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CHAPTER 1. INTRODUCTION

There are three essential steps for the successful construction of hot mix asphalt (HMA)
pavements: mix design, production, and quality control/quality assurance (QC/QA). Every State
Highway Agency (SHA) has well documented procedures for each of the three steps. However,
the processes used in each of the three steps differ significantly among SHAs especially in the area
of QC/QA. Since the subject of this report is mainly related to the Percent within Limit (PWL)
system, only the QC/QA process will be discussed due to its direct application in the PWL.

Quality control represents the testing program that the contractor is required to conduct in order to
assess the uniformity and acceptability of the produced HMA mix. Quality assurance represents
the testing program that the SHA conducts in order to assess the conformance of the produced
HMA mix with the agency’s applicable specifications. For final acceptance of the HMA mix, some
agencies use both the QC and QA testing results while others use only the QA testing results. The
specific properties measured in the QC and QA programs also vary significantly among SHAs.

In 1998, Schmitt et al conducted a survey on the various properties that are measured through the
QA programs in 40 states (1). The survey identified three fundamental measures of acceptance
testing: mix properties, density, and smoothness. Tables 1 and 2 summarize the mix properties and
density attributes identified by Schmitt et al, respectively. The mix properties that are commonly
used for acceptance include: aggregate gradation, asphalt content, and mix volumetrics. The data
presented in Tables 1 and 2 show that there are significant variations among the practices used by
various SHAs in terms of: size of sublots and lots, sampling location, testing methods, and
compliance measure (i.e. method used to measure conformance with the specification).

Tables 1 and 2 show that the majority of the SHAs use the Quality Level Analysis to measure the
compliance of the HMA mixtures to the agency’s specifications. In addition, the most common
Quality Level Analysis is the PWL process. This indicates that the use of the PWL method for
evaluating the compliance of HMA mixtures to SHAs specifications has been very popular.

The survey conducted by Schmitt et al also looked at the use of the measured properties to identify
pay adjustment that can be applied to the overall cost of the HMA mix (1). Table 3 summarizes
the various properties that have been used in the calculations of pay adjustments by various SHAs.
A review of the data in Table 3 indicates the followings:

¢ The majority of the SHAs establish a Factor which may lead to a penalty or bonus for their
pay adjustment.

¢ The majority of the SHAs use aggregate gradation, asphalt content, air voids, field density,
and smoothness as measures of compliance with specifications.

¢ The percent passing #200 is the most commonly used gradation attribute.

¢ The majority of the SHAs use a weighted approach to combine the impact of the various
attributes toward the final pay adjustment.



Table 1. Mix Property Acceptance Attributes for 40 States (1).

Attribute Number of States Specifying
Aggregate Asphalt Mix
Gradation Content Volumetrics

Sublot Size

1 per 500 tons to 1 per 900 tons 12 17 9

1 per 1,000 tons to 1 per 2,000 tons 12 10 15

1 per 3 hours 2 6 5

4 samples 1 1 0

Variable 2 2 2

Lot Size

1 per 500 tons to 5 per 6,000 tons 13 17 15

1 to 4 per day 7 11 7

4 Sublots 2 2 1

Project 1 1 0

Total per Mix Design 4 4 3

Variable 2 2 2

Cumulative 0 1 1

Continuous 0 1 0

Sampling Location®

Coldfeeds or Hot Bins 17 0 0

Plant Discharge 4 7 4

Truck 15 19 15

Windrow 1 2 1

Volume Analysis 1 2 0

Mat 9 11 0

Asphalt Content Testing Methods®

Extraction 20

Nuclear Gauge 20

Ignition Oven 18

Plant Record 11

Tank Stickings 9

Specific Gravity 4

Compliance Measure®

Quality Level Analysis 13 14 10

Absolute Average deviation 7 8 7

Moving Average 6 7 6

Average 5 6 2

Range 3 3 3

Note: 1 ton =0.91 Mg

States may specify multiple locations for aggregates gradation and asphalt content
®States may specify multiple testing options for asphalt content

“One or more compliance measures may be specified within a state

(i.e. may vary by property being measured)




Table 2. Density Attributes for 40 States (1).

