96 1408.780 1195.36 1.501 15.75
3202.96 14@8.70 1195.36 1.501 15.75
3202.9 1204.78 988.51 2.199 18.28
3202.96 1204.78 908.51 2.199 18.28
3198.98 1195.68 896.81 2.234 18.37
3198.98 1195.68 896.81 2.234 18.37
3159.20 1683.36 762.75 2.722 19.25
3178.085 1683.36 762.75 2.736 19.25
3@91.18 858.73 494.63 4.513 21.00@
3091.18 858.73 494.63 4.513 21.00
-1259.15 397.86 -497.68 3.329 23.62
-1261.62 397.86 -497.68 3.334 23.62
-1267.13 41.88 -861.37 1.52@ 25.28
-1267.13 41.88 -861.37 1.52@ 25.28
-1133.46 -122.88 -1835.74 @8.976 25.98
-1092.55 -131.22 -1102.49 0.872 26.24
-1892.55 -131.22 -1102.49 @8.872 26.24

Max
Delta
LL+I

(kip-ft
]

5.
5.
22.
22,
44,
44,
63.
63,
66.
66.
88.
88.
109,
189.
11@.
118.
132.
132,
153.
153.
154.
154,
161.
161.
176.
176.
198.
198.
212,
212
218.
220.
220.

)

.00

14
14
05
@s
108
18
94
94
15
15
20
208
15
15
25
25
38
EL)
61
61
35
35
78

A1

29
50
50

Applied

Delta

DL+Ad]LL
(kip-ft)

0.

7.
1e.
18.
12.
12.
13.
13.
15.
15.
18.
18.
18.
18.
19.
19.
21.
21.
23.
23.
25.
25.
25.
26.
26.

NNNURNND®

oL
61
61
62
62
25
25
61
61
87
87
50
50
99
99
12
12
75
75
28
28
37
37
25
25
2o
28
62
62
28
28
98
24
24

Applied

Delta

LL+I

(kip-ft)

0.
5.
5.
22.
22.
a4,
a4,
63.
63.
66.
66.
88.
88.
189.
189.
110.
110.
132.
132.
153.
153.
154.
154.
161.
161.
.40
.40
.45
.45
.41
41
218.
220.
220.

176
176
198
198
212
212

[}
14
14
05
s
10
18
94
94
15
15
20
20
15
15
25
25
38
30
61
61
35
35
78
78

29
50
58

Positive Negative
Flexure RF Flexure RF
99.000 99.@08
1@.4% 99.000
10.49% 99.008
3.397 99.0080
3.397 99.e00
1.924 99.608
1.924 99.000
1.452 99.@08
1.452 99.000
1.412 99.008
1.412 99.@08
1.177 99.e00
1.177 99.608
1.151 99.000
1.151 99.000
1.153 99.000
1.153 99.008
1.348 99.@08
1.340 99.e00
1.864 99.008
1.864 99.000
1.888 99.800
1.888 99.000
2.225 99.008
2.236 99.@08
3.29 99.e00
3.29 99.008
99.000 5.617
99.000 5.625
99.000 2.856
99. 0900 2.856
99.000 1.268
99.000 1.129
99.00¢ 1.120

Figure 9 — Moment redistribution for HL-93 (US) - Truck + Lane at Design Inventory rating level and Strength | limit state
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]| MementRedistributionReport.txt - Notepad

File Edit

Before moment redistribution:
Minimum positive flexure rating factor =
Minimum negative flexure rating factor =
After moment redistribution:
Minimum positive flexure rating factor =
Minimum negative flexure rating factor =

Location
(ft) Support
o.eee 1
75.000 2
75.000 2
135. 0080 3
135.0080 3
195. 008 4
Location
(Ft) Side
@.00@ Right
1.75@ Left
1.758 Right
7.500 Left
7.58@ Right
15.000 Left
15.90@ Right
21.758@ Left
21.758 Right
22.50@ Left
22.508 Right
30.000 Left
30.90@ Right
37.125 Left
37.125 Right
37.50@  Left
37.50@ Right
45.0800 Left
45.888 Right
52.25@ Left
52.258 Right
52.508 Left
52.50@ Right
55. 000 Left
55.00@ Right
600080 Left
60.908 Right
67.508 Left
67.50@ Right
72.258 Left
72.258 Right
74.258 Left
75.000 Left
75.00@ Right

Format View Help
Moment redistribution for Type 3 - Legal

Side
Right
Left
Right
Left
Right
Left

Span

MNRRPRERRERRBRERRERRERBRERRERRBREBRRERER R R RBRRR R RS

Span

WwoN R e

Locati
in Sp.
(ft)
a.
1.
1.
7.
7.
15.
15.
21.
21.
22.
22.
30.
3e.
37.
37.
37.
37.
45.
45,
52.
52.
52.
52.
55.
55.
60.
60@.
67.
67.
72.
72.
74.
75.
a.

L

on
an

000
750
750
508
500
0eg
000
758
750
500
508
080
0eg
125
125
580
500
008
080
250
250
500
500
000
000
080
000
508
500
250
250
250
000
000

Truck at Legal Routine rating level and StrengthI limit state.

