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Project Background

Non-Redundant Steel

Tension Member Load Path Redundant
(NSTMs) Members

Steel Bridge Tension (Formerly FCMs)

Members

Internally Redundant
Members (IRMs)

Redundant Members

System Redundant
Members (SRMs)

IRM = A primary built-up steel member in tension, or with
a tension element, that has redundancy within the cross-
section, such that fracture of one element will not
propagate through the entire member [IRM Guide Spec]
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23 CFR Part 650 (up to date as of 4/04/2023)

Project Background

e 2018 — IRM Guide Specification

e 2022 — Update to 23 CFR Part 650 -
Approved IRM as an official label

* SPR 4631 (2021->2024) — INDOT -
Evaluating the Potential Benefits of
Implementing AASHTO Guide
Specifications for the Analysis and
Identification of Fracture Critical and

System Redundant Members
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Project Background - SPR 4631

US 41 - White River

Bridge

Locations Evaluated 330
Percent Passing IRM Evaluation ~94%
Total IRMs Length 9012 ft
Special Inspection Interval 10 years T Wars
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Project Background - SPR 4631
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Project Goals and Tasks

SPR 4946
Implementation of the AASHTO IRM Guide Specification for Steel
Girder Bridges

]l
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Project Goals

* A tool that can evaluate members for internal redundancy
* Effective and accurate
*Seamless integration with AASHTOWare BrR

* Contains a user-friendly GUI
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Project Tasks

Task 1 — Develop the Program Specification

* Scope and out-of-scope requirements of the software
* Design overview/framework
* Requirements for Alpha (back end) and Beta (front end) versions

 Comprehensive plan to verify the tool’s accuracy and completeness
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Project Tasks

Task 2a — Coding, Testing and Validating Alpha (Back End) Version of Software

* Core calculations and logic

Based off the AASHTO IRM Guide Specifications

Independent of any GUI (Graphical User Interface)

Key software inputs from BrR API (or user if not available via the API):

* Geometry of the bridge and primary members

* Member stresses from AASHTO Fatigue Truck or long-term monitoring

Outputs include strength checks, fatigue cases, remaining fatigue life in both the unfaulted and faulted states and

the maximum intervals for special inspections
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Project Tasks

Task 2b — Coding, Testing and Validating Beta (Front End) Version of Software

* Development of a user-friendly front-end GUI (Graphical User Interface)
* Like Task 2a, will undergo rigorous testing

 Graphical outputs

AAS Hll:l Ware™

2025 Rating and Design User Group Meeting ﬁ BRIDGE

DESIGN AND RATING



Project Tasks

Task 3 - Development of User Manual

* Guide for users to effectively use the software

* Fictitious example structures with both passing and failing members
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Project Tasks

Task 4 — User Testing

* Three to five users to test the program and reviewing

* User will be asked to complete an IRM evaluation of a bridge and provide a detailed review of the program’s

engineering accuracy and aesthetic design

° I al!
Feedback will be crucial! e
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Project Tasks

Task 5 — Finalizing and Publishing of Final Version

* Analyze and incorporate feedback on software and user manual

* Publishing Version 1.0
AASHIOWare™
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Project Tasks

Task 1 — Develop the Program Specification V

Task 2a — Coding, Testing and Validating Alpha (Back End) Version of Software
Task 2b - Coding, Testing and Validating Beta (Front End) Version of Software
Task 3 - Development of User Manual

Task 4 — User Testing

Task 5 — Finalizing and Publishing of Final Version
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Current Progress — Program Specification

Design Overview:

* Operating System: Windows

* Programming Language: C#

Ul Framework: Windows Presentation Foundation (WPF)

Integrated Development Environment (IDE): Visual Studio

MSI Installer: WiX or WiX# or Microsoft Visual Studio Installer Projects 2022

BIRMA will have access to the BrR APl through .NET Framework

™

Visual Studio
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Current Progress — Program Specification

Scope

=Steel Two Girder Bridges (Flexural Members)
"Pre-existing BrR Model

"BIRMA performs IRM evaluation based on the
IRM Guide Spec

sGUI to guide user on process
=»User Manual with examples

= Ability to use Fatigue Observation of Ranges and

Trends for In-Situ Structures (FORTIS) data

2025 Rating and Design User Group Meeting

Out of Scope

= Axial Members, such as trusses
=" One-off calculations without BrR model
=System redundant evaluation

