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TRANS-IPIC Quarterly Progress Report (Y3-1)
A. PROJECT DESCRIPTION
Highway construction zones often cause traffic congestion, safety risks, and delays, especially when work is rushed or poorly timed. In this section, we highlight the problem statement and the project’s tasks to be completed. 
1. Research Plan - Statement of Problem
Highway construction zones are major disruption points that often cause congestion, safety risks, project delays, and potential durability issues for transportation infrastructures built with precast concrete (PC) components, especially when installation occurs under high-traffic conditions. In Baton Rouge and much of Louisiana, maintaining two open lanes near work zones improves traffic flow but limits workspace and complicates site operations. Night construction is often used to reduce daytime congestion, yet it introduces risks such as poor visibility, worker fatigue, and reduced installation accuracy. Although agencies like the Federal Highway Administration (FHWA) and state Departments of Transportation (DOTs) promote work-zone management strategies, many current practices still rely on static assumptions and lack integration with real-time traffic data and optimized construction planning. 
Research Goal: The goal of this project is to develop a smart planning approach for scheduling precast-related road construction activities (e.g., crane setup, placement, grouting, and anchoring) while minimizing reliance on night work. The objective is to reduce total costs, including agency costs (construction and maintenance) and road user costs (delays, crashes, and vehicle operating costs) by improving traffic flow and maintaining mobility and safety during precast installation.
2. Research Plan - Summary of Project Activities (Tasks)
As outlined in the proposed research plan for Year 3, the research for developing a Traffic Congestion Modeling (TCM) in the PC supply network is in progress. However, to achieve the current objective of Year 3 (2026), following three phases are being conducted:
I. Task 1: TCM (Traffic Congestion Modeling): In this phase, probabilistic models of traffic buildup at typical one-lane or two-lane closure points during construction projects of roads, highways and interstates are being developed using construction activity timelines such as delivery schedules and installation times of precast components, on-site delays, etc. 
II. Task 2: PCS (Phased Construction Scheduling): This phase will develop strategies for coordinating construction activities to ensure that precast elements arrive exactly when needed and can be installed without interruption. It will also account for road layout, traffic volume, and work-zone safety features and needs.     
III. Task 3: WPS (Work-Zone Performance Simulation): In the final phase, common construction scenarios will be simulated to evaluate the effectiveness of the proposed strategies in improving traffic flow and handling of precast components. Tools such as VISSIM will be used for microscopic traffic simulation ideal for modeling lane closures, detours, and queue formations.   
B. PROJECT PROGRESS
In this section, the progress in completing the research tasks is highlighted followed by future work, educational outreach, workforce development, and technology transfer. 
3. Progress for each research task
	The progress of each research task is described below:
I. Task 1 (Traffic Congestion Modeling, TCM): Modern transportation infrastructure projects increasingly use precast concrete (PC) components for bridges, pavements, and structural systems due to their rapid installation, improved quality control, and enhanced durability. However, during the transportation and installation of precast elements, work zones and lane closures reduce highway capacity, making efficient traffic management essential. Table 1 summarizes findings from selected journal studies showing how uncontrolled traffic conditions during road and bridge construction can generate vibrations, disrupt construction operations, and potentially damage concrete or precast components, affecting project efficiency and infrastructure durability.
[bookmark: _Ref224671781]Table 1. Literature review examining the effects of uncontrolled traffic on transportation infrastructure construction projects. 
	Study
	Traffic-Related Issue During Construction
	Effect on Precast Components
	Impact on Project

	Gasser et al., (2025)
	Traffic near bridge construction causes vibrations and displacement between existing and newly installed PC components.
	Vibrations during early-age concrete hardening can weaken the bond between concrete and reinforcement and initiate cracking. Differential displacement (≈1–2 mm) can produce cracks at construction joints (Figure 1) and damage concrete interfaces.

	Potential durability issues requiring traffic control or temporary closures, reduced structural quality, and possible repair or reconstruction delays.


	Gu et al., (2024)
	Ongoing traffic during bridge works induces vibration in curing concrete.
	Traffic vibrations may cause cracking, debonding, and strength reduction in concrete components.
	Lower construction quality and increased maintenance risk.

	Zhasmukhambetova et al., (2025)
	Traffic congestion and restricted site access during highway construction.
	Delays in delivery and handling of construction materials such as precast elements.
	Schedule delays and increased project cost.


Uncontrolled ramp inflow can increase traffic density beyond critical levels, causing congestion that delays precast delivery and installation and reduces construction efficiency.   
(a)
(b)

[bookmark: _Ref224720035]Figure 1. Damaged precast components during installation as a reason of vibration (Villalobos-Vega et al., 2026).
Effective traffic control, particularly through dynamic ramp metering (merging rate of vehicles into highway) and data-driven optimization, can stabilize traffic flow near construction zones (Figure 2) by maintaining safe density levels and preventing excessive ramp queues. This improves the reliability of precast transportation and installation, reduces project delays, and supports durable and efficient construction of transportation infrastructures. Therefore, the proposed Density-based Network Ramp Metering (DNRM) model aims to minimize highway congestion and ramp queues while maintaining smooth ramp metering through a multi-objective optimization framework.
 Objectives