Attribute | Number of States Specifying
Sublot Size

1 per 80 to 1 per 1,500 tons 19
300 to 600 meters 5
1 to 5 per day 4
Square yards 1
Square meters 1
Variable 1
None 9
Lot Size

1 per 400 to 1 per 6,000 tons 17
5 to 10 per day 11
300 to 1,500 meters 5
Total per Mix design 4
1 per shift 1
Cumulative 1
Variable 1
Sampling Method

Nuclear Gauge 16
Core 15
Nuclear Gauge corrected to core® 9
Reference ¢

Theoretical Maximum Density 32
Laboratory Maximum Density 9
Test Strip 8
Compliance Measure >¢

Quality Level Analysis 20
Absolute Average deviation 8
Moving Average 4
Average 3
Range 3

Note: 1 ton=0.91 Mg

“Number of cores for correcting nuclear readings ranged from 3 to 12.

®When the total number is less than 40, this means that not all agencies provided a response.
“States may specify multiple options a density reference.

dStates may specify multiple options for compliance.




Table 3. Pay Adjustment Attributes for 40 States (1).

Attribute | Number of States Specifying
Type of Adjustment

Factor 36
Fixed Rate 4
Bonus 21°
Aggregate Gradation Sieve Sizes

12.5mm(1/2”) 15
9.5mm(3/8”) 15
4.75mm(#4) 17
2.36mm(#8) 18
2.07mm(#10) 10
1.18mm(#16) 7
600um(#30) 10
450um(#40) 10
300um(#50) 10
75um(#200) 25
Asphalt and Mixture Properties

Asphalt Content 31
Air Voids 16
Voids in Mineral Aggregate 7
Stability 2
Voids Filled with Asphalt 1
Asphalt Penetration 1
Anti-strip Additive 1
Moisture Content 1
Theoretical Maximum Density 1
Density

Percent Theoretical Maximum Density 29
Percent Test Strip Density 6
Percent Laboratory Maximum Density 4
Smoothness

Profile Index 16
Rolling Straightedge 1
Profilomter/Mays Meter

Method of Combination

Weighted® 25
Minimum® 12
Density

Average 1

“Bonus provision is contained within the Factor or Fixed Rate.
®Weights summing to 1.0 are multiplied to each property then summed.
“‘Minimum individual pay factor of all measured properties is used.




1.1 Overall Research Objective

The overall objective of the research was to establish a practical PWL system that the Nevada
DOT can effectively implement on the construction of dense graded HMA mixtures. The PWL
system shall also include pay factors that are based on pavement performance indicators such as
rutting and cracking. In addition, the developed PWL shall be incorporated into a user-oriented
software that is capable of analyzing the relevant data, establishing the PWL values, and applying
the appropriate pay adjustments. Training will be provided to NDOT employees and other entities
that will be involved in the implementation of the PWL system.

1.2 Scope of Work

In order to achieve the overall objectives of the research project, the following three phases will
be completed:

Phase I — Review of Existing PWL Specification Systems: this phase reviewed several PWL
specification systems for HMA construction. The effort concentrated on the review of PWLs
implemented by various SHA agencies with similar conditions to NDOT. Based on the findings
of the review, the research team recommended the general framework of the PWL system to be
developed in Phase 1I.

Phase II — Develop the PWL Specification System: this phase developed the PWL specification
system for dense graded HMA construction that was recommended in Phase I taking into account
NDOT and Associated General Contractors (AGC) comments and concerns. The developed
system uses several materials and mixtures properties to identify the PWLs for all sublots and lots
of HMA mixtures. Weight factors were identified for each of the materials and mixtures properties
leading to the development of a single PWL for each lot within the construction project. The PWL
system also includes pay factors based pavement performance indicators; rutting and cracking.
Finally the developed PWL system has been packaged into a user-oriented software.

Phase I1I — Implement the Specifications: this phase implemented the developed PWL system on
several NDOT projects and uses the data from these projects to fine tune the system.



CHAPTER 2. REVIEW OF EXISTING PWL SPECIFICATION SYSTEMS

This chapter summarizes the findings of a literature review on the applications of PWL system for
the acceptance and pay adjustment of dense graded HMA mixtures. Therefore, it will be
appropriate to first explain the PWL concept as it relates to the acceptance and pay adjustment of
dense graded HMA mixtures.

The Transportation Research Board (TRB) definition of PWL is as follows (2):

PWL — also called percent conforming. The percentage of the lot falling above the LSL,
beneath the USL, or between the USL and LSL. [PWL may refer to either the population
value or the sample estimate of the population value. PWL = 100-PD.]

