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Performance Engineered 
Mixtures
� Initiative promoting 

engineering concrete mix 
designs to perform in 
their service 
environment.  PEM also 
promotes a number of 
new test technologies 
along with enhanced QC 
practices.

PEM vs. PRS
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Performance Related 
Specifications
� “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.”

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



� Timeframe for widespread use of SCMs

� 28-day strength testing

� Slump test

We Are Horrible With Change
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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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� Colorado
¡ Surface Resistivity
¡ Box test
¡ V-Kelly
¡ Removed Min/Max cement content
¡ Allow up to 50% fly ash

� New York
¡ SAM for acceptance

� Wisconsin
¡ SAM for mix design approval

� Many others evaluating

PEM-related Specification Changes
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PEM Pooled Fund Participants

18 States + FHWA & Industry
(August 2019)



PEM Pooled Fund Emphasis

� Implementation
� Education and Training
� Adjustments in specifications based on 

field performance 
� Continued development of a knowledge 

base relating early age properties to 
performances



PEM Pooled Fund Partners

� FHWA 
� State Departments of Transportation 

(DOTs)
� Industry  (American Concrete Pavement 

Association, Portland Cement Association, 
National Ready Mixed Concrete 
Association, others)
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• Available to pooled fund participating states
• $40,000 for two or more new tests in the mix 

design/approval process (shadow testing acceptable)
• $20,000 for one or more new tests in the acceptance 

process (shadow testing acceptable)
• $20,000 for requiring an “enhanced” QC Plan from 

the contractor
• $20,000 for requiring the use of control charts
• Report required within 4 months of construction

PP 84 Implementation Incentive Funds



Iowa Early Success Story
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� FHWA PEM Implementation Incentive Funds
� “New” QC Plan?
� Box test experience
� Contractor moving forward
� Similar experience in Wisconsin
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Box Test

� Developed by Dr. Tyler Ley, Oklahoma State 
University

� Mixture response to vibration
¡ Consolidation check 
¡ Edge slump check

� Easy visual check
� Mix design tool

¡ Evaluate the gradation
¡ Cementitious content



Box Test

� A workability test
� Simple, quick, easy (lends itself to QC)
� Included in AASHTO PP 84 (PEM)
� Structural concrete equivalent in development
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Consolidation 
Issues

Edge Slump 
Issues



Box Test

Finishability Issues

Project A Project B

Edge slump Issues



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

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

WOPR No. 02 – Performance Engineered 
Pavements

� Performance Engineered Mixtures 
(PEMs)/AASHTO PP84
¡ Model QC Plan template for highway projects (with 

guidance)
¡ QC control chart tools
¡ Model performance specification

� Precision and Bias Statements
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Suggestions for Cooperative Agreement
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� Concerns with device durability
� Concerns with data variability

¡ Multiple causes
¡ New algorithm

� Concerns with time to perform
� Questions about appropriate use

¡ QC?
¡ Mix design approval?
¡ Acceptance?

Implementing the Super Air Meter (SAM)
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SAM Data Analyzed
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Map source: https://www.openstreetmap.org/copyright

https://www.openstreetmap.org/copyright


Current Portland Cement Concrete
PWL Acceptance States
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Map source: https://www.openstreetmap.org/copyright
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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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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
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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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Performance Mixtures for Sustainable Concrete
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Chemical Admixtures for Concrete
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Cementitious Materials for Concrete
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Self-Consolidating Concrete
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Questions?

�Contact info
Michael.Praul@dot.gov
207-512-4917
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