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	Project Title 
	Development of a Multi-Scale Self-Healing High-Volume Fly Ash UHPC

	University 
	Washington State University

	Principal Investigator 
	Xianming Shi

	PI Contact Information 
	Phone: 509-335-7088
Email: xianming.shi@wsu.edu;

	Funding Source(s) and Amount Provided (by each agency or 
organization) 
	UTC funding and Matching Funds from Washington State University

	Total Project Cost 
	$108,000

	Agency ID or Contract 
Number 
	

	Start and End Dates 
	05/01/2020 – 03/31/2024

	Brief Description of Research Project  
	Despite its higher initial cost than conventional concrete, ultra-high performance concrete (UHPC) is gaining popularity in applications such as prefabricated connections, bridge decks, beams, girders, pile foundations, thin-wall shell structures, encasement of corroded steel girders, and encasement of substandard or corroded columns. The durability of UHPC is challenged once cracks are generated in the UHPC structural members. The high materials cost of UHPC also limits its wide application in pavement and other civil infrastructures. In this context, the overarching goal of this project is to design a cost-effective UHPC featuring the use of high volume fly ash (HVFA) binder and ability to heal the cracks when and where needed. The multiscale self-healing ability of the HVFA UHPC will be achieved through the combined use of microcapsules and light-weight aggregate (LWA), so as to maintain the superior durability of the UHPC. To this end, this exploratory laboratory investigation aims to:
1) design healing agents and multi-dimensional microcapsules and LWAs to heal cracks with different widths
2) identify cost-effective mix designs for UHPC with the use of HVFA binder
3) evaluate the self-healing effectiveness of dog-bone shape HVFA UHPC specimens, using the direct tensile test and digital image correlation technique. 
The specific design of this novel UHPC is as follows. Different sizes of polymeric microcapsules (with inorganic healant) are obtained through a water-in-oil suspension polymerization technique and LWAs are encapsulated with a modified polymer coating. The healing agents incorporating a novel nano-material, graphene oxide (GO), are synthesized to improve the healing efficiency of cracked UHPC. More crystals are expected to form inside the cracks and provide comparable strength as the intact part, so that the tensile properties of cracked UHPC can be greatly recovered after self-healing.

	Describe Implementation of Research Outcomes (or why not implemented)

 
 
Place Any Photos Here 
	Building on the success of this research, the team will work closely with local communities/agencies to apply the cost-effective and self-healing UHPC to replace the old concrete infrastructure at a selected location on Washington State University (WSU) campus or around the local area. Prospective users of the research product include highway agencies, local mix concrete suppliers (e.g., Pre-Mix Inc.), and other stakeholders related to strengthening and maintenance of concrete infrastructure.

	Impacts/Benefits of Implementation (actual, 
not anticipated) 
	Increasing use of coal fly ashes in UHPC will divert them from waste stream and landfill as well as reduce greenhouse gas emissions and environmental contamination. High-volume substitution of cement by coal fly ash and finer masonry sand by river sand can substantially reduce the unit cost of UHPC and promote its wide application to civil infrastructures like bridge deck and columns, pavement overlay, and turnel lining. The self-healing technique can mitigate the development of cracks, enhance the long-term durability of UHPC, and especially extend its potential applications in harsh environments (e.g., underground with high pressure, offshores or coast lines with high chloride contents, arctic areas with extreme low temperature, and desert areas with large temperature difference bewteen day and night). Finally, reducing the adverse effects induced by cracks will prolong the service life of UHPC structure and reduce the costs for maintenance and repair in the long run.

	Web links
· Reports
· Project website
	https://tridurle.wsu.edu/development-of-multi-scale-self-healing-high-volume-fly-ash-uhpc/
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(a). Morphology of the microcapsules synthesized with the agitation rate of 350 rpm; (b) size
distribution of the microcapsules synthesized under varying agitation rates.




