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Purpose Statement

This webinar will share how to develop and monitor limits and pay adjustments for a PWL
specification. Presenters will discuss how to develop proper incentives and disincentives
within a PWL specification; how to balance risks and pay factors in PWL specifications; and
how to monitor and conduct retrospective analysis, maintaining specification limits and
evaluating risks on an ongoing basis.

Learning Objectives

At the end of this webinar, you will be able to:
« Develop and update limits for a PWL specification
« Balance risks and pay factors in a PWL specification

« Monitor and perform retrospective analysis to maintain specification limits



Questions and Answers

» Please type your questions into your webinar
control panel

« We will read your questions out loud, and
answer as many as time allows

Questions

No questions yet

Cluestions you send and answers from the staff

will appear here

Enter your question

Your question will be sent to staff
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Developing and Updating
Specification Limits for PWL
Specifications

Dennis Dvorak



Standard Practice for

Acceptance Sampling Plans
for Highway Construction

AASHTO Designation: R 9-05 (2022)

Technically Revised: 2005 Reviewed but Not Updated: 2022

Tech Subcommittee: 5¢, Quality Assurance and Environmental




Optimal Procedures for Quality
Assurance Specifications

Publication No. FHWA-RD-02-095

6 _3 Source: FHWA


https://www.fhwa.dot.gov/publications/research/infrastructure/pavements/pccp/02095/02095.pdf
https://www.fhwa.dot.gov/publications/research/infrastructure/pavements/pccp/02095/02095.pdf

Setting Limits Depends on Data

B Are your pavements performing well?
B Does your data reflect performance?

6-4



Specification Limits

B Simplified Definition:

» The value(s) placed on a quality characteristic
that defines satisfactory material.

> Density........o.oooiill 92%
» Asphalt Content............... Target AC £ 0.3%
» Compressive Strength....... 4000 psi

6-5



Acceptable Quality
Level (AQL)



Acceptable Quality Level (AQL)

B Simplified definition
» That [true] PWL value at which the contractor
should get 100% payment

B Commonly used AQL value
» 90 PWL

6-7



Specification Limits and AQL

B Assuming good performance, use the
material and construction data

B Specification limits are determined in
conjunction with AQL

B AQL and specification limits are used
together to define the material that we want
on the project

6-8
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Football Analogy




Spec Limits and Goal Posts are Similar

80 PWL
*
60% 80%
GOOD! GOOD!
(within the limits) (within the limits)
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Standard Deviation

99.7%
95%
68%




Standard Normal Distribution

B A normal distribution where
» Mean (M) =0
» Standard deviation (o) = 1 (0,1)

B Also called “Z” distribution

6-12



Z-Table

+ Zo Regions for Selected Areas
Under the Normal Distribution

Area

0.99

0.95

0.90

0.85

0.80

2.576

1.960

1.645

1.439

1.282

6-13




Asphalt Content Example

Typical process
standard deviation:
c=0.18

u = JMF Target

6-14



Example (cont'd)

LSL USL

JMF

AQL = 90 PWL
Specification Limit = y+ (Z * o)

6-15



Example : Z-Table

+ Zo Regions for Selected Areas

Under the Normal Distribution

Area

0.99

0.95

0.90

0.85

0.80

2.576

1.960

1.645

1.439

1.282
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Example (cont'd)

PWL =90

>
—1.6450 +1.6450
JMF

AQL =90 PWL
Limits = + (1.645 x 0.18) or + 0.30%

6-17



Standard Deviation



“"Pooled” Standard Deviation

B Standard deviations (s) are not additive
» Averaging standard deviations is not correct

B Variances (s?) are additive

6-19



“"Pooled” Standard Deviation

B calculate pooled variance

- (n —1)512 +(n, —1)522 +...+(n, —I)S,f
n+n,+..+n, —k




Recalibrating PWL
Updating Specification
Limits



Recalibrating PWL
Revising Specification Limits

B Revisit PWL specification limits periodically
> After Implementation of PWL Specification
» After Significant Specification Changes

» After contactors have adjusted processes to
meet specification

B Reevaluate based on the entire population
of data used for acceptance

6-22



Revising Specification Limits

B Adjust Specification Limits As Necessary
» Average pay factor should be slightly > 1.00

» The majority of lots should not have maximum
incentive or disincentive

» Adjust the Specification Limits if needed

6-23
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PWIL Acceptance Specifications

* Examples

PWL on material & mixture properties (BC%, #4, #8, #200)

Composite CMPWSL on mixture

Dynamic modulus (E)