[bookmark: _Ref224655152]Figure 2. Traffic flow conditions and monitoring framework near a highway work zone during precast concrete transportation infrastructure construction.  
Objective 1-Mainline Congestion Penalty: This term penalizes density exceeding the critical threshold. Squaring the excess emphasizes severe congestion and ensures differentiability.  
	 						(1)
Objective 2-Ramp Waiting Time Penalty: This term penalizes queue lengths which are directly proportional to total average waiting time which is the ratio  of average queue length to arrival rate. Summing queue lengths over all time intervals give total vehicle-hours of delay. 
	 									(2)
Objective 3-Control Instability Penalty: This instability penalizes rapid changes in metering rates between consecutive intervals which ensure the consistent merging rate of vehicles into the highway near active construction zones. 			
	 							(3)
	The following proposed constraints in equations (4)-(6) give the vehicle conservation flow, traffic intensity balance and threshold traffic density, respectively. 
	 					(4)
· Represents a vehicle conservation (flow balance) principle on a highway segment: the traffic density in segment 𝑖 changes over time depending on the difference between vehicles entering and leaving that segment.  
	 							(5)
· It states that the queue length at ramp at the next time step increases when the arrival demand exceeds the metered release rate  and decreases when vehicles are allowed to enter the highway faster than they arrive. 
	 									(6)
· Penalizes traffic density exceeding the critical density.   				
Current issue

To capture realistic traffic congestion dynamics in the proposed Density-based Network Ramp Metering (DNRM) model, a real-world traffic dataset was used. The dataset records traffic volume every 15 minutes from 36 sensors located on two major highways in the Northern Virginia–Washington DC region. It includes 47 input features describing traffic behavior and roadway characteristics, such as recent traffic volumes, day of the week, hour of the day, road direction, number of lanes, and road name. These variables capture both temporal and spatial variations in traffic flow, enabling the DNRM model to realistically represent congestion conditions and evaluate ramp metering strategies under traffic patterns typical of highway corridors experiencing construction activities and fluctuating demand (Zhao et al., 2019). A pareto-based multi-objective framework has been developed to solve the proposed preliminary DNRM model (Figure 3).      
[image: ]
[bookmark: _Ref224655306]Figure 3. Pareto-optimal framework for multi-objective optimization model.
The preliminary solutions represent that efficient ramp metering regulates traffic flow near highway work zones (Figure 4a), keeping mainline densities below critical levels and reducing congestion during the transportation and installation of precast concrete components (Figure 4b). Improved traffic management supports faster construction operations and helps maintain the structural durability of precast transportation infrastructure by minimizing delays and logistical disruptions. 
(a)
(b)

[bookmark: _Ref224655652]Figure 4. Optimized ramp metering in highways compared to demand.
		Figure 5 presents a pictogram map of ramp queue lengths over time for five ramps (–) located at different highway segments. Each car icon represents 120 vehicles, illustrating how queues increase during peak demand around the middle of the time horizon and gradually decline afterward as ramp metering releases vehicles to the mainline. Overall, the queues remain moderate and controlled across ramps, indicating that the ramp metering strategy effectively regulates inflow and prevents excessive congestion on the highway network. 
[image: ]Consistent vehicle density in different ramp segments

