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









	Research Title: 
	Reduced Cement Content

	NRRA Team(s):
	Rigid

	Type of Effort:
	Research

	Developed By:
	Bernard Izevbekhai (MnDOT) Tumer Akakin (ARM), John Cunningham (ARM) Peter Taylor (ISU) 

	Email:
	Bernard.izevbekhai@state.mn.us

	Phone:   
	6513665454



	Research Funding Estimate:
	$130,000

	Research Years Expected:
	4 years

	Beneficial Partnerships:
	Suppliers of pozzolanic materials:
PLC - Portland limestone cement
Solidia SCM
Ground glass as alternative to Fly Ash 
Natural Pozzolan SCM



	Number of Test Sections:
	Up to six 150 foot long test sections

	Instrumentation Effort:
	Moderate (Maturity, Temperature, Dynamic and environmental strain).

	MnROAD Monitoring:
	IRI, FWD, Surface Degradation, MIRA testing.



Research Objectives:
	Today there is a resurgence of interest in using natural and recycled materials-based pozzolans, to reduce the amount of cement and other supplementary cementitious materials in a concrete mix (such as coal combustion derived flyash). In pozzolanic substitution, replacement of cement translates to a significant reduction of carbon footprint. This substitution must be done without compromising the resiliency and durability of the concrete. 
          Although much research has gone into pozzolanic substitution, there is a paucity in the knowledge base regarding the sustainable limits in the use or inclusion of limestone in the blends. Additionally, there is a missing link between limestone content and actual micro and nano influence because of the intrusion porosimetry of limestone that may have influence on absorption and possible desorption within the matrix. This study will focus on identifying some natural pozzolans, as well as some new recycled materials-based pozzolans, and incorporating them into new pavement test sections. It will also determine the maximum allowable limestone content that can be included in those mixtures, while still providing sufficient durability. Trial mixing will be an integral part of the research process. Suggested alternative pozzolans may include ground glass, recently specified under ASTM C1866-20, finely ground rice husks, as well as other materials of interest.
       Each cell will be subjected to the whole gamut of rheological and mechanical tests as well as durability and petrographic analysis. Calorimetric signatures will be required at the plant or during delivery whichever the chosen PI recommends. At the end of the first-year, representative cores will be taken for petrographic analysis. Joints and surfaces will be observed for early degradation and ride quality. To augment non-destructive testing with MIRA or other devices to evaluate in situ effect of the concrete on pavement performance, periodic readings from vibrating wire sensors and dynamic load tests will form part of the data set for analysis during annual performance reports. 


Pavement Test Cells Needed:
	This research will necessitate constructing up to six 150 foot long test sections as shown here: 
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NRRA Sustainability/Resiliency and or Intelligent Construction:
	Sustainability: If higher percentages of limestone substitution do not compromise durability, the potential cent reduction is sustainable. Moreover, if the natural pozzolans show long term mechanical strength and the advantages of low permeability, the natural pozzolans meet the definition of sustainability.
Resiliency: The advantages of pozzolans lie in the Pozzolanic Reaction
Pozzolanic reaction occurs between calcium hydroxide and silicic acid, or Si(OH)4, in the geochemical notation: Ca(OH)2 + H4SiO4 → CaH2SiO4·2 H2O                                                                                                                      
or in cement chemistry notation: 
CH + SH → C-S-H                                                                                                                                                        
The strength of the concrete as well as low permeability and reduced shrinkage potential are provided by the CSH whereupon, pozzolana, provide these benefits leading to resilience.




Cross-cutting Opportunities:
	There may be opportunities to include features from other Rigid Team initiatives, and/or the selection of various base materials by the NRRA Geotech team.



Implementation Plan:
	Member states will receive from this study an imprimatur or increased confidence in the usage of ternary or quaternary blends. This study will provide the limits for limestone inclusion which will also serve as guidance to the industry and agencies. 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.
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