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TRANS-IPIC Quarterly Progress Report:

Project Description:

1. Research Plan - Statement of Problem

The Urban Heat Island (UHI) effect refers to higher temperatures in urban areas compared to the surrounding countryside due to human development. Increased thermal energy storage in paving materials contributes to the UHI effect, leading to elevated surface temperatures. Precast concrete pavement with improved mix designs is recognized globally as an emerging technology for mitigating climate change and addressing UHI. These precast elements can be incorporated into innovative pavement systems to enhance mitigation practices, employ efficient construction methods, and promote sustainable pavement restoration. The study investigates the use of precast concrete pavement to create cooler rigid pavement using various cooling mechanisms. These mechanisms involve modifying the thermal properties of pavement materials and reducing heat energy absorption or emission by pavements, while prioritizing environmental sustainability.

2. Research Plan - Summary of Project Activities (Tasks)

Task 1: Literature Review
Review existing literature on UHI mitigation, thermally conductive pavements, and precast concrete technologies to identify gaps.

Task 2: Experimental Design & Material Selection
Define parameters for thermal conductivity evaluation and select optimal mix designs for testing. Acquire samples of phase changing materials (PCM) and efforts is undergoing to fabricate concrete samples. 

Task 3: Laboratory Testing
Measure thermal conductivity, analyze results, and consider additional factors for various precast concrete pavement samples.

Task 4: Pavement System Design 
Develop design guidelines and compile a comprehensive report.

Task 5: Field Implementation & Monitoring
Identify sites, plan installation, collect UHI data, and prepare for implementation.

Task 6: Reporting
Compile findings into comprehensive and summary reports and present them at conferences while publishing in journals.





Project Progress:

3. Progress for each research task

· Task 1: Literature Review [100% Completed]
· Task 2: Experimental Design & Material Selection [100% Completed]
· Task 3: Laboratory Testing [100% Completed]
· Task 4: Pavement System Design [100% Completed]
· Task 5: Field Implementation & Monitoring [ 100% Completed]
· Task 6: Reporting [90% Completed]

4. Percent of research projects completed by the end of this quarter. 

· Task 1: 100% completed
· Task 2: 100% completed
· Task 3: 100% completed
· Task 4: 100% completed
· Task 5: 100% completed
· Task 6: 100% completed

The average completion percentage would be:
(100% + 100% + 100% + 100% + 100% + 100%) / 6 tasks = % 600/ 6 tasks ≈ 100%


Description:

· Task 1: Literature Review [100% Completed]
The literature review focuses on three main areas: Urban Heat Island (UHI) effects and mitigation strategies, cool pavement techniques, and the integration of phase change materials (PCMs) in pavement systems. The UHI section examines the contributing factors, environmental impacts, and current mitigation methods. In exploring cool pavements, both asphalt and rigid, particularly precast rigid pavements, are analyzed for their effectiveness in reducing surface temperatures. The review also delves into the properties, benefits, and challenges of incorporating PCMs into pavement designs, highlighting their potential to enhance thermal performance. The literature synthesis provides a comprehensive foundation for developing innovative, thermally efficient pavement solutions.
· Task 2: Experimental Design & Material Selection [100% Completed]

The experimental design focuses on selecting the appropriate phase change material (PCM) based on its melting point and heat of fusion, as provided by Microtek Laboratories. The chosen PCM, in powder form, ensures easy integration with the precast concrete mix. Adhering to local standards in San Antonio, Texas, the concrete design mix was formulated considering aggregate gradation and water-cement ratios. The mixing process and the dimensions of concrete samples with varying PCM dosages were established. Additionally, a heat simulation chamber was designed to observe the PCM's behavior in pavement samples. The necessary equipment, including a data acquisition system and light bulbs for heating, was acquired to facilitate the experiments.

· Samples Preparation & Mixing:
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· CONCRETE – PCM Samples:
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[bookmark: _Toc175322790]Concrete - PCM samples with 0%, 5% and 10% by addition and by Sand-Replacement.


