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Presentation Overview 

• Risk and Opportunity Associated with a Percent Within Limits (PWL) Specification

• Evolution of Specifications

• Overview of Percent Within Limits (PWL)

• Opportunities/Risks of a PWL Specification to a Contractor

• Critical Components of a PWL Based Specification

• Understanding Agency/Contractor Return on Investment
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Evolution of Specifications
AASHO Road Test (Late 1950’s)

• Basis of AASHTO Pavement Design Guide

• Collected “Real Time” Test Data and Quantified
• Variability of Material Properties    

• Variability of Construction Practices   

• AASHO Road Test Lessons Learned:
• Specification Tolerances Must Recognize Total Variability of  

Materials Properties and Construction Practices

• Specification Limits Must Apply Reasonable Risk to Both 
the Seller and Buyer
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What is PWL? 
Statistics – Ugh…

4
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Percent Within Limits Specification
What is It?

• Statistically Based Acceptance and Payment

• Assumes Material Production Test Data Follows a Normal Distribution (i.e. Bell Curve)

• Considers the Following For Acceptance:

• Population Average and Standard Deviation (i.e. multiple samples)

• Design Target and Specification Limits

• Rewards Being on Target and Being Consistent

• Acknowledges Level of Quality Different when Process is Off Target or Too Variable

• Acceptance and Payment Adjusted Based on Proximity to Design Target and Variability
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Percent Within Limits (PWL) Specification
What is It?

PWL = Area of Distribution 
within Spec Limits

PD = Percent Defective

PWL = 100 - (PDU + PDL)

PWL Then Converted to $ 
with Pay Adjustment Table PDU

PDL

PWL

Upper Spec 
limit

Lower Spec 
limit

Target

PWL
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PWL Specifications
General

• Not All PWL Specifications Are the Same
• Mechanics of Statistical Calculations Are the Same But Acceptance/Payment Processes Differ

• Acceptance and Payment Differences
• Contractor Data For Acceptance/Payment with Agency Statistical Check

• Agency Data Acceptance/Payment but Require Contractor Data Be Submitted

• Agency Data Acceptance/Payment Only Require Contractor Data For Dispute Process

• For This Presentation 
• General Discussion of What We Have Learned From Experiences in Multiple States 

• Focus on HMA PWL Specifications
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Percent Within Limits vs. Other Acceptance Criteria
What’s The Difference?

• Conformance to Specification Acceptance 
Criteria

• Non Statistically Based Acceptance 

• Considers Only Specification Limits Only For 

Acceptance

• Between Limits = Acceptance

• Individual Sample Measure

• Level of Quality Assumed to Be The Same for 

All Tests within Specification Limits 

• Acceptance and Full Pay Awarded for Being 

in Anywhere with Specification Band
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PWL Specification Signals a Significant 
Change in Opportunity/Risk to a Contractor

• Not Business as Usual

• Being In Specification is No Longer Good Enough

• Requires Operational Planning

• Those Who Do Not Prepare Often Struggle On Initial PWL Projects

• May Require Changes to:

• Production Equipment

• Products

• Laboratory Facilities and Equipment

• Quality Control Staff 



Building Value Together 10

Opportunities/Advantages
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PWL Specifications 
Key Opportunities/Advantages

• PWL Acceptance Criteria is Best Tool to Quantify Quality
• Considers - TV, Spec Limits, Average, Variability

• QC/QA with PWL Acceptance 
• Transfer of Responsibility/Risk from Agency to Material Producer/Contractor for Quality

• Opportunity for Producer/Contractor to Control Processes 

• Opportunity to Be Compensated for Quality Provided

• Opportunity for Producer/Contractor to Refine Processes and Build Technical 
Competency
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Opportunities/Advantages
Transfer of Responsibility With QC/QA

• Take Greater Role in Design and Acceptance Testing

• Perform Own Mix Designs with Agency Verification Process

• QC Data Used as Part of Acceptance and In Some Locations Payment

• Led to Investments In:
• Facilities

• Equipment

• Technical Personnel 

• Laboratory AASHTO Accreditation (14 AASHTO Accredited Laboratories)

• Outcome
• Improved Materials Quality

• Increased Technical Competency
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After QC/QA 

Specifications

(2019)

Before QC/QA 

Specifications

(early 2000’s)
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Opportunities/Advantages
Compensated for Quality

• Incentives/Disincentives – Pay Factors

• All Businesses Strive to Maximize Profits

• Driver for Improved Quality
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Opportunities/Advantages
Refine Processes and Build Technical Competency

• Preparation for Future Contracting Practices
• Construction Manager at Risk (CMAR)

• Design/Build

• Design/Build/Maintain

• Warranty

• Complimentary Benefits
• Materials Optimization for Cost and Quality

• Development of Byproduct Uses
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Risk Points/Disadvantages
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Risk Points/Disadvantages
Lack of Knowledge of Risk in Specifications

• Applies to Both Industry and Agency

• Risk and Payment Changes with:
• Lot and Sublot Size

• Samples and Tests per Lot and Sublot

• Sampling Location

• Test Methods and Test Method Options

• Acceptance Limit Changes

• Specification Limit Changes

• Pay Factor Equations, Weights and Variables

• …

• Full Risk Impact of PWL Spec Often Only Understood During/After First Projects
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Risk Points/Disadvantages
Not Being Prepared for the Change

• A Contractor Must have a PWL Implementation Plan That Considers:

• Evaluation of Existing Mixes – Are Changes Required to Achieve Desired Level of Bonus?