Field density

Strength, Smoothness, Thickness



Frequency

Example Specification (Dense Graded HMA)

* Specification tolerances

e AC Distribution

AC Distribution (Delta_Average=0.00 & Standard Dev. = 0.31)

1400 -

LSL (-0.5) USL (+0.5)

1200 -
1000 -
800
600 -

400 -

200 - III
O I | |

- -11 -1 -09 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 04 0.5 06 0.7 0.8 0.9
1.18
Delta

1

1.1 1.16



Acceptance Risks

* Distributions of Material Properties

e Historical data

e Simulation & OC Development

Randomly Generate Lots { n sub-lots/samples)

|

|

v

r ¥ L L

CMPWSL




Acceptance Risks

* Development of Operating Characteristics (OC) curves

Individual PWL or CMPWSL

* Acceptance Risks

AQL (acceptable quality level) — 90%
RQL (rejectable quality level) - 50%
Type |, risk (o. seller’s => AQL rejected)
Type Il risks (B buyer’s => RQL accepted)

Criticality Recommended a Recommended 3
Critical 0.050 0.005
Major 0.010 0.050
Minor 0.005 0.100

Contractual 0.001 0.200
AASHTO R9

Probability of Acceptance

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
100%

@80% 70% 60% \_50%
P

Zhao & Goulias TRR 2021

Sample size

i

30% 20% 10%

0%



Specification Pay Factors
(examples)

PF variable versus stepped functions

e MF =0.554+05CMPWSL
- ifCMPWSL < 40% MF =0
- ifCMPWSL = 90% MF = 1 (no bonus provision)

w1 PWSL1+w2 PWSL2+w3 PWSL3+w4 PWSL4
e CMPWSL = > wi

e Bonus provision when CMPWSL>90%, with max of 5% incentive

100 STEPPED

PAY FACTOR ¢y \
(PERCENT) CONTINUOUS

0 20 40 60 80 100
PWL
AASHTO R9-36



Specification Pay Factors
(examples)

PF variable versus stepped functions

CMPF = 0.55+ 0.5 CMPWL

CMPWL =0.25x PWL

strength

+0.35x PWL, . +0.4x PWL

roughness

+0.4x PF

roughness

+0.35x PF

thickness

CPF =0.25x PF,

strength

110 1 Pay equation 1

Pay equation 2

100 -

= Stepped pay equation

50 60 70 PWL. % 80 90 100

Zhao & Goulias TRB 2021



Prob. of Receiving 2PF

Acceptance Risks & PF Assessment

Risks Analysis & Expected Pay

e Historical data

* Simulation & OC Development

* Probability of EP

20

p—ﬂ&a—/—i s-—-i!"'“!

io

/

40 50 £ 0
Composite PWL

an

o

100

0.75

wilie=] 8

i}

|

=ii=1104

"

Randomly Generate Lots ( n sub-lots/samples)

l l

+ %

v '

CMPWSL

C

Pay Factor

Expected Pay

Karimi & Goulias IJCER 2018



Acceptance Risks & PF Assessment

e Balancing Risks with Pay Factors

* PF variable versus stepped functions
* Bonus provisions

* Integrating performance in PF

FHWA-RD-02-095, Optimal Procedures for Quality Assurance Specifications



Acceptance Risks & PF Assessment

Integrating performance in PF
= Example AY with E*

Relating E* values to performance (i.e. predicted service life):

RUT 208662 |
ng((RUTc‘ * E*c) {(1 +r)¥fe — 1} +1)

N log(1 + 1)

— RUT =rutdepth=1.1421E-271=0.521in

— RUT¢ = rut depth criterion value, deterministically predicted = 0.446 in
— E = dynamic modulus = 302.2 ksi

— E".=dynamic modulus criterion value = 374 _1 ksi

- 1= growth rate (rate of traffic increase per year) =4%

- Y. = design life =19.766 years

- Y = predicted service life

NCHRP 704 A Performance-Related Specification for Hot-Mixed Asphalt



Acceptance Risks & PF Assessment

* Integrating performance in PF
= Example AY with E*

« Example HMA Pay Factor Schedule:

[ AY = -7 years = PF = 0%
-7 <AY = =h = PF =70%
—S5<AY =-2=PF=104Y +120
-2 <AY =42 = PF = 100%
+2 < A¥Y < +6= PF = 2.5AF + 95
AY 2 +6 = PF = 110%

120.0

110.0
(-2, 100)
100.0 -~

< (2, 100)
NCHRP 704 A Performance-Related Specification for Hot-Mixed Asphalt = i

