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 FREE to the host 
 Host provides:  Room, projector, attendees
 Under a cooperative agreement, FHWA/ACI provide 

instructors, all training materials
 1-2 month lead time
 States may request multiple presentations
 Agreement expires September 18, 2020
 Contact:  Tom Yu
 tom.yu@dot.gov
 (202) 366-1198

FHWA/ACI Workshops
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Chemical Admixtures for Concrete
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Cementitious Materials for Concrete
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Performance Mixtures for Sustainable Concrete
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Self-Consolidating Concrete
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Implementing PEM

Prescriptive

• Agency dictates how the 
material or product is 
formulated and constructed

• Based on past experience
• Minimal/uncertain ability to 

innovate
• Requires agency to have 

proper manpower and skill 
set to provide oversight

Performance

• Agency identifies 
desired characteristics 
of the material or 
product  

• Contractor controls how 
to provide those 
characteristics

• Maximum ability to 
innovate

• Reduced oversight 
burden on the agency
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FAST Act Section 503 (c)(3)
(B) Goals.- The goals of accelerated implementation and deployment of pavement 
technologies program shall include-
 (i) the deployment of new, cost-effective designs, materials, recycled 

materials, and practices to extend the pavement life and performance and to 
improve user satisfaction;

 (ii) the reduction of initial costs and lifecycle costs of pavements, including the 
costs of new construction, replacement, maintenance, and rehabilitation;

 (iii) the deployment of accelerated construction techniques to increase safety 
and reduce construction time and traffic disruption and congestion;

 (iv) the deployment of engineering design criteria and specifications for new 
and efficient practices, products, and materials for use in highway pavements;

 (v) the deployment of new nondestructive and real-time pavement 
evaluation technologies and construction techniques; and

 (vi) the effective technology transfer and information dissemination to accelerate 
implementation of new technologies and to improve life, performance, cost 
effectiveness, safety, and user satisfaction.

Accelerate Implementation and Deployment 
of Pavement Technologies
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FHWA Cooperative Agreement 
with Iowa State University

Advancing Concrete Pavement Technology 
Solutions

The purpose of the Agreement is to…

 Deploy innovative technologies to improve pavement 
performance

 Develop and transfer new technologies
 Deliver tools and guidance documents to States to 

support the increased knowledge of concrete materials, 
concrete pavement design, construction, and 
maintenance
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FHWA Cooperative Agreement 
with Iowa State University

Funding
Federal Share – $6,994,330

Non-Federal Share – $2,331,445
Total Agreement – $9,325,775

Federal Funds Obligated – $1,398,866

Period of Performance
60 Months
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FHWA Cooperative Agreement 
with Iowa State University

Six Work Areas

1. Extending pavement life and performance
2. Reduction of initial costs and lifecycle costs of 

pavements
3. Deployment of accelerated construction techniques
4. Deployment of design criteria and specifications for 

new practices/products/techniques
5. Deployment of non-destructive testing and real-time 

pavement evaluation techniques
6. Technology transfer and information dissemination
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FHWA Cooperative Agreement 
with Iowa State University

Work Order Procurement Requests (WOPRs)
WOPR No. 01 – Recycling and Reuse of Waste 
Products

(Work Area 1 – Awarded)

 Technical Guidance on Use of Reclaimed Fly Ash and  
Natural Pozzolans

 Use of Construction Byproducts
 Use of Recycled Concrete Aggregate in Concrete Mixtures
 Industrial Waste Byproducts
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FHWA Cooperative Agreement 
with Iowa State University

Work Order Procurement Requests (WOPRs)
WOPR No. 02 – Performance Engineered Pavements

(Work Area 4 – Pending ISU response)

 Performance Engineered Mixtures (PEMs)/AASHTO PP84
 Guidance on PEM and QC

 Precision and Bias Statements
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FHWA Cooperative Agreement 
with Iowa State University

Work Order Procurement Requests (WOPRs)
WOPR No. 03 – Reduction of Costs

(Work Area 2 – Pending FHWA submittal)

 Preservation Strategies and Technologies

 Rehabilitation with Concrete Overlays

 Continuously Reinforced Concrete Pavements and Overlays
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What More Is Needed?