3.885 @ 37.125 ft
2.450 @ 75.000 ft
2.864 @ 37.125 ft
2.864 @ 75.000 ft
Max Applied
ocation Percent Redistribution Redistribution
in Span in Span DL+AdjLL LL+I Percentage Percentage
(£t) %) (kip-ft) (kip-ft) ) )
0.000 e.000 0.e0 0.00 ©.e0e 0.eee
75.000 1lee.oee -131.22 -392.37 20.000 12.93@
2.000 0.000 -131.22 -392.37 20.000 12.93@
60.0080 1ee.ee0 -80.87 -282.98 20.000 20.000
8.080 ©.000 -80.87 -282.98 20.000 20.000
60. 000 1ee.000 0.00 8.08 0.000 @.000
Positive Negative Initial Max
Percent Flexure Flexure Flexure Initial Initial Initial Delta
in Span  Capacity Capacity Capacity DL+AdjLL LL+I Contrelling DL+AdjLL
(%) (kip-ft)  (kip-ft) (kip-ft) (kip-ft) (kip-ft) Flexure RF (kip-ft)
@.000 596.96 -87.16 596.96 0.e0 0.00 99.000 0.e0
2.333 1931.13 -231.92 1931.13 138.81 70.29 25.499 8.61
2.333 1931.13 -231.92 1931.13 138.81 70.29 25.499 @.6l
10.000 2764.96 -234.38 2764.96 547.41 266.82 8.311 2.62
10.000 2764.96 -234.38 2764.96 547.41 266.82 8.311 2.62
20.000 3095.55 -142.67 3@95.55 970.89 445,96 4.764 5.25
20.000 3095.55 -142.67 3@95.55 970.89 445,96 4.764 5.25
29.000 3202.96 -54.32 3202.96 1246.07 537.01 3.644 7.61
29.000 3202.96 0.00 3202.96 1246.87 537.e1 3.644 7.61
30.000 3202.9 9.00 3202.96 1279.45 544.31 3.55@ 7.87
30.000 3202.96 2.08 3202.96 1279.45 544.31 3.55@ 7.87
4a.008 3202.96 0.00 3202.96 1446.89 583.96 3.809 10.58
40.000 3202.9 0.00 3202.96 1446.09 583.96 3.009 1e.5@
49.508 3202.96 8.08 3202.96 1498.15 567.28 3.885 12.99
49.500 3202.96 2.00 3202.96 1498.15 567.28 3.805 12.99
50.000 3202.9 0.00 3202.96 1497.79 565.46 3.e16 13.12
50.000 3202.9 9.00 3202.96 1497.79 565.46 3.016 13.12
60. 000 3202.96 2.08 3202.96 1488.78 497.47 3.687 15.75
60.000 3202.96 0.00 3202.96 1408.780 497.47 3.607 15.75
69.667 3202.9 0.00 3202.96 1204.78 383.16 5.215 18.28
69.667 3202.96 -54.32 3202.96 12084.78 383.16 5.215 18.28
70.000 3198.98 -56.97 3198.98 1195.68 378.52 5.292 18.37
70.000 3198.98 -56.97 3198.98 1195.68 378.52 5.292 18.37
73.333 3159.20 -87.73 3159.20 1883.36 326.97 6.349 19.25
73.333 317@.85 -1185.95 3178.085 1083.36 326.97 6.382 19.25
80.000 3091.18 -1172.88 3091.18 858.73 223.88 9.972 21.80
80. 000 3091.18 -1172.88 3091.18 858.73 223.88 9.972 21.80
90. 000 2631.54 -1259.15 2631.54 397.86 54.95 40.646 23.62
90.000 2944 .68 -1261.62 294468 397.86 54.95 46.344 23.62
96.333 2265.85 -1267.13 -1267.13 41.88 -3@3.e3 4.320 25.28
96.333 2265.85 -1267.13 -1267.13 41.88 -3e3.e3 4.320 25.28
99.0¢0 826.20 -1133.46 -1133.46 -122.88 -368.13 2.745 25.98
lee.gee 459.84  -1892.55 -1092.55 -131.22 -392.37 2.450 26.24
0.000 459.84  -1892.55 -1092.55 -131.22 -392.37 2.450 26.24
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Figure 10 — Moment redistribution for Type 3 - Legal Truck at Legal Routine rating level and Strength | limit state
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Positive Negative
Flexure RF Flexure RF
99.000 99.000
25.871 99.0080
25.9871 99. 000
8.150 99.000
8.15@ 99.000
4.651 99. 000
4.851 99. 000
3.538 99.000
3.538 99.0080
3.445 99. 000
3.445 99.000
2.896 99.0080
2.896 99. 000
2.864 99. 000
2.864 99.000
2.872 99. 000
2.872 99. 000
3.379 99.000
3.379 99.0080
4.746 99. 000
4.746 99.000
4.810 99.000
4.810 99. 000
5.666 99. 000
5.696 99.000
8.39%0@ 99.0080
8.390 99. 000
22.849 99.000
25.161 99.008
99.00¢ 5.215
99.000 5.215
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99.000 2.864
99.000 2.864
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