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Brief Description of
Research Project

The combined use of very low w/b ratio (~ 0.2) and high dosage of fibers
presents a great challenge for the construction of UHPC overlays in the
field. In this context, the overarching goal of this project is to design
sustainable nHPC mixtures for durable overlay of concrete bridge decks in
cold regions through lowering initial cost of UHPC overlays and improving
the workability and construction tolerance of UHPC for on-site application
while maintaining dense microstructure and superior durability. The “n”
before the HPC denotes for nano-engineering as well as the fact the
durability of these mixtures will be a few times that of conventional UHPC.
To achieve this goal, this study aims to: 1) identify and optimize
eco-efficient mix designs for nHPC overlay, greatly reducing the use of
cement, steel fiber and superplasticizer while tailoring the particle size
gradation; 2) evaluate the engineering performance and durability of
selected nHPC mixtures for cold-climate concrete deck overlay

Describe Implementation of
Research Outcomes (or why
not implemented)

Anticipated: Building on the success of this research, field operational
tests will be conducted as part of a follow-up study. The team will work
closely with local communities/agencies to deploy the nHPC overlay for
rehabilitating an old concrete bridge deck at a selected location.
Prospective users of the research product include highway agencies,
concrete infrastructure related companies, and other stakeholders
interested in extending the service life of concrete structures and
components in cold climates.

Impacts/Benefits of
Implementation (actual,
not anticipated)

To be determined once the project is complete




Web links

e Reports

e Project website

Not available yet
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Table 1. Comparison between OPC, HPC, nHPC and UHPC

OPCC

HPC

nHPC

UHPC

Mixture components

w/b

Service life (year)
Compressive strength (MPa)
Flexural strength (MPa)
Elastic modulus (MPa)

ClI'  diffusion
(m?/s)

Salt scaling (kg/m?)

Cement, water,
sand, aggregate,

Sp

0.35-0.45
15-30

25-60

2-3
25000-35000
= Ll %0

122

Cement, SCM,
water, sand,
aggregate, SP,
AEA

0.3-0.35

20-50

40-100

3-5
30000-45000
<6.0 x 10713

0.05

Cement, SCM,

sand, water,

fiber, SP

0.2-0.25
50-75

70-100

5-10
31500-45000
<1.0 x 10"

0.01

Cement, SCM,
find sand, water,

fiber, SP

0.15-0.25
50-100
120-200

5-15
45000-65000
<0.2 x 1013

0.001

Note: OPCC denotes ordinary Portland cement concrete, SP denotes superplasticizer, and AEA denotes air entrained agent.



	Project Title: Sustainable nHPC Mixtures for Durable Overlay of Concrete Bridge Decks in Cold Regions: Proof of Concept
	University: Washington State University
	Principal Investigator: Xianming Shi (PI) and Jialuo He (Co-PI)
	PI Contact Information: Phone: 406-600-0886 Email: xianming.shi@wsu.edu; jialuo.he@wsu.edu
	Funding Sources and Amount Provided by each agency or organization: TriDurLE and Washington State Department of Transportation, each $90,428
	Total Project Cost: $180,856
	Agency ID or Contract Number: 
	Start and End Dates: 05/01/2021 - 06/30/2023
	Brief Description of Research Project: The combined use of very low w/b ratio (~ 0.2) and high dosage of fibers presents a great challenge for the construction of UHPC overlays in the field. In this context, the overarching goal of this project is to design sustainable nHPC mixtures for durable overlay of concrete bridge decks in cold regions through lowering initial cost of UHPC overlays and improving the workability and construction tolerance of UHPC for on-site application while maintaining dense microstructure and superior durability. The “n” before the HPC denotes for nano-engineering as well as the fact the durability of these mixtures will be a few times that of conventional UHPC. To achieve this goal, this study aims to: 1) identify and optimize eco-efficient mix designs for nHPC overlay, greatly reducing the use of cement, steel fiber and superplasticizer while tailoring the particle size gradation; 2) evaluate the engineering performance and durability of selected nHPC mixtures for cold-climate concrete deck overlay application; 3) enhance the thixotropy to ensure that fresh nHPC mix can hold the specified slope on the bridge deck; 4) conduct multiscale characterization of selected nHPC mixtures, to elucidate the role of individual constituents on the macroscopic behavior and performance.
	fill_13: To be determined once the project is complete
	Web links  Reports  Project website: Not available yet
	Text5: Anticipated: Building on the success of this research, field operational tests will be conducted as part of a follow-up study. The team will work closely with local communities/agencies to deploy the nHPC overlay for rehabilitating an old concrete bridge deck at a selected location. Prospective users of the research product include highway agencies, concrete infrastructure related companies, and other stakeholders interested in extending the service life of concrete structures and components in cold climates.