:

L

>. 80.0

g /
Example Analysis: Zhao, Goulias, Karimi, TRB 2023 & TRR 2025 S

(-5, 70)
60.0

50.0

-15 -12 -9 -6 -3 0 3 6

Predicted life difference (years)



Balancing Risks and Pay Factors

* Improve production quality and uniformity

e Assess Alternatives
e Risk Analysis: Type |, Il risks

 AQL & RQL to balance risks
* Revised Specification Tolerances

* Sample size (n) effects
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Where We Left

Off: Fraud Risks in
Quality Assurance

Motivation

7




is Critical

ing is

Why QA Monitor




Case Study:
Unintended
Consequen
of Static QA
Specificatio
in ldaho




Look Out For

Red Flags

Asphalt Content (%)

Air Voids (%)

Run Chart of Asphalt Mix Properties

—— Gmm

1
1
1
1
1
1
1
1
i

——- shiftin Production |

1

Run Chart of Asphalt Mix Properties

5.5 A

5.0 A

4.5

]
I
]
L5 | —® AirVoids (%) i
I REEEE Lower Spec Limit |
----- Upper Spec Limit |
3.0 4- PP p :. ...................................................................................................................................................................
T T T T T T T T
0 5 10 15 20 25 30 35

Test Number



The Oversight Effect: When Do Tests

Fail?

Independent Assurance (lIA) Reveals Disproportionate Failing Tests

Failing Acceptance Tests

IA Witnesse d

* |A Witnessed 4% of all testing

53% Not IA Witnesse d




QC vs. Verification Variability

"

|dentitfy

Loopholes and
Weaknesses

Air Voids (%)




War Gaming in
Action: Plant
Sampling




How Do We

Monitor
Specifications?

Ridgeline Plot of WEI by Year

T
00000



Conventional Incentives

PFyp =

Density Distributions

2% 2%
Incentive Incentive

f
90

554+ 0.5 X PWLy,

100

T I 1
92 94 96 98
In-Place Density (%)

T
100

10



Optimizing Incentives

Density Distributions

5%
Incentive

1
1
]
i
T T T
90 92 94 96 98 100

In-Place Density (%)
(PWLg2—-90)+|PWLg2—90]|
55+0-5><(PWL92— > ) (PWLg3—90)+|PWLg3—90| . (PWLg3—90)+|PWLg3—90| . (PWLgs—90)+|PWLgs—90|
PFyip = + + +
100 1000 1000 1000

11



Proof in the Data: Incentives Drive

Higher Density

89-

o o
[¥%) n
1

Percent Compaction

LT
=
I

87-

2016

e Year
2016
]l 2022
.
2022

Specification Year

12



Frequency

When do | Adjust Specification

Limits?

Ideal Pay Factor Distribution

Pay Factors Too Easy

Pay Factors Too Hard

400 { == Target = 1.0 : : {1 == Target=1.0 : : { == Target=1.0 : :
== Max Incentive = 1.05 1 1 = = Max Incentive = 1.05 1 1 = =  Max Incentive = 1.05 1 1
350 4 == Min Before Reject = 0.75 : : | == Min Before Reject = 0.75 : : | == Min Before Reject = 0.75 : :
[ [ [ [ [ [ [ [ [
[ [ [ [ [ [ [ [ [
300 [ [ [ . [ [ [ 8 [ [ [
I [ [ [ [ [ I I [
[ [ [ [ [ [ [ [ [
250 - [ [ [ g [ [ [ g [ [ [
I I I o I I I o I I I
| | | S | | | o | | |
200 - [ [ [ = [ [ [ 3 | [ [ [
[ [ [ e [ [ [ & [ [ [
I [ [ = [ [ [ = [ I [
[ [ [ [ [ [ [ [ [
150 1 | I | T | I | T | | |
[ [ [ [ [ [ [ [
I [ I I [ | I [
100 [ [ § [ [ [ § [ [ [
[ [ [ [ [ [ [
| | | | | | | |
50 | | E | | | e | |
[ [ [ I [ [ [
| | | | | | |
D T ! T T T ! ! T T ! T T T T ! ! T T E!! T T T I I I T
070 075 0.80 0.85 090 095 1.00 105 110 070 075 0.80 085 050 095 100 105 110 070 075 080 085 090 095 .00 1.05 110
Pay Factor Pay Factor Pay Factor
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Conclusion

Monitor, Analyze, and Adapt.

Year 0: As Built (2019) Year 2: Early Distress (2021)
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