[bookmark: _Ref224723515]Figure 5. Vehicles density maps over different ramp segments.
Finally, this phase of research develops a Density-Based Network Ramp Metering (DNRM) model using a Pareto-based multi-objective framework to reduce highway congestion and ramp queues near precast concrete construction zones. The results show that optimized ramp metering stabilizes traffic density and improves traffic flow, supporting timely installation and durability of precast transportation infrastructure. Current DNRM model will be extended to coordinate traffic control with precast delivery and installation activities to minimize traffic disruption during infrastructure construction. Real-world construction constraints will also be incorporated such as lane closures, crane operations, and transportation schedules during precast component installation.        
4. Percent of research project completed
As the research project for this year has been divided into three parts, the percentage of the research project completed is approximately (90%×33.33%) + (0%×33.33%) + (0%×33.33%) ~ 30%. The computational part of Stage 1 is in progress, and it will be included in the working paper to be submitted to a refereed journal. 
5. Expected progress for next quarter
Over the next quarter, we plan to integrate real project data into the model and run pilot tests to assess its performance under practical conditions. We will refine the solution approach to manage any new constraints that arise from these tests, aiming to enhance the model’s robustness and efficiency. 
6. Educational outreach and workforce development
Not yet. 
7. Technology Transfer
The research team is in contact with several companies (Precast Concrete Products, Waskey, Gainey’s and Rinker) through LTRC. Efforts have been made to collaborate and collect some real-life data for testing purposes and feedback on the project. Some of this data is expected to be incorporated in subsequent reports. The outcome is yet to be achieved for technology transfer.   
C. RESEARCH CONTRIBUTION
8. Papers that include TRANS-IPIC UTC in the acknowledgments section:
1. Mazumder, A. and Sarker, B.R. (2026a), “Determining Optimal Variable Order Quantities of Raw Materials for Precast Concrete Production Considering Demand Variability and Uncertain Material Prices," Paper-1 (RM Ordering Policy) Submitted to Asia Pacific Journal of Operational Research. 1st submission: September 8, 2025; 1st Revision: February 12, 2026. (APJOR: M250908).
2. Mazumder, A. and Sarker, B. R. (2025b), “Optimal vendor-manufacturer cooperative policy for perishable precast materials under stochastic demand and lead-time uncertainty,” Paper-4 (LS-23-RP-04), Submitted to International Journal of Production Economics (under review), August 19, 2025 (PROECO-D-25-02726)  
3. Mazumder, A. and Sarker, B. R. (2026b), “Optimal Pallet and Components Assignment Configuration to Minimize Curing Cost in Precast Manufacturing,” Paper-2 (Pallet Opt.) submitted to Annals of Operation Research. 1st submission: January 27, 2026 (with editor). (ANOR-D-26-00288) 
4. Mazumder, A., Bappy, M. M. and Sarker, B. R. (2026c), “Monotonicity-Constrained Physics-Informed Neural Networks for Concrete Compressive Strength Prediction,” Paper-5 (PINN) submitted to Innovative Infrastructure Solutions. 1st submission: January 28, 2026 (with editor). (IIS-D-26-00174)
9. Presentations and Posters of TRANS-IPIC funded research:
1. Mazumder, A. and Sarker, B. R. (2024), “Factors of the Precast Concrete Supply Chain: An Interpretive Structural Modeling Approach,” Graduate Research Conference (GRC), presented at the Students’ Union, Louisiana State University, Baton Rouge, LA on April 30, 2024. 
2. Mazumder, A. and Sarker, B. R. (2025a), “Optimizing Raw Material Ordering Policies for Efficient Precast Concrete Production under Fluctuating Demand and Price,” Presentation ID: 6670, IISE Annual Conference & Expo 2025, Renaissance Atlanta Waverly Hotel & Convention Center (Room: Tyndall), Atlanta, Georgia, May 31- June 3, 2025. 
3. Mazumder, A. and Sarker, B. R. (2025b), “Optimal Component Allocation on Pallet to Minimize Curing Costs in Precast Manufacturing,” Presentation ID: 8864, IISE Annual Conference & Expo 2025, Renaissance Atlanta Waverly Hotel & Convention Center (Room: Andover), Atlanta, Georgia, May 31- June 3, 2025.  
4. Mazumder, A. and Sarker, B. R. (2025c), “Optimizing Pallet Utilization to Reduce Curing Costs in Precast Concrete Manufacturing,” Poster ID: 7037, 2025 INFORMS Annual Meeting, Georgia World Congress Center and Omni Atlanta Hotel at Centennial Park, Atlanta, Georgia, October 26- 29, 2025.
5. Mazumder, A. and Sarker, B. R. (2026), “A Cooperative Vendor–Manufacturer Inventory Policy for Perishable Precast Materials under Stochastic Demand and Lead Time Variability,” Presentation ID: 17637, IISE Annual Conference & Expo 2026, Lowes Arlington Hotel, Arlington, Texas, Scheduled on May 16- 19, 2026. 
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. 
Not yet

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. = 4, 1 (Scheduled on May 16-19)
B. Number of peer-reviewed publications submitted based on outcomes of UTC funded projects.
· No. = 4 
C. Number of peer-reviewed journal articles published by faculty.
· No. = 0
D. Number of peer-reviewed conference papers published by faculty.
· No. = 0
E. Number of TRANS-IPIC sponsored thesis or dissertations at the MS and PhD levels.
· No. MS thesis = 1 (October 29, 2025)
· No. PhD dissertations = 1 (on-going)
· No. citations of each of the above = 1 
F. Number of research tools (lab equipment, models, software, test processes, etc.) developed as part of TRANS-IPIC sponsored research.
· Research Tool #1 (Name, description, and link to tool) = (CCM Model, Curing Cost Minimization tool, https://github.com/17anik23/Curing-Cost-Minimization-Model.git)
· Research Tool #2 (Name, description, and link to tool) = (PINN Model, Physics Informed Neural Network for Concrete Compressive Strength prediction, https://github.com/17anik23/PINN_Concrete-Strength.git)
· Research Tool #3 (Name, description, and link to tool) = 0
G. Number of transportation-related professional and service organization committees that TRANS-IPIC faculty researchers participate in or lead.
· Professional societies
· No. participated in = 4 (DSI, IISE, INFORMS, POMS)
· No. lead = 0
· Advisory committees (No. participated in and No. led)
· No. participated in = 1 (IISE Fellow)
· No. lead = 0
· Conference Organizing Committees (No. participated in and No. led)
· No. participated in = 0
· No. lead = 0
· Editorial board of journals (No. participated in and No. led)
· No. participated in = 2
· No. lead = 0
· TRB committees (No. participated in and No. led)
· No. participated in = 0
· No. lead = 0
H. Number of relevant awards received during the grant year.
· No. awards received = 0
I. Number of transportation related classes developed or modified as a result of TRANS-IPIC funding.
· No. Undergraduate = 0
· No. Graduate = 0
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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