=Validating the BrR models accurately reflect the bridge
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Choose Model

Existing AASHTOWare BrR
Bridge Model
FORTIS (Fatigue Observation If screening criteria
es of Ranges and Trends for In- are not met = NSTM
¢ Situ Structures)
FORTIS Questions \/
Effective stress range J
(o]
Nanber 97 Cycled ¢ Member Dam_age_ (Location General Requirements
SAFE — Scaling Adjustment for Fatigue . ) if applicable) -
Evaluation (0% = full confidence, 10% = Initial screening > 5| Pin and hangers?
ical SAFE questions Cracks Compression flange welded
typ ) Significant corrosion to web?
Confirm instrumentation is on the Impact damage
outermost fiber of member. Provide figure.
Design Flowchart
v .
Collect Unfactored Moments « Web « Year built
Along Length of Girder Collecting data from = o depth « ADTT
BrR model (=) o thickness o | * Growth rate
DC1, DC2, DW (max or min) 2 E « Tension + compression angles E « Calculated: R;, Rg and Rp
' ' 7l |e ° giZ_e ?;gnglefl o = | « Calculated: n, number of cycles
. o oQrientation ot long ieg per truck
L max oy mn) Validate inputs. g « Tension + compression cover plates
FAT+M (Range = max - min) Puapiseion. ¢—7 |8 g o UmRer
missing values 2|5 o Thickness
£ o Width « FyandF,
« Composite?
- i) = Negative moment regions
A Validate that FAT+IM moment g » Type —— T | « Concrete deck properties
exist for the FORTIS point. ¢ RIVEUDO : E
? es— (=) ) » o Effective slab width
FORTIS point by interpolation. 5l ™ g'am.e‘e' e o Concrete modulus of elasticity
« Spacing + distance from edge .
e E 9 g o Haunch details
Scale FAT+IM moments along
entire length of member based
on FORTIS/BIR ratio + SAFE
No
Strength Capacity Checks, Fatigue Life Check,
v Faulted State Check Unfaulted State Check
Gross/net section Load and resistance factors Falen Unfactored effective stress range Fames
» properties of
unfaulted shape Cover plate adjustment factor Maximum stress range
> Check —3 Check
Redundancy Il factored moment Passed | |nfinite life check Fassed
v
g Factored stress vs resistance Finite life check
Gross/net section IRM
°’°°e’t::"z:;fa”"ed Performance ratio Unfaulted remaining fatigue life
Fatigue Life Check,
Faulted State Final Output
Faulted effective and maximum stress range Special IRM Inspections
Summary of Findings
H H H Infinite life check »| Special Inspection interval »
2025 Rating and Design User Group Meeting S
Finite life check Projection of future intervals
Elevation view with IRM and NSTM labeled
Remaining faulted fatigue life




Current Progress — Program Specification

Defining Quality Testing and Validation

=Unit Testing — program runs correctly
»"Functional Testing — the outputs are as expected

=User Testing —tool is accurate and user friendly
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Current Progress — Back-End Program

Set up the Visual Studio file framework

Interactive Menu

Prompting user for information

Tapped into the BrR API

e Starting and ending a sessions
* Loading bridge models

* Accessing member information via

superstructure definitions

e Starting analysis

2025 Rating and Design User Group Meeting

Git Project Build Debug £ Analyze Tools  Extensions Window  Help > Search ~ BIRMA Tool

Debug ~ AnyCPU ~ P BIRMAAIpha ~ [> BT

GirderAnalysisTool.cs + X

[#] BIRMA Alpha ~ “BBIRMA.Alpha.GirderAnalysisTool
(@ AASHTO.BrDR.Analysis.API;
AASHTO.BrDR.Analysis.API.Feedback;
g TO lysis.API.Simplifie
T 1 ’T. Simplifie
AASHTO Domain.Bridge;
AASHTO.BrDR.Domain . Event
SHTO.BrDR.Domain.Library
AASHTO. .Domain.Manager;
AASHTO. .Domain.Manager.BaseManagers;
AASHTO. .Sys.SystemTypes;
Syste
t

