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	Project Title 
	Life-cycle Fire Performance Assessment and Enhancement of Reinforced Concrete Bridges in Chloride-laden Environments

	University 
	Washington State University

	Principal Investigator 
	Ji Yun Lee, PhD
Xianming Shi, PhD, PE

	PI Contact Information 
	Ji Yun Lee
Assistant Professor, Department of Civil & Environmental Engineering, Washington State University
Phone: (509)335-3018
Email: jiyun.lee@wsu.edu
Website: labs.wsu.edu/jiyunlee

Xianming Shi
Professor, Chair, Department of Civil & Environmental Engineering, Washington State University
Phone: (406)600-0886
Email: xianming.shi@wsu.edu
Website: www.ce.wsu.edu/faculty_staff/Profiles/Shi.htm


	Funding Source(s) and Amount Provided (by each agency or 
organization) 
	TriDurLE: $99,152 
WSDOT in-kind match: $99,152

	Total Project Cost 
	 $198,304 (including cost share)

	Agency ID or Contract 
Number 
	

	Start and End Dates 
	October 1, 2022 to September 30, 2023 (tentative)

	Brief Description of Research Project  
	The overarching goal of this project is to assess and enhance the life-cycle fire performance of RC bridges in chloride-laden environments. Specifically, we will consider climate change impact on chloride-induced deterioration and subsequent effects on the fire performance of two types of reinforced concrete: ordinary Portland cement concrete (OPCC) and fly-ash-based geopolymer concrete (GPC). First, we will evaluate the fire performance of both reinforced OPCC and reinforced GPC through experiments and stochastically model their time-dependent fire performance in chloride-laden environments over their service lives. Then, we will quantify the life-cycle fire performance of these two types of RC bridges (i.e., OPCC and GPC) under deep uncertainties. Finally, we will develop a dynamic rolling-horizon model that can optimize the timings of implementing fire-performance-enhancing strategies. The results from this project will provide useful information on which type of RC bridge has a higher long-term fire resistance and is more robust against uncertain future and how life-cycle fire performance can be enhanced by a dynamically optimized maintenance schedule. 

	Describe Implementation of Research Outcomes (or why not implemented)

 
 
Place Any Photos Here 
	The primary user and target audience of the developed models and research results will be state DOT risk managers and program and project managers who are responsible for managing asset risks. Given that the theoretical models will require extensive experience and expertise in uncertainty analysis and stochastic modeling, we will develop an excel spreadsheet that can simply assess the time-dependent fire performance of chloride-degraded RC bridges over their life cycle, calculate the robustness of each bridge, and provide the optimal maintenance schedule. Users can select bridge material and structure and determine the probability distribution functions and statistical properties of the main input parameters that have been well understood or available in the existing studies. The outputs will be in the form of charts and graphs that can be easily interpreted by users. Additionally, the project team will record a training session video and prepare a documented manual that describes the use of the spreadsheet. All of them will be uploaded to Dr. Lee’s GitHub (https://github.com/jiyunlee-wsu/WSU-JYL-Research-Team-) and her personal website (https://labs.wsu.edu/jiyunlee/) so that they could be freely available to the public. 
The research results and tool will also be introduced as part of a new online course, Decision-Making for Sustainable and Resilient Civil Infrastructure, that has been provided starting Spring 2023. This online course will be provided as a new certification program for practicing engineers who desire to advance their knowledge in infrastructure durability and resilience. By continuously updating course materials based on state-of-the-art knowledge and technology in the field, the spreadsheet, documented manual, and training video will also be updated regularly in the subsequent years. 
To strengthen the practical aspects of this project, the research team will engage a WSDOT bridge engineer as an external advisor. Because WSDOT is using AASHTO ware for asset management, we will work with this WSDOT engineer to explore how this research could be linked with current practice of bridge inspection, maintenance, etc.


	Impacts/Benefits of Implementation (actual, 
not anticipated) 
	Using the research results, DOT officials can determine a more robust construction material for a new bridge that has a higher resistance against both chloride and fires or dynamically optimize the maintenance schedule of existing transportation infrastructure systems.

	Web links
· Reports
· Project website
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