Where:
LSL: lower specification limit
USL: upper specification limit
PD: percent defective

The PWL uses the measured sample average and standard deviation of a specific property of the
HMA mix to estimate the percent of the materials, represented by the sample that is within the
specification limits. In other words, the PWL process considers both the actual value of the
measured property and its associated variability. The PWL tends to reward a producer that
manufactures a product that is very close to the target value and has low variability. The low
variability part ensures that consistent products are delivered over the duration of the project.

2.1 Distribution of Data

The PWL process assumes that the measured property is normally distributed, i.e. bell shape.
Historical data show that most properties of HMA mixtures and pavements follow normal
distribution as shown in Figure 1 for asphalt content.

Asphalt Content, %

Figure 1. Typical normal distribution of measured asphalt content



The normal distribution is typically described in terms of its average and standard deviation as
defined below:

T X, +X,+... X, _ > X,

n n

where:

X =sample average,

X; = each individual value, and

n = number of values in the sample.

- |2X-X)

' 1! n-—1

where:

s = sample standard deviation.

X; = each individual value.

X = sample average, and

n-1= degrees of freedom. 1.e.. one less than the sample size.

2.2 Variability of Data

Using the average and standard deviation of a normally distributed data set, the percent of data
above or below certain level of the measured property can be estimated. This process is called the
Q-statistic or the quality index. For a given HMA property, the quality index is defined for the
lower specification limit (LSL) and the upper specification limit (USL) as shown below:

X -LSL

5

. =
and

_USL-X
v—-
A

where:

0, = quality index relative to the lower specification limit,
O,, = quality index relative to the upper specification limit,
LSI = lower specification limit,

USL = upper specification limit,

X = sample mean for the lot, and

s = sample standard deviation for the lot.

The Q-value indicates the distance in sample deviation units that the sample average is offset from
the specification limit. A positive Q-value represents the number of standard deviation units that



the sample average falls inside the specification limit. A negative Q-value represents the number
of sample standard deviation units that the sample average falls outside the specification limits.
These cases are illustrated in Figure 2. Q. is used when there is only a one-sided lower specification
limit. Quis used for the one-sided upper specification limit.

X

Ilustration of the positive quality index.

LSL USL

Ilustration of the negative quality index.
Figure 2. Illustrations of data variations

2.3 Percent within Limits

The calculated Qi and Qu are used in standard statistical tables or in the standard normal
distribution function to identify the percent of data that fall above the LSL (i.e. PWLL) and percent
of data that fall below the USL (i.e. PWLu), respectively. A standard statistical table for number
of samples of 5 is shown in Table 4. A complete set of standard statistical tables for sample sizes
from 3 to 30 are available in reference 3. The total percent of data that fall between the LSL and
USL is estimated using the following relationship:

PWLr=PWLL + PWLy - 100
Where:
PWLt = percent within the upper and lower specification limits
PWLL = percent above the lower specification limits (based on Qr)
PWLy = percent below the upper specification limits (based on Qu)



Table 4. A PWL Estimation Table for Sample Size n = 5 (3).

Qror Qu |0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 50.00 |50.36 |[50.71 |51.07 |51.42 |[51.78 |52.13 [52.49 |52.85 |53.20
0.1 53.56 | 5391 [54.27 |54.62 [54.98 |5533 |55.69 [56.04 |56.39 [56.75
0.2 57.10 |57.46 |[57.81 |58.16 |[58.52 |58.87 |59.22 [59.57 |59.92 |60.28
0.3 60.63 16098 |[61.33 |61.68 [62.03 |62.38 |62.72 |[63.07 |63.42 |63.77
0.4 64.12 | 64.46 [64.81 |65.15 |65.50 |[65.84 |66.19 [66.53 | 6687 |67.22
0.5 67.56 | 67.90 [68.24 |68.58 [68.92 |69.26 |69.60 [69.94 |70.27 |70.61
0.6 7095 |(71.28 |71.61 [71.95 |72.28 |[72.61 |7294 |73.27 |73.60 |73.93
0.7 7426 7459 | 7491 (7524 |75.56 |[75.89 |76.21 |76.53 |76.85 |77.17
0.8 77.49 |77.81 |78.13 |[78.44 |78.76 |[79.07 |79.38 |79.69 |80.00 |80.31
0.9 80.62 |80.93 |(81.23 |81.54 |[&81.84 |82.14 |[82.45 |82.74 |83.04 |[83.34
1.0 83.64 |83.93 (8422 |84.52 [84.81 |85.09 |[8538 |85.67 |8595 [86.24
1.1 86.52 | 86.80 |[87.07 | 8735 |[87.63 |87.90 |[88.17 |88.44 |88.71 | 88.98
1.2 89.24 |1 89.50 |[89.77 190.03 [90.28 |90.54 [90.79 |91.04 |91.29 [91.54
1.3 91.79 |[92.03 |92.77 [92.51 |92.75 (9298 |93.21 [93.44 |93.67 |93.90
1.4 94.12 (9434 9456 [94.77 9498 [95.19 | 9540 |95.61 |[95.81 |96.01
1.5 96.20 [96.39 |96.58 [96.77 |96.95 [97.13 |97.31 |97.48 |[97.65 |97.81
1.6 97.97 |98.13 |98.28 [98.43 |98.58 [98.72 |98.85 [98.98 |99.11 |99.23
1.7 99.34 19945 199.55 [99.64 199.73 [99.81 |99.88 |99.94 |[99.98 | 100.00

