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2019 Asphalt Institute Conference

We spread in the summer, and we 
laid it nice hot

Two million yards or more of it, we 
had to roll the lot

The sun was blazing down; until I 
thought me back would melt

Working on the Motor highway, 
laying hot asphalt

When you're speeding in your motor 
car and tearing through the shires

And the only thing you're hearing is 
the humming of your tires

You'll be riding soft and easy, with a 
road as smooth as felt

Then don't forget the boys, who lay 
the hot asphalt

The Pogues – Hot Asphalt
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2019 Construction and Project 
Development Conference

March 6, 2019
Bismarck, ND

Robert Conway, P.E., CCM
FHWA-Resource Center
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Migration Toward Percent 
Within Limits (PWL)

• General Discussion of PWL Benefits

• Overview of How PWL Works

• Comparison of PWL to Average

• How to Implement



Sources of Variability

Material Process Sampling Testing

Composite
Variability



• Simple Random Sampling

• Stratified Random Sampling

– Ensures all material

will be sampled

– No extra cost

– Reduces fraud

Random Sampling
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Minimum and Maximum

Range = Max-Min
= 6.47 – 5.45 
= 1.02



Mean or “Average”
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Axis did not change because we had “100” test results

Relative Frequency = Bin Count
Total 17 %
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Standard Deviation

• A measure of the variability (i.e. spread) 

of data

Spread



Standard Deviation

1 Standard 
Deviation

Mean



Data within ± 1 Standard 
Deviation

68%

±1
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Data within
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Standard Deviation: 
Equations

• Sample standard deviation (s)

s =
∑(Xi - X)2

n - 1
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3 Samples, Different 
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Estimate of Population Improves 
with Increasing Number of Samples
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PWL

• Efficiently captures mean and standard 

deviation in one quality measure

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

X - mean
s - standard deviation



USL

LSL

Single Specification PWL

PWLL

PWLUorX

X



+              - 100 =
Double Specification PWL

PWLL

LSL
USL

PWLU

USL

X

LSL

PWL



Recommended Quality Measure

• Percent within Limits (PWL)

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

specification 
limit

 Percent Defective (PD)

PWL

PD PD

specification 
limit



Standard Normal Distribution



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 35



Payment Plan with 5% 
Incentive

Estimated PWL

AQLPF=0.5PWL + 55Pa
y 

Fa
ct

or
 (%

)

RQL
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Comparing PWL

Density Lower Spec. Limit: 93.0

92.4
93.7
91.7
94.4

Mean: 93.05
Range: 2.7
St. Dev: 1.22

P-Value: 11.7
PWL: 51.4

PF: 80.7%

93.3
93.4
92.8
92.5
92.6

Mean: 92.92
Range: 0.9
St. Dev: 0.41

P-Value: 4.52
PWL: 43.0

PF: 76.5%

94.7
95.6
93.8
94.9
95.0

Mean: 94.80
Range: 1.8
St. Dev: 0.65

P-Value: -14.5
PWL: 100

PF: 105%
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Implementing PWL

• Contractor is successful if they can control 

variability and target within limits

• Quality Measures

• Population of Test Data

• PWL Training

• Specification Development

• Individual PWL Training/Meeting

• Calibration



There’s Help Available



PWL Training

• FHWA PWL 1.5 day workshop

• Dennis Dvorak, FHWA

• Robert Conway, FHWA

• NHI Course # 134064  Transportation 

Construction Quality Assurance

40
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Thank You – Questions?

Robert Conway, P.E. CCM

• robert.conway@dot.gov

• FHWA – Resource Center

• 202-906-0536 

mailto:robert.conway@dot.gov
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