BIRMA.Alpha

AnaLychndSaveMomcnts(
bridge,
superstructure,
member)

doBridgeResultsManager = GetManager<|

doBridgeResults = doBridgeResultsManager.Create();

doAnalysisEvent = doBridgeResults.AnalysisEvent;
doAnalysisEvent.BridgeResults = doBridgeResults;

doAnalysisEvent.StructuralAnalysisType.SetValue( STD);

doAnalysisEvent.SetAnalysisMethodType( EVNTLRFR) ;

outputDir = Combine(@"s
CraateNiractarul antntNie) -

100% - © No issues found &~

w output from: Debug

Qutput

D Ready

Solution Explore
B o-sAa@ % K=

&
AnalyzeAndSaveMoments(DoBridge bridge, DoStructDef superstructure, DoSuperStructS - %=

Search Solution Explorer (Ctrl+;)

= Solution 'BIRMA Tool' (1 of 1 project)

4 & [&%] BIRMA.Alpha
P #0 Dependencies
P - C# Birmalogic.cs
b & C# BridgeQueryTool.cs
C# BrRSessionManager.cs
&) DesignReadMe.txt
GirderAnalysisTool.cs

C* Program.cs

s", Sanitize(bridge.AgencyCode.GetValue()), Sanitize(superstructure.Name.GetValue()), Sanitize(member.Name.GetValue()));

Lm:25 Ch:10  SPC  CRLF Solution Explorer

Tlojfoa #Z4 i3 main =
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File Edit View

® ~ T-2B B Debug ~ AnyCPU - P BIRMAAIpha ~ [ B
Program.cs # X BrRSessionManager.cs Birmalogic.cs GirderAnalysisTool.cs BridgeQueryTool.cs
BIRMA.Alpha ¥

1 Console.WriteLine(" BIRMA Main Menu");
1 Conso[c_Write[_ine(”:':::"::'::::::’::‘::::::::,-::::::::::::::‘:");

Console.WriteLine("1. Interactive Bridge Inspector");
Console.WriteLine("2. Run Cross-Section Query on ALL Bridges");
Console.WriteLine("0. Exit");
Console.WritelLine("========================c
Console.Write("Please select an option: ");

_.:A:");

string? choice = Console.ReadLine();

switch (choice)
{
case "1":

|

// Launch the interactive bridge inspec
Birmalogic.Run();

break;
case "2":

BridgeQueryTool.Run();
break;
case "0":
Console.WriteLine("Exiting...");
return; // Exit the applicatio
default:
Console.WriteLine("Invalid option. Please try again.");
break;

Console.WriteLine("\nOperation finished. Press any key to return to the main menu...

Console.ReadKey();

100% ~ & @ No issues found | &~

OQutput

Show output from: Debug

- M )

The thread '.MNET TP Worker' (220) has exited with code @ (@x@).

The thread '.NET TP Worker' (13036) has exited with code @ (ex@).
The thread '.NET TP Worker' (35184) has exited with code @ (exe).
The thread ".NET TP Worker' (2348) has exited with code @ (@x0).
The thread ".NET TP Worker' (1796@) has exited with code @ (exe).
The thread ".NET TP Worker' (31084) has exited with code @ (@x@).
The program '[37468] BIRMA.Alpha.exe' has exited with code @ (@x@).

4
Error List = Output

E:] Ready

Git Project Build Debug Test Analyze Tools Extensions Window Help P Search ~

(ENE

BIRMA_Tool

A

[lif

W

11

X

¥ -

& GitHub Copilot |&

bl

v # Solution Explorer 32X 5
(s}
F 3 -5 AR % K= 3
®  Search Solution Explorer (Ctrl+;) P~ 7
a = Solution ‘BIRMA Tool' (1 of 1 project) o
4 &[c5] BIRMA.Alpha
4 28 Dependencies
P @ Analyzers
4 =& Frameworks
g i P *E& Microsoft. NETCore.App
4 @B Packages
b e AASHTO.BrDR.Analysis.API {7.6.1.3001)
b '@ AASHTO.BrDR.API.Loaderv76 {7.6.1.3002)
> '@ AASHTO.BrDR.Domain {7.6.1.3001)
b 'e AASHTO.BrDR.Domain.Manager {7.6.1.3001)
b '@ AASHTO.BrDR.Sys {7.6.1.3001)
C#® Birmalogic.cs
C# BridgeQueryTool.cs
C# BrRSessionManager.cs
@) DesignReadMe.txt
P+ C® GirderAnalysisTool.cs
C® Program.cs
v
CRLF GitHub Copilot Chat = Solution Explorer Git Changes
v X
~
F