2.4 Sample Calculations

This example shows the calculation process used in the determination of PWL for asphalt content
(AC). The following asphalt content data were collected from a lot of HMA mix:

AC; =4.40%
AC2=4.62%
AC3=4.10%
AC4=4.33%
ACs =4.86%

The target asphalt content (ACr), LSL, and USL are specified as follows:

ACr=4.50
LSL =4.10
USL =4.90

The average AC is: (4.404+4.62+4.10+4.33+4.86)/5 = 4.46%




The standard deviation:
{[(4.40-4.46)*+(4.62-4.46)*+(4.10-4.46)*+(4.33-4.46)*+(4.86-4.46)%]/4}°° = 0.29

The lower and upper quality indexes are calculated as follows:

QL=(4.46-4.10)/0.29 = 1.24
Qu=(4.90 -4.46)/0.29 =1.52

The PWL values are obtained from Table 4 as follows:

PWLL =90.28
PWLy =96.58
PWLT=90.28 + 96.58 — 100 = 86.86% ~ 87%

This lot of HMA has 87% of the mix within the limits of the asphalt content. The data show that
even-though the average of the asphalt content is very close to the target value of 4.50%, the high
variability of the produced mix as represented by the standard deviation of 0.29 resulted in a low
percentage of the materials being within the specification limits.

2.5 Review of PWL Systems

This part of the report summarizes the findings of the review of some of the PWL systems that are
currently in use for HMA mixtures. Efforts were exerted to identify PWL systems that are being
applied by road agencies outside the U.S.; Europe, Japan, and Australia. This search did not
identify any applications of the PWL system in these regions. Following this finding, the review
focused on the application of the PWL system in SHAs within the U.S. The following eleven
PWL systems were reviewed and are summarized in this report:

Arizona
California
Colorado
Idaho
Kansas
Michigan
New Mexico
New York
Utah
Vermont
Washington

The review process consisted of identifying the following information from each of the eleven
systems:

Type of data used in PWL: QC, QA, or both
Definition of lot and sublot

Measured properties

Method used to determine overall PWL for a lot
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e Method used to determine pay adjustment for a lot
e Specifications limits

2.5.a Type of Data Used in PWL

Table 5 summarizes the type of data used in the PWL systems implemented by the eleven agencies.

Table 5. Type of Data used in PWL.

Agency QC Data QA Data Both QC and QA

Arizona X

California X X

Colorado X

Idaho X X

Kansas X

Michigan X X

New Mexico X X X
New York X X

Utah X

Vermont X

Washington X

Few of the reviewed PWL systems used different data sets for different applications. For example,
the California PWL system uses the QC data for asphalt content and the QA data for the in-place
compaction. The Idaho system uses both the QC and QA data for acceptance but only the QC data
are used for pay adjustment. The Michigan system uses the QC and QA data for acceptance but
only the QA data are used for pay adjustment. The New York system uses the QA data for pay
adjustment and QC and QA data for mix verification at the plant. Only the New Mexico system
fully uses both the QC and QA data sets.

Combining the summary shown in Table 5 and the additional information provided in the previous
paragraph indicates that the majority of the reviewed PWL systems use the QA data to establish
the percent within limits of the measured properties.

2.5.b Definition of Lot and Sublot

The size of lot and sublot vary significantly among the reviewed PWL systems as shown in
Table 6. The majority of the reviewed PWLs uses a lot size and sublot size that are consistent with
the AASHTO recommendation for the 19 mm mix. Arizona and Idaho use a production shift which
is typically a 1-day production unless contractor runs a continuous operation. Colorado combines
all produced mixtures into a continuous lot as long as none of the mixtures properties change which
require a change in the job mix formula (JMF).

