Exhibit D

Research Project Requirement Template

Research project name: Advancing Durability in Transportation Infrastructure through Practical Implementation of Thermal Prestressing

Recipient/Grant (Contract) Number: University of Illinois at Urbana-Champaign / Grant Number 69A3552348333 

Center Name: Transportation Infrastructure Precast Innovation Center (TRANS-IPIC)

Research Priority: Improving the Durability and Extending the Life of Transportation Infrastructure

Principal Investigator: Bassem Andrawes

Project Partners: N/A

Research Project Funding: $90,888 ($60,000 Federal and $30,888 Illinois Department of Transportation-IDOT)

Project Start and End Date: 01/01/2025 – 12/31/2025

Project Description:
TRANS-IPIC researchers will collaborate with industry experts to investigate the implementation of a new technology for prestressing concrete elements used in transportation infrastructure through the heating of shape memory alloy (SMA) bars. We will explore the idea of prestressing transportation precast components such as columns, beams, railroad ties, bridge decks, pavement, etc. to eliminate cracking and improve their durability and resilience. This concept has been tested on a small laboratory scale. It is yet to be tested and implemented practically on a large scale. We will investigate the application of electrical resistivity to induce internal self-stressing in critical infrastructure components. We will also explore the possibility of inductively heating prestressing SMA bars with no physical contact. To do so, we will undertake the design, testing, and evaluation of an inductive heating system that can selectively heat the metal in a reinforced concrete structure without excessively heating the concrete (keeping in mind maintaining the hydration level in the concrete). To enable quick and effective activation, we envision the potential design, which involves using portable induction machines capable of moving exteriorly along the beam to induce heat in the SMA. 

US DOT Priorities:
This research supports the US DOT priority to improve the durability and extend the life of transportation infrastructure. 

Outputs:
This project will focus on collaborating with industry partners and consultants from the transportation sector to design and cast several precast concrete components with SMA bars, wires, and spirals located internally and externally (for strengthening/repair). The fabricated components include bridge columns, beams, deck, pavement, railroad ties, etc. In addition, SMA in the form of an Adaptive Prestressing System (APS) will be fabricated and placed in the concrete at critical locations. The APS will connect the SMA with other types of materials such as steel and fiber reinforced polymers (FRP).

The heating of SMA internally and externally using an electric power supply will be explored practically on a large scale. Practical issues related to the electrical connections and the detailing of the SMA to avoid the development of short circuits will be studied. Furthermore, the technology of induction heating will be studied in this task to activate the SMA prestressing reinforcement. This technology is a contactless technique that could offer a cost-effective and rapid means for activating the SMA. The induction system purchased by the PI using his ICR will be used in this task as an in-kind cost share for this project.

The researchers will perform both flexural and shear tests on each of the constructed components. The tests will be carried out at the Newmark Structural Engineering Laboratory. The goal of these tests is to determine the cracking strength of the components and the ability of SMA prestressing to delay the crack formation, which will help improve the durability of the designed components.

The thermal prestressing concept will be investigated as a means for performing self-healing on already cracked concrete elements. The amount of power and duration of heating needed to close the cracks will be explored as well as the post-healing strength under realistic loading environments.

Outcomes/Impacts:
Conclusions will be made regarding the practicality of thermal prestressing and its effectiveness in eliminating or delaying cracks in transportation infrastructure as well as reducing post-damage repair time. The conclusions and recommendations will be shared in the final project report.

Final Research Report: URL link to the project's final report will be provided upon the completion of the project.