flo/os /5 j§main- [GBRMA- [g




& Superstructure Definition Wizard - Superstructure Definition

Superstructure definition name: Superstructure definition type

Material type: Steel o O Girder system

Girder line
Girder type: Rolled v

Side Quest - Bridge Query Tool | ™

o Cross-sec tion based

* INDOT has a long list of structures, but wanted to jﬁj:jjf’t )
know which members were defined using the °
“Cross-section based” input method o

« Developed a quick Query Tool to be able to find

Web: 1936 to 1963

structures that meet that requirement

——
840000  in U L 6x6x0.5 > -
* Easy way to determine which bridges could be | Tn

Hole size
84.0000
M

. J/_J-LI L 6x6x0.5 9 Top number: |
evaluated for internal redundancy

Enter angle descriptions in table

PS5’

Horz. leg Vert. leg Horz. thi Horizontal leg

Top: 6 ~ Bottom: 6 v
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I

” File Edit View Git Project Build Debug Test Analyze Tools Extensions Window  Help £ Search ~ BIRMA Tool { - X
© - T-e2BE 9- Debug ~ AnyCPU ~ P BIRMAAIpha ~ [> B . % WE =% [ 2 & GitHub Copilot 12 & [

Program.cs BrRSessionManager.cs Birmalogic.cs GirderAnalysisTool.cs BridgeQueryTool.cs & X v & GitHub Copilot Chat v 0 X E‘?
%] BIRMA.Alpha + 92 BIRMA.Alpha.BridgeQueryTool ~ [T Run{ ~ % [J I would like help troubleshooting my code... = 3 2= 3

10 { B With this: < i)

1 reference g‘
11 v | internal class BridgeQueryTool Active Document Appl 1! oy
12 o i PPl bl -
: t  1reference int spaces = Math.Max(@, barWidth - |

13 v : public static void Run() I string bar = "[" + new string('=', p¢ =

14 > | : { ]

15 ' 1 | string outputDirectory = @"S:\BIRMA_VG\"; . "

16 ! 5 } string timestamp = DateTime.Now.ToString("yyyyMMdd_HHmmss");

17 5 ; ; ‘ string outputFileName = $"Bridge_Detailed_Report_{timestamp}.txt";

18 1 ; : string outputFilePath = Path.Combine(outputDirectory, outputFileName); ' u  This will prevent the negative count error at the end

19 ‘ : z of your progress bar.

20 ‘ : | Console.wr%teL%ne( \n-—- Sta?tlng Detailed Bridge Report Tool —-—"); . - Was this helpfulz &% O

21 j , i Console.WriteLine($"Report will be saved to: {Path.GetFullPath(outputFilePath)}");

22 A

23 ‘ | | var stopwatch = System.Diagnostics.Stopwatch.StartNew();

24 ‘ 3 5

25 1 : // Move these variable declarations here I =

26 ‘ ! f int processedCount = 0; -

27 ‘ 5 j int bridgesWithCrossSection = 0,

28 : b

29 Vo \ try

30 5 i -

3 Directory.CreateDirectory(outputDirectory); i

32 > What additional error handling can | implement to improve

33 v using (StreamWriter writer = new StreamWriter(outputFilePath)) the robustness of the bridge analysis tool?

4 {

5 ' writer.WritelLine($"BIRMA Detailed Bridge Report - Generated on: {DateTime.Now}"); € S N Active Document X

Console.WriteLine($"BIRMA Detailed Bridge Report — Generated on: {DateTime.Now}");

3

Ask Copilot or use @workspace

W W wwwwu
(=)

8 v using (var sessionManager = new BrRSessionManager())
9 i
4o ‘ DoBridgeManager bridgeManager = BRIDGEWare.BridgeManager; 00 [Jask~ GPT 41 ~ b=
41 DoBridgeSummaryManager summaryManager = BRIDGEWare.GetManager<DoBridgeSummaryManager>();
42 ‘ : ‘ | ‘ 1 it
100% ~ & @ No issues lound | &~ « 3 In: 122 Ch:82 SPC  CRIF  GitHub Copilot Chat Solution Explorer Git Changes
Output v 01X
Show output from: Debug v = @
'BIRMA. Alpha.exe' (CoreCLR: clrhost): Loaded 'C: \Program F11es\dotnet\shared\Mlcr‘osoft NETCore. App\8 Q. 18\netstandard d11' Sklpped loading symbols Module is optimized and the debugger option 'Just My Code' is enabled. .