· Heat Source- Bulbs:
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· Reflective Thermal – Insulated Box Preparation:
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· Task 3: Laboratory Testing [100% Completed]
The experimental work is divided into indoor and outdoor environments. Indoor experiments include both material-based and pavement-based tests. Key thermal and material properties were measured using advanced devices. Differential Scanning Calorimetry (DSC) was employed to analyze the heat flow associated with PCM transitions, while Laser Flash Analysis measured thermal diffusivity and conductivity. Additionally, a pycnometer was used to determine the density and porosity of the samples. These tests provided critical data on the effectiveness of PCM integration in reducing surface temperatures and enhancing thermal performance of pavement materials. The pavement-based indoor experiments assess how PCM affects surface temperature under controlled conditions. The outdoor experiments are entirely pavement-based, where all samples are exposed to natural sunlight and environmental conditions during the peak heat of the day, from 1 pm to 9 pm, for a total of 8 hours. These outdoor tests are crucial for understanding the real-world performance of PCM-enhanced concrete in mitigating temperature variations in pavements.
Indoor Experiments:
· Heat experiments:
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· Measuring the Specific heat Capacity, the Diffusivity, and the densities:
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· Task 4: Pavement System Design [100 % Completed]

Focusing on developing a concrete pavement capable of regulating temperature through the integration of phase change materials (PCM). This process began with assessing the thermal properties of the chosen PCM, including melting point and heat of fusion, to ensure compatibility with pavement applications. Multiple PCM dosages were then tested within the concrete mix, and their effects on key thermal properties—such as thermal conductivity, diffusivity, and specific heat capacity. The collected data guided the refinement of PCM dosage levels, balancing thermal performance with the structural integrity required for a durable, high-performing pavement system. The design is now optimized to deliver both effective temperature control and long-term resilience in urban heat island mitigation.

· Task 5: Field Implementation & Monitoring [ 100% Completed]

The field implementation and monitoring phase has been successfully completed, focusing on the real-world performance of PCM-enhanced concrete in mitigating temperature fluctuations in pavement applications. These outdoor experiments were designed to simulate natural environmental conditions, with the concrete slabs exposed to peak sunlight from 1 pm to 9 pm, for a total of 8 hours. The samples, placed in direct sunlight, were equipped with temperature sensors to track the behavior of PCM in response to heat during the day. The data collected allowed us to evaluate how effectively the PCM reduced surface temperatures.
In addition to daytime heating, the nighttime cooling phase was also crucial. As temperatures dropped, the experiment assessed how the stored heat in the PCM was released, providing insights into its ability to slow the cooling rate. This overnight cooling period helped in understanding how PCM can reduce temperature-related stresses in the pavement, enhancing its overall durability and resilience under real-world conditions. The monitoring phase has successfully validated the effectiveness of PCM in improving pavement thermal performance.
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[bookmark: _Toc175322795]Outdoor experiments, (a) During day, (b) During night.
5. Expected progress for next quarter.

The upcoming quarter will focus on exploring various methods for integrating PCM into the precast concrete mix. This will involve experimenting with different techniques to enhance the uniformity and effectiveness of PCM distribution within the concrete. Additionally, a comprehensive mechanical study will be conducted to evaluate the performance and behavior of the concrete samples after PCM integration. The insights gained from these experiments will be crucial for optimizing the PCM-enhanced pavement design for real-world applications.

6. Educational outreach and workforce development

· A brief summary of the project has been shared with the undergraduate students in the CE 3243 class “properties and behavior of construction materials). More outreach activities will be presented as we continue to make progress in the project.

· On Feb 2024, a summary of the project was presented to the Highway Engineering Class CE 3223. 

· Demo and tour to UTSA prospective students, emphasizing modern urban challenges, July 2024.
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7. Technology Transfer

-None

Research Contribution:

8. Number of papers 
· Prepared manuscript for submission to Journal of Construction and Building Materials, Sept 2024. 
· Accepted manuscript for presentation at the TRB annual meeting, Jan 2025. 



9. Number presentations (when, where)

· Presented in the Highways USA conference, October 2023. 

· Presented in the TRANS-IPIC Monthly Research Webinar, March 2024.

· Radwan, I. and Dessouky, S. “Cool Pavements for Mitigating Urban Heat Island Effect using PCM in Precast Concrete” Transportation Infrastructure Precast Innovation Center (TRANS- IPIC) Monthly Research Webinar. March 4th. 2024.

[image: A blue and white rectangular object with a person in a blue shirt

Description automatically generated with medium confidence]

· Presented in the TRANS-IPIC Workshop and engaged with industry experts, April 2024

· Radwan, I. and Dessouky, S. “Cool Pavements for Mitigating Urban Heat Island Effect using PCM in Precast Concrete” Transportation Infrastructure Precast Innovation Center (TRANS- IPIC) Workshop, Presentation. April 22nd. 2024.
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· Presented in the USDOT Future of Transportation Summit, August 2024.
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1. Differential scanning calorimeter (DSC)
2. Laser Flash Analysis (LFA) for Thermal Diffusivity
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