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TRANS-IPIC Quarterly Progress Report:

Project Description:
1. Research Plan - Statement of Problem
Bridge owners need smart tools to manage their aging inventories within budget and safety constraints. This project is developing a digital twin (DT) framework tailored for prestressed concrete bridges that can be used for continuous condition assessment through integrated inspection, evaluation, and analysis. A DT is a dynamic virtual representation of a bridge that evolves with time by incorporating data from design, construction, inspection, monitoring, evaluation, and structural analysis. The proposed DT incorporates a bridge evaluation tool that estimates stiffness changes in girders during service life and finite element models that can determine the impact of stiffness change on load distribution. This can capture beneficial load re-distribution effects stemming from stiffness changes to eliminate unduly conservative load ratings and bridge girder health assessments. This work can lay the foundation for data-informed infrastructure management, demonstrating how DTs enhanced with machine learning can transform bridge health monitoring from reactive to proactive. 

2. Research Plan - Summary of Project Activities (Tasks)
Task 1. Identify a bridge: In this task, a real bridge that has prestressed girders and a concrete deck will be identified in collaboration with a State Department of Transportation. Information related to the bridge such as bridge plans, maintenance history, field instrumentation data, and inspection reports will be collected. 
Task 2. Create a digital twin workflow: A workflow will be created to lay out the DT components and to ensure continuous data transfer between components. The components include crack width sensing, a machine learning algorithm that detects stiffness changes, and system and member level finite element analysis (FEA) to determine load distribution and capacity, respectively. 
Task 3. Evaluate girder stiffness: In this task, girder stiffness at given crack widths will be estimated using an existing machine learning algorithm developed by the investigators. The change in stiffness will be used as an input for task 4.
Task 4. Incorporate load redistribution into analyses: In this task, the stiffness predictions from task 3 will be used to update a system-level FEA of the testbed bridge. This analysis will determine how stiffness degradation in one or more girders alters load distribution across the bridge superstructure.
Task 5. Evaluate girder capacity: A member-level FEA will be performed for individual prestressed girders, considering the stiffness change identified in task 3, to estimate their residual capacity. 
Task 6. Compare capacity to demand: The capacity obtained in Task 5 will be compared to the demand that captures load re-distribution obtained in Task 4. This will allow generating guidance on whether the bridge is safe, it should be load posted or closed to traffic.
Project Progress:
3. Progress for each research task
Task 1. Identify a bridge [90% completed to date]: The LTBP InfoBridge (Federal Highway Administration, N/A) database published by the Federal Highway Administration was scanned to identify a suitable prestressed concrete bridge with a superstructure condition rating of fair or poor. Two bridge owners were contacted to collect information on bridges with a known performance problem. The owners provided information on prestressed concrete bridges that have shear cracking or section loss in both concrete and strands due to corrosion and related spalling. Inspection reports and structural plans for these bridges were obtained. All bridges are adjacent box girder bridges in fair condition. One of the bridges will be the focus of this study.  
Task 2. Create a digital twin workflow [80% completed to date]: An automated workflow was developed in Visual Studio to integrate the DT components (e.g., information stored in Microsoft Excel) and facilitate data exchange with the FEA software (e.g., the commercial structural analysis software SAP2000(CSI 2026)). For the bridge selected in Task 1, the crack widths reported in the inspection reports are being correlated with stiffness change using a machine learning tool. This stiffness change is stored in a Microsoft Excel format. The Visual Studio workflow is being set up to read this file, update the system-level FEA model, and re-run the analysis to obtain updated member forces considering redistribution of forces among girders due to stiffness change. The developed workflow was tested on a two-span continuous beam with various crack width values.

Task 3. Evaluate girder stiffness [5% completed to date]: A method for predicting the stiffness of the selected bridge is available and is being used for the pilot bridge identified in Task 1. 
Task 4. Incorporate load redistribution into analyses [0% completed to date]: This task has not started.
Task 5. Evaluate girder capacity [0% completed to date]: This task has not started.
Task 6. Compare capacity to demand [0% completed to date]: This task has not started.

4. Percent of research project completed
This project is 30% completed. 

5. Expected progress for next quarter
In the next quarter, tasks 1, 2, 3, and 4 will be completed, and task 5 will be initiated.

6. Educational outreach and workforce development
None.

7. Technology Transfer
None.

Research Contribution:
8. Papers that include TRANS-IPIC UTC in the acknowledgments section:
Hassan Lasheen, M., Okumus, P., Elhami Khorasani, N., Chandola, V. (2026) “Evaluating Prestressed Concrete Beams with Cracks using Machine Learning.”, manuscript, TRANS-IPIC workshop, Rosemont, IL, April 14.

9. Presentations and Posters of TRANS-IPIC funded research:
Hassan Lasheen, M., Okumus, P., Elhami Khorasani, N. (2026) “Digital Twins for Evaluation of Precast Concrete Bridges: An Overview.”, poster presentation, TRANS-IPIC workshop, Rosemont, IL, April 14.

10. Please list any other events or activities that highlights the work of TRANS-IPIC occurring at your university (please include any pictures or figures you may have). Similarly, please list any references to TRANS-IPIC in the news or interviews from your research. 
None.

Appendix 1: Research Activities, leadership, and awards (cumulative, since the start of the project)

A. Number of presentations at academic and industry conferences and workshops of UTC findings
· No. = 1

B. Number of peer-reviewed publications submitted based on outcomes of UTC funded projects
· No. = 0

C. Number of peer-reviewed journal articles published by faculty.
· No. = 5

D. Number of peer-reviewed conference papers published by faculty.
· No. = 1

E. Number of TRANS-IPIC sponsored thesis or dissertations at the MS and PhD levels.
· No. MS thesis = 0
· No.  PhD dissertations = 0
· No. citations of each of the above = 0

F. Number of research tools (lab equipment, models, software, test processes, etc.) developed as part of TRANS-IPIC sponsored research.
· None

G. Number of transportation-related professional and service organization committees that TRANS-IPIC faculty researchers participate in or lead.
· Professional societies
· No. participated in = 5
· No. lead = 0
· Advisory committees (No. participated in & No. led)
· No. participated in = 0
· No. lead = 0
· Conference Organizing Committees (No. participated in & No. led)
· No. participated in = 2
· No. lead = 0
· Editorial board of journals (No. participated in & No. led)
· No. participated in = 5
· No. lead = 2
· TRB committees (No. participated in & No. led)
· No. participated in = 1
· No. lead = 0

H. Number of relevant awards received during the grant year
· No. awards received = 1

I. Number of transportation related classes developed or modified as a result of TRANS-IPIC funding.
· No. Undergraduate = 0
· No. Graduate = 2

J. Number of internships and full-time positions secured in the industry and government during the grant year.
· No. of internships = 0
· No. of full-time positions = 0
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