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2021 Initial Idea Development
2021-2022 NRRA Research and MnROAD Construction Development
(Updated Form – March 23, 2021)


Initial Proposal is for NRRA Executive Team to Approve for further development (keep to two pages)









	Research Title: 
	Alternative Cementitious Materials – Geopolymer Concrete

	NRRA Team(s):
	Rigid

	Type of Effort:
	Research

	Developed By:
	Brett Trautman and John Donahue

	Email:
	Brett.Trautman@modot.mo.gov

	Phone:   
	573-751-1036



	Research Funding Estimate:
	$300,000 ($200,000 for analysis of test sections, $100,000 for new/enhanced method to testing geopolymer concrete during paving).

	Research Years Expected:
	5

	Beneficial Partnerships:
	Potential donation of materials by material suppliers.



	Number of Test Sections:
	Four 250 foot long test sections

	Instrumentation Effort:
	High: Joint opening, dynamic strain, VW, TC

	MnROAD Monitoring:
	Routine FWD testing, seasonal IRI, distress surveys, load testing, faultmeter, MIRA, joint opening pins, measure warping and curling, coring



Research Objectives:
	A few years ago, Missouri had research conducted on geopolymer concrete to determine if it could be a possible alternative to traditional concrete made with Portland cement. Geopolymer concrete involves combining an alumina-silica rich material such as fly ash, slag or calcined clay with an alkali activator such as sodium hydroxide (NaOH).  The alkaline liquid polymerizes the alumina-silica rich material creating a new 3-dimensional inorganic polymetric chain.  Laboratory testing indicated geopolymer concrete can achieve comparable strengths and permeabilities as traditional concrete made with Portland cement.  This research proposal would build upon that research by constructing test sections of geopolymer concrete at MnROAD to investigate the factors impacting production and placement of geopolymer concrete and determine field performance of geopolymer concrete when exposed to traffic loading and climatic conditions.  The following topics would be addressed:
· Determine what characteristics need to be considered when selecting materials
· What factors need to be considered when designing geopolymer concrete mixes
· Develop guidelines for successfully producing and placing geopolymer concrete in the field
· Determine what field testing needs to be performed to accept geopolymer concrete in the field
· Monitor structural performance of geopolymer concrete
· Monitor durability performance of geopolymer concrete
The Rigid Team asked the members to select a bold research idea to construct at MnROAD.  This research received four votes out of 25, two state members and two associate members.  The next closest topic received two votes.



Pavement Test Cells Needed:
	Four 250 foot long test sections. Could also incorporate these materials into other initiatives, such as thin concrete overlays. 


NRRA Sustainability/Resiliency and or Intelligent Construction:
	In recent years, there has been a concerted effort to reduce greenhouse gas (CO2) emissions to prevent climate change.  For every metric ton of Portland cement produced, 0.9 metric tons of CO2 is produced.  According to Emission Database for Atmospheric Research, in 2016 2.3 billion tons of CO2 was produced by the cement industry.  This accounted for 7 percent of the CO2 emitted into the atmosphere that year.  Only China and the United States emitted more CO2 than the cement industry in 2016.  With the United States re-entering the Paris Agreement, it will be critical to find alternative cementitious materials to use in lieu of Portland cement in order to reduce greenhouse gas emissions.  One of goals of the Paris Agreement is to have a net zero CO2 emission by 2050.



Cross-cutting Opportunities:
	Since the intent of the scope of this research has strong similarities to a parallel Initial Idea for reduced cement content, which will incorporate limestone and natural pozzolans, the two ideas may be combined into one experiment.  These alternative SCM’s may be able to be utilized to produce geopolymer concrete. There is also potential for the NRRA Geotech team to propose innovative base types.



Implementation Plan:
	As regulatory agencies begin to ask transportation departments to reduce greenhouse gas emissions generated during the construction of needed transportation infrastructure, geopolymer concrete could provide a viable option.  This research would provide transportation departments the information needed to utilize geopolymer concrete. Implementation would involve dissemination of the information in the form of a tech brief and final report posted on the NRRA Team webpage(s), as well as presentations at NRRA and other pavement related conferences. A hands-on training course could be developed if a new field procedure to test polymer concrete during paving is created.
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