It should be noted that the number of sublots per lot varies depending on the properties that the
agency measures which will be presented in the next section. A typical number of sublots per lot
for mix volumetrics and gradation is 4-5 while for compaction it can be as high as 10. The New
York PWL system is based on paved feet per day which is not consistent with the other systems.
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Table 6. Size of Lot and Sublot of HMA Mix.

Agency Size of Lot (Ton) Size of Sublot (Ton) Sublots/Lot
AASHTO R42: | >4000 <1000 4 or more
Mix >19mm
AASHTO R42: | >2400 <600 4 or more
Mix <12.5mm
Arizona single production shift | % production shift 4 for mixtures properties
1/10 production shift 10 for compaction
California 13500 - 15000 750 18 — 20
Colorado homogeneous material | 1000 for AC Unlimited
1-day for Va and VMA
2000 for gradation
500 for compaction
Idaho single production shift | 750 3 or more
Kansas 3000 750 4
Michigan 5000 1000 5
New Mexico 15000 3000 5
New York! 1-day paving in feet Y4 lot 4
Utah 1-day production Y4 lot for AC 4 for AC
Y4 lot for gradation 4 for gradation
1/5 lot for compaction 5 for compaction
Vermont 3000 for Va 500 for Va 6 for Va
1-day paving for 0.6 miles for Min 6 per day for
compaction compaction compaction
Washington 12000 800 15

I'size of lot and sublots is in feet

2.5.c Measured Properties

In general, the reviewed PWL systems use mix volumetrics, gradation, and compaction as
measured properties for PWL and pay adjustment. Table 7 summarizes the properties measured
by the various agencies. A review of the data presented in Table 7 leads to the following
observations:

e All of the reviewed systems use compaction for PWL calculations and pay adjustment. The
frequency of measurement varies significantly among the systems (i.e. 80 — 750 tons of
mix).

¢ Eight out of eleven systems use Va for PWL calculations and pay adjustment. Four out of
the eleven systems use both Va and VMA for PWL calculations and pay adjustment. The
frequency of measurement ranges from 1 per 500 tons to 1 per 1000 tons of mix.

e Seven out of the eleven systems use AC for both PWL calculations and pay adjustment.
The frequency of measurement varies from 1 per 500 tons to 1 per 1000 tons of mix.

12



¢ Five out of the eleven systems use gradation on multiple sieves for PWL calculations and
pay adjustment. The frequency of measurement varies from 4 per day to 1 per 2000 tons

of mix.
Table 7. Properties used for PWL and Pay Adjustment.
Agency Volumetrics Gradation AC Compaction
Property | Frequency | Property Frequency | Frequency | Frequency
Arizona Va 4 per shift | 3/8”, #8, #40, | 4 per shift | 4 per shift | 10 per shift
#200
California -- - 157, #8, #200 750 tons 750 tons 750 tons
Colorado -- - 3/8”, #4, 2000 tons 1000 tons | 500 tons
#8,#30,#200
Idaho Va, VMA | 750 tons -- -- - 750 tons
Kansas Va 750 tons -- -- -- 10 per shift
Michigan Va, VMA | 1000 tons | -- - 1000 tons | 250 tons
New Va, VMA | 750 tons -- -- 750 tons 750 tons
Mexico
New York | -- -- -- -- -- Y4 paving
length/day in
feet
Utah -- -- topsize, #8, 4 perday |4 perday |5 perday
#50, #200
Vermont Va 500 tons -- -- -- 0.6 miles of
paved lane
Washington | Va 800 tons topsize, #4, 800 tons 800 tons 80 tons
#8, #200

2.5.d Determination of Overall PWL and Pay Adjustment

The overall PWL and pay adjustment (PA) refer to the PWL and PA for the entire lot of HMA
mix. The following describes the methods used for determining the overall PWL and PA for the
reviewed systems.

® Arizona:
Individual PWL values are determined for gradation, AC, Va, and Compaction.
Using the calculated PWLs, the pay factor for each property is determined from

Table 8.

A single pay factor (PF) is determined for gradation and AC by selecting the lowest
of the determined PFs for these properties. Note: multiple PFs are determined for
gradation based on the individual sieves.