 Construction?
 Safety?
 Non-destructive technologies?
 Design criteria?
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TRB AFN 30- Durability of Concrete
Chair- Gina Ahlstrom

What would you like to see brought forward through TRB 
as a research need?

Research Needs
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Statistical Analysis of Materials (SAM)
and Percent Within Limits (PWL)



Concrete Acceptance for Durability

 How do we accept concrete? 
 Slump
 Temperature
 Air
 Strength
 Thickness
 Ride

 How do we adjust price?
 Strength

Image: Pixabay
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Concrete Acceptance for Durability

We are getting what we 
are willing to accept. 

• We’re getting strong 
concrete.

• We’re not getting durable 
concrete.
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Concrete Acceptance for Durability

Quality Control
Selective in material sources
Superior workmanship 

LOW BID

Additional Cost
$$$$$$$$$$$$$
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Concrete Acceptance for Durability

We are always going to get 
what we are willing to accept. 
• Ask for durability
• Incorporating Durability Quality 

Characteristics for Acceptance
• Adjusting Payment Based on 

Durability Quality Measures
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Percent Within Limits

 Efficiently captures mean and standard 
deviation in one quality measure

X 3s2s1s-3s -2s -1s

X - mean
s - standard deviation
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Recommended Quality Measure

 Percent within Limits (PWL)

X
3s2s1s-3s -2s -1s

specification 
limit

PWL

PD PD

specification 
limit
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Current Portland Concrete Cement
PWL Acceptance States
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Establishing PWL Spec Limits
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Establishing PWL Spec Limits
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Establishing PWL Spec Limits
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SAM Data Analyzed
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PWL Benefits

 Quantifies how much of the material received 
was within contract 

 Average and Spread of test data in a single 
quality measure

 More Accurately Characterizes the Quality of 
each Lot or Population of Data

 Methodology to Adjust Price Based on Quality 
Received
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Payment Plan with 5% Incentive

Estimated PWL

AQLPF=0.5PWL + 55Pa
y 

Fa
ct

or
 (%

)

RQL
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Hypothetical 
payment scenarios

 PWL Spec with 
upper specification 
limit from pilot 
population

PWL Hypothetical Pay
34



SAM Data Analyzed
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Implementing PWL

 Contractor is successful if they can control 
variability and target within limits

Quality Characteristics
 Population of Test Data
 PWL Training
 Specification Development
 Individual PWL Training/Meeting
 Calibration



Consider PWL and Concrete 
Acceptance for Durability

Durability Quality Characteristics
• Optimized Gradation Acceptance Test
• Dowel Placement and Alignment MIT Scan-2
• Super Air Meter Acceptance Test
• Water/Cement Ratio Acceptance Test
• Surface Resistivity Acceptance Test
• Thickness MIT Scan T3
• Ride Quality
• Strength
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FHWA Performance Related       
Specifications (PRS) for Concrete Pavements

U.S. Department of Transportation
Federal Highway Administration

Office of Infrastructure Research, Development, 
and Technology

Turner-Fairbank Highway Research Center
6300 Georgetown Pike

McLean, VA 22101-2296

Matthew Corrigan, P.E.
Construction Research Engineer

Turner-Fairbank Highway Research Center
Infrastructure Analysis and Construction Team

matthew.corrigan@dot.gov
(202) 493-3365

https://highways.dot.gov/research/ 38
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FHWA’s Construction           
Specifications Whiteboard Video (8:03)

https://youtu.be/-FfOUfIbfF4

https://youtu.be/-FfOUfIbfF4


“QA specifications that describe the desired 
levels of key materials and construction 
quality characteristics that have been found 
to correlate with fundamental engineering 
properties that predict performance”

Transportation Research Circular Number E-
C137 
Glossary of Highway Quality Assurance 
Terms

Source: Transportation Research Circular E-C137, 
Glossary of Highway Quality Assurance Terms