• Operational Changes that Cost $$$

• Laboratory Facilities, Equipment and Accreditation

• Quality Control Staff 

• PWL Specification Training Within Organization

• This Can Be a Big Opportunity Also!!!
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Production Team Training Example
Understanding Targets and Variability

Impact of Being More Variable Impact of Being Off Target
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Risk Points/Disadvantages 
Laboratory Accreditation

• Accreditation Matters
• Round Robin Studies Confirm Reduced Variability in Data From Accredited Labs

• Recognized by Many Agencies Requiring Design Labs Be Accredited

• Does a Double Standard for Accreditation Exist? 
• Non Design Labs Typically Not AASHTO Accredited But Perform Significant Amount of 

Acceptance Testing

• What is Impact on Mix Design Verification and Production Acceptance/Payment? 
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Critical Components of a PWL Based Specification

• Contractor Participation in Design and Production Acceptance Processes

• Risk Based Specification Limits

• Test Turnaround Timelines

• Dispute Resolution Process
• Including Outlier Identification and Re-Testing Provisions
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Contractor Participation in Design and Production 
Acceptance Processes

• Increased Contractor Participation in Material Design/Testing is Important Part 

of Assuming Additional Risk

• Mix Design

• Agency Transfers Risk to Contractor and Have Contractor Perform the Design

• Contractor Assumes Risk of a “Good” Design

• Contractor Develops Mix Design to Meet Agency Requirements

• Agency “Verifies” Mix Design on Lab or Field Produced Material

• Production Acceptance

• Contractor Data Required and Considered in Acceptance Process

• Without Increased Participation – Will Contractor Capabilities/Quality Improve?
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Risk Based Specification Limits

• Define Acceptable and Unacceptable Material Quality

• Must Incorporate All Sources of Variability
• Function of (S2

T) = S2
sampling + S2

testing + S2
material/construction

• Specification Limits Basis: 
• Acknowledge Sampling and Testing Variability in Spec Limit Development

• Review Historical Data to Understand Overall Variability

• Consider Buyers and Sellers Risk
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Risk Based Specification Limits

Buyer’s Risk β = Risk of Accepting 
“Bad” Material

Seller’s Risk α = Risk of Rejecting 
“Good” Material

FHWA Recommended Seller’s 
Risk (α): 5.0% Max. 

➢Typically 2s About the Mean 

24
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Test Turnaround Timelines and Data 
Management 

• Timely Test Data Critical for PWL Specification
• Data Required for Timely Plant Changes/Process Changes

• PWL Process Requires Proactive Plant Changes to Achieve Bonus

• Use of Testing Software Critical with Automated Data Reporting Capabilities

• QC vs. QA Testing
• Often Differences Exist Between the QC and QA Results

• Need to Understand and Quickly Resolve Between Lab Differences

• Highest Risk – Start of Project
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Proactive Information Dissemination 
Right Information, Right Level of Detail, Right Person at the Right Time

Automated Sample Specific Email Alerts Automated Summary Reporting

Control Charts Statistical Summary Reports
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Dispute Resolution
Best Practice

• Process Needs to Be Well 
Defined

• Consider both QC and QA 
Data

• Utilize Independent 3rd

Party Resolution Testing 
Labs Mutually Agreed 
Upon 

• Utilize a Simple Process 
as to Promotes Timely 
Resolution of Issues
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Dispute Resolution
Outlier Detection and Re-Testing

• Need for Outlier Definition – “Wacky or 
Flyer”

• Need for  Outlier Detection Tool
• ASTM E178 or some other criteria

• Need Re-test Provision – Test whole 
sample or individual test? Split or 
independent sample… 

• Just Because Something Is Out of 
Specification, Does Not Mean It Should be 
Re-Tested
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Return on Investment (ROI)  
Contractor

• Return on Investment (ROI)
• Investment Made to Improve Quality and Increase Bonus Payment

• Facilities, Equipment, Technical Personnel

• Assume Reasonable Return on Investment
• Significant Capital Investments Required

• Bonuses Must Exceed Investments

• Must Consider Long Analysis Period

• Specification Must be Steady-State
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31

Return on Investment (ROI)  
Agency

• Does Bonus Payout Result in Sufficient Increased Quality/Performance?

• Are Expenditures Within the Context of Quality and Consequence of Failure

• Identify and Optimize Agency Expenditures on Items with Greatest Consequence of 

Failure (e.g. Bridge Deck vs. Frontage Road)
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Summary

• PWL Specifications Provide Both an Opportunity and Increased Risk to a Contractor

• As Part of a Contractor Assuming More Risk, Agencies Typically Transfer Additional 

Responsibilities to the Contractor (i.e. mix design, use of QC Data in acceptance process)

• Contractors Must Prepare and Evaluate Impact to “Current” Operations
• Budget for Changes to Facilities, Equipment, Staff and Operations
• Those Who Do Not Prepare Will Struggle

• Specification Limits Must be Developed Considering Both Buyers and Sellers Risk

• Return on Investment – Well Designed PWL Specification
• Contractor – Achievable Bonus Must Be Sufficient to Cover Initial Investments
• Agency – Increased Level of Quality and Performance to Justify Bonus
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Thank You

Marty McNamara, M.Sc., P.E.

Director of Quality Control

775-352-1973

marty.mcnamara@gcinc.com

mailto:Marty.mcnamara@gcinc.com

