
[image: A close up of a logo

AI-generated content may be incorrect.]



Transportation Infrastructure Precast Innovation Center 
(TRANS-IPIC)

University Transportation Center (UTC)


Digital Twins for Evaluation of Precast Concrete Bridge Girders
UB-25-RP-01

Quarterly Progress Report
For the performance period ending September 30, 2026


Submitted by:
Pinar Okumus, Associate Professor, pinaroku@buffalo.edu
Department of Civil, Structural and Environmental Engineering
University at Buffalo, the State University of New York


Collaborators / Partners:
None


Submitted to:
TRANS-IPIC UTC
University of Illinois Urbana-Champaign
Urbana, IL


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 [100% completed to date]: The LTBP InfoBridge (Federal Highway Administration, 2025) database published by the Federal Highway Administration was scanned to identify a suitable prestressed concrete bridge. Bridges with fair or poor superstructure condition ratings were identified. Two bridge owners were contacted to inquire bridges with known performance problems. The owners identified prestressed concrete bridges in their inventories that have cracking, section loss, or corrosion. Among the bridges identified through the LTBP InfoBridge database and through contacting bridge owners, three bridges were determined to be candidates for a DT. All three bridges are adjacent box girder bridges in fair condition. Design details and inspection reports of these bridges were obtained. One of the three bridges had significant shear cracks and was selected for the DT. This bridge has twelve beams, a single 95 ft span, five locations with diaphragms and transverse post-tensioning. Figure 1 shows the bridge cross-section and the rust stains on the exterior beam near the abutments.
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[bookmark: _Ref241566592][bookmark: _Ref241566650]Figure 1. Bridge selected for DT
Task 2. Create a digital twin workflow [90% completed to date]: The automated workflow described in Figure 2 was developed in Visual Studio to link Microsoft Excel with a commercial structural analysis software SAP2000 (CSI, 2026). For the bridge selected in task 1, the crack widths reported in the inspection reports are being converted into a change in reloading stiffness using machine learning in Task 3. The change in stiffness is saved in a Microsoft Excel file. The Visual Studio workflow reads this file, updates the system-level finite element analysis model, and reruns the analysis to obtain the updated member demand considering load re-distribution ensuring that the analysis reflects the current condition of the bridge. The member-level finite element analysis model currently requires manual input. The integration of the member-level model into the automated workflow is being investigated. The DT workflow was tested on a fictitious two-span continuous beam with different crack width values to ensure successful data transfer between the components of the DT. [image: ]
[bookmark: _Ref241571167]Figure 2. DT workflow
Task 3. Evaluate girder stiffness [50% completed to date]: A machine learning-based tool that can predict applied shear and stiffness that correspond to a given crack width was expanded with additional experimental data to improve the predictions. The applied shear and stiffness datasets were expanded with data from 22 and 25 additional beams, respectively. With the new data, the updated datasets include 566 crack width measurements for applied shear predictions and 420 crack width measurements for stiffness predictions. Gaussian Process Regression algorithms used in the machine learning-based tool were re-trained using the updated database. The results of the updated predictions are given in Figure 3. In this figure, the horizontal axis is the predictions of the machine learning algorithms. The vertical axis is the measurements used to test the algorithms. The markers on the 45 degree line indicate predictions with no error. 
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[bookmark: _Ref241576661]Figure 3. Predictions by the algorithms trained with the expanded databases compared with test data
The addition of this data caused the overall error to change from 7% to 9% for applied shear predictions, and from 16% to 25% for stiffness predictions. The increase in error is explained by the nature of the new data. The beams added to the training database had smaller depths and prestressing amounts compared to the beams in the existing database. Therefore, the increase in the variation of beam characteristics in the database increased the prediction error.

Task 4. Incorporate load redistribution into analyses [60% completed to date]: A system-level finite element analysis model was developed for the DT bridge in its intact stage. The model incorporates beam elements for the girders that have solid cross-sections at the diaphragms and box sections in between diaphragms, and shell elements for the deck. The three-dimensional view of the model, with an example HL 93 design truck position that produces a high shear is shown in Figure 4.
[image: ]
[bookmark: _Ref241580189]Figure 4. System level finite element model and an example truck location
The shear force diagrams for all girders in the intact state under the strength I load combination of AASHTO LRFD Bridge Design Specifications (BDS) 2024 (AASHTO, 2024) are shown in Figure 5. Only self-weight of the structural components and the wearing surface, and HL93 design truck are considered in the analysis. The figure also reports the maximum shear force at the location of the 32 kip axle of the HL93 design truck closest to the support. As expected, the exterior girder near the live load has higher shear forces compared to the interior girders, and the shear force demand has a declining trend with increasing distance from the exterior girder. 
[image: ]
[bookmark: _Ref241581876]Figure 5. Shear diagrams and the shear force under the 32 kip axle closest to the support
Task 5. Evaluate girder capacity [60% completed to date]: A member-level finite element analysis model was created using a finite element analysis software that incorporates the Modified Compression Field Theory called Vector2 (Wong et al., 2013). The model is developed for the intact exterior girder to determine its capacity in its original condition state. In the current model, prestressing is applied to the composite section (girder and deck) making the shear predictions approximate. Table 1 compares the capacity predictions obtained from AASHTO LRFD BDS, the member level finite element analysis model, and the machine learning algorithms for the exterior girder in its intact state. As expected, AASHTO LRFD BDS is conservative and provides the smallest capacity among all methods listed in Table 1. The machine learning and member level finite element analysis models provide similar capacity predictions. It should be noted that the loading considered for capacity predictions is HL93 design truck for AASHTO LRFD BDS predictions to be consistent with design practice. This loading is a point load near the support for machine learning and member-level finite element analysis models to be consistent with the data used to train the machine learning algorithms. 
[bookmark: _Ref241583636]Table 1. Strength predictions of various methods for the exterior girder
	Prediction method
	Shear capacity

	Machine learning
	271 Kips

	Member level finite element analysis model
	308 Kips

	AASHTO LRFD BDS
	225 kips



Task 6. Compare capacity to demand [0% completed to date]: This task has not started as it is dependent on the completion of Task 4 and 5.

4. Percent of research project completed
This project is 70% completed. 

5. Expected progress for next quarter
In the next quarter, all tasks will be completed. The system- and member-level finite element models will be developed for the current deteriorated condition state of the bridge girders. 

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. “Experimental Shear Strength Assessment of Prestressed Concrete Beams with Shear Cracks.” Accepted for presentation at the 2027 TRB Annual Meeting and transferred to Transportation Research Record for further review for publication.

9. Presentations and Posters of TRANS-IPIC funded research:
None.

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. = 6

D. Number of peer-reviewed conference papers published by faculty.
· No. = 5

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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