PRS Definition

https://highways.dot.gov/research/ 40



Performance Related Specifications (PRS)                   
compare design expectations to what was constructed and pay 
for the product accordingly.
Performance Engineered Mixture Design (PEMD) and 
acceptance is a process that that optimizes pavement 
performance goals and environmental conditions while allowing 
for contractor innovation and properly assigned risk and reward.
Performance Engineered Pavements (PEP) initiative unifies 
several existing performance focused programs under a single 
strategic program vision.  The vision seeks to incorporate the 
goal of long term performance into the design, construction and 
materials acceptance of our nations pavement infrastructure.

https://highways.dot.gov/research/ 41



Performance 
Based 

Acceptance

Performance 
Engineered 

Mixture Design 
(PEMD)

Quality 
Assurance (QA)

Structural 
Pavement 

Design

ConstructionDesign &

PEMD PRS
https://highways.dot.gov/research/ 42

Concrete
Performance Engineered    

Pavements (PEP)



Concrete Pavement PRS 
Workshops & PRS Shadow Projects

• FHWA provided support, training, & resources 
for PRS shadow projects (aka “PRS-Shadow”)

• Performance tests, specifications, tools, etc.
• Concrete Pavement PRS Workshops

• June 2019
• DOT participants: ID, IN, MI, PA, UT

• Next Workshop – date tbd

https://highways.dot.gov/research/ 43

Seeking Additional DOT Shadow Project Participants!
Contact Matthew Corrigan at matthew.corrigan@dot.gov



PRS Software

™

™ ™

™

https://highways.dot.gov/research/ 44



Recently completed 
research is available at:
• https://highways.dot.gov/

research-resources

Thank You!!

45https://highways.dot.gov/research/
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TFHRC CONCRETE RESEARCH UPDATE

Luca Montanari
Infrastructure Materials Team

TFHRC

National Concrete Consortium 
Fall 2019
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Formation Factor, Calcium Oxychloride, 
and Alkali-Silica Reaction (ASR)



 Formation Factor (FF)
 FF measured on typical concrete pavement mixtures (AASHTO 

PP84)

 Calcium Oxychloride
 Validation and Optimization of AASHTO T365

 ASR: Lab Tests vs. Exposure Blocks Performance
 Validation and benchmarking of: ASTM C1293, MCPT, CCT

Index
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FF and Bucket Test: Current Status
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FF measurements and classification based on 
AASHTO-PP84 guidelines
Paper submitted to TRB

 Different approaches studied to promote test reliability:
 Soaking time in bucket solution of 7d
 Soaking time in bucket solution of 56d
Using estimated pore solution as the bucket solution (56d Custom)

FF and Bucket Test: Current Status
47



FF and Bucket Test: Current Status
48

M = FF calculated with 
expressed and measured 
pore solution resistivity

BT = FF calculated 
assuming pore solution 
resistivity = resistivity of 
bucket solution



 Extending conditioning time (from 7d to 56d)

Not successful in improving test reliability

 Increasing the # of bucket solutions to choose from (to 2 / 3) 

Can highly improve the test reliability

FF Factor and Bucket Test: Equilibrium
49

Monte Carlo Distribution
# Bucket Solutions 1 2 3

Resistivity of bucket 
solution [Ohm-m] 0.13 0.13 0.24 0.10 0.19 0.30

Data > 30% Diff 45% 14% 5%

Impact on Test Reliability



Verification:
 Studying the test over a range of different mixtures for:
 Paste 
 Mortar
 Concrete

Optimization (Reduction of test time and gas 
consumption):
 Increasing the minimum temperature,
 Increasing the heating rate (with machine re-calibration)
 Extending the test to high T DSC

CAOXY AASHTO T365 Optimization
50



 Benchmarking MCPT (AASHTO T380) and 
CCT to field exposure:

Paper submitted to TRB

ASR
51
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CCT 47
MCPT 76



 Bucket Test and FF:
 Bucket test showed reliable classification of mixtures (TRB Paper).
 Reliability of test can be improved by adding more options for bucket 

solutions (1 or 2)

 Calcium Oxychloride:
 AASHTO T365 currently being validated and optimized over paste, 

mortar and concrete specimens

 ASR
 MCPT showed 76% of cases in agreement with exposure blocks, 

better than CCT and ASTM C1293 (both showing under 50% cases in 
agreement with exposure blocks)

Summary
52
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Questions
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