'BIRMA.Alpha.exe' (CoreCLR: clrhost): Loaded 'S:\BIRMA\BIRMA.Alpha_UseThis\bin\Debug\net8.0-windows\Oracle.ManagedDataAccess.dll'. Module was built without symbols.

'BIRMA.Alpha.exe' (CoreCLR: clrhost): Loaded 'C:\Program Files\dotnet\shared\Microsoft.NETCore.App\8.@.18\mscorlib.dll'. Skipped loading symbols. Module is optimized and the debugger option 'Just My Code' is enabled.

‘BIRMA.Alpha.exe' (CoreCLR: clrhost): Loaded 'S:\BIRMA\BIRMA.Alpha_UseThis\bin\Debug\net8.0@-windows\AASHTO.BrDR.AnalyticalTools.Tools.d1ll'. Module was built without symbols.

'BIRMA.Alpha.exe' (CoreCLR: clrhost): Loaded 'S:\BIRMA\BIRMA.Alpha_UseThis\bin\Debug\net8.0-windows\AASHTO.BrDR.AnalyticalTools.Geometrylegacy.dll'. Module was built without symbols.

'BIRMA.Alpha.exe' (CoreCLR: clrhost): Loaded 'C:\Program Files\dotnet\shared\Microsoft.NETCore.App\8.@.18\System.Collections.NonGeneric.dll"'. Skipped loading symbols. Module is optimized and the debugger option "Just My Code' is enabled.

The thread '.NET TP Worker' (12656) has exited with code @ (@xe).

The thread '.MET TP Worker' (17649) has exited with code @ (@x@).

The thread ".NET TP Worker' (13716) has exited with code @ (@xe).

The thread °".NET TP Worker' (34596) has exited with code @ (@x@). —_—
The program '[6424] BIRMA.Alpha.exe' has exited with code @ (8x8).

1 »
Error List  Qutput

[] Ready fLo/oa 75 (gmina [GBRMA- [
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Future Work

Task 1 — Develop the Program Specification V

Task 2a — Coding, Testing and Validating Alpha (Back End) Version of Software
Task 2b - Coding, Testing and Validating Beta (Front End) Version of Software
Task 3 - Development of User Manual

Task 4 — User Testing

Task 5 — Finalizing and Publishing of Final Version

AAS Hll:l Ware™

2025 Rating and Design User Group Meeting ﬁ BRIDGE

DESIGN AND RATING



JAWAR =] Hll:lWar'-eTM

DESIGN AND RATING

7 (G .~/\
v/ ,/ //0 ,
y. & 7 :
=% )‘—&—_z—é .
Yave {”’7’,—,” s ST 7 A;V
B

STy
ge=g UESTIONS
o V7 \ °
, J -

i
’

7



	Slide 1: Bridge Internal Redundant Member Analyzer (BIRMA) Tool
	Slide 2: Overview of Presentation
	Slide 3: Project Background
	Slide 4: Project Background
	Slide 5: Project Background
	Slide 6: Project Background - SPR 4631 
	Slide 7: Project Background - SPR 4631 
	Slide 8: Project Goals and Tasks 
	Slide 9: Project Goals
	Slide 10: Project Tasks
	Slide 11: Project Tasks
	Slide 12: Project Tasks
	Slide 13: Project Tasks
	Slide 14: Project Tasks
	Slide 15: Project Tasks
	Slide 16: Project Tasks
	Slide 17: Current Progress
	Slide 18: Current Progress – Program Specification
	Slide 19: Current Progress – Program Specification
	Slide 20: Current Progress
	Slide 21: Current Progress – Program Specification
	Slide 22: Current Progress – Back-End Program
	Slide 23
	Slide 24: Side Quest - Bridge Query Tool 
	Slide 25: Current Progress – Side Quest – Bridge Query Tool 
	Slide 26: Future Work
	Slide 27: Future Work
	Slide 28