Pay adjustments are calculated as follows:

Mixture Pay Adjustment = (PFgradation&ac + PFva) x Lot Quantity (tons)

Compaction Pay Adjustment = (PFcompaction) X Lot Quantity (tons)
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= The following notes apply:
o Positive mixture properties lot pay factors reduces to zero when the

compaction lot is in reject and the material is allowed to be left in place.

o Positive compaction lot pay factors reduces to zero when the mixture
properties lot is in reject and the material is allowed to remain in place.

o For any mixture properties lot that is in reject due to asphalt content but
allowed to remain in place, payment will not be made for asphalt cement
quantities in excess of the Upper Limit.

Table 8. Pay Factors for the Arizona PWL System.
PWL | AC/ Gradation Va Compaction
100 $0.00 +$1.00 +$1.00
95-99 | $0.00 +$0.50 +$0.00
90-94 | $0.00 $0.00 $0.00
85-89 | $0.00 -$0.25 -$0.25
80-84 | -$0.25 -$0.50 -$0.50
75-79 | -$0.50 -$0.75 -$0.75
70-74 | -$0.75 -$1.00 -$1.00
65-69 | -$1.00 -$1.25 -$1.30
60-64 | -$1.50 -$1.50 -$1.75
55-59 | -$2.00 -$2.00 -$2.25
50-54 | -$2.50 -$2.50 -$3.00
<50 Reject

e (alifornia: the CA PWL system uses the percent defection (PD) in place of the PWL;
PD = PWL1+PWLy.
= Individual PD values are calculated for gradation, AC, and compaction.
= The calculated PD values are used in Table 9 to determine the PF which is labeled

as “Quality Factor” in the first column.
= Measured properties are assigned weights as shown below:

Property

AC

15 Gradation
#8 Gradation

Weight (%)
30

5

10

#200 gradation 15

Compaction

40
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Individual pay adjustments are determined for AC, gradation, and compaction as

follows:

AC Pay Adjustment = (PFgac — 1) x Lot Quantity(tons)xUnit Price x 0.30

12" Sieve Pay Adjustment = (PFi2» — 1) x Lot Quantity(tons)xUnit Price x 0.05

#8 Sieve Pay Adjustment = (PFx#s — 1) X Lot Quantity(tons)xUnit Price x 0.10
#200 Sieve Pay Adjustment = (PFu00 — 1)xLot Quantity(tons)xUnit Price x 0.15
Compaction Pay Adjustment = (PFcomp — 1)xLot Quantity(tons)xUnit Price x 0.40

Table 9. Pay Factors for the California System.

Quality Factors

Maximum Allowable Percent Defective (P + Pr)

Quality Sample Size (n)

Factor 5 6 7 8 9 10-11] 12-14| 15-17| 18-22| 23-25 | 30-42 | 43-66 | =66
1.05 0 0 0 0 0 0 0 0 0 0
1.04 0 1 3 5 4 4 4 3 3 3 3
1.03 0 2 4 6 8 7 7 6 5 5 4 4
1.02 1 3 6 9 11 10 9 8 7 7 & 6
1.01 0 2 5 8 11 13 12 11 10 9 8 8 7
1.00 22 20 18 17 16 15 14 13 12 11 10 9 8
0.9% 24 22 20 19 18 17 16 15 14 13 11 10 9
0.98 26 24 22 21 20 19 18 16 15 14 13 12 10
0.97 28 26 24 23 22 21 19 18 17 16 14 13 12
0.96 30 28 26 25 24 22 21 19 18 17 16 14 13
0.95 32 29 28 26 25 24 22 21 20 18 17 16 14
0.94 33 31 29 28 27 25 24 22 21 20 18 17 15
0.93 35 33 31 29 28 27 25 24 22 21 20 18 16
0.92 37 34 32 31 30 28 27 25 24 22 21 15 18
0.91 38 36 34 32 31 30 28 26 25 24 22 21 19
0.50 3% 37 35 34 33 31 25 28 26 25 23 22 20
0.8% 41 38 37 35 34 32 31 25 28 26 25 23 21
0.88 42 40 38 36 35 34 32 30 29 27 26 24 22
0.87 43 41 39 38 37 35 33 32 30 29 27 25 23
0.86 45 42 41 35 38 36 34 33 31 30 28 26 24
0.85 46 44 42 40 35 38 36 34 33 31 29 28 25
0.84 47 45 43 42 40 3% 37 35 34 32 30 25 27
0.83 49 46 44 43 42 40 38 36 35 33 31 30 28
0.82 30 47 46 44 43 41 35 38 36 34 33 31 29
0.81 51 45 47 45 44 42 41 39 37 36 34 32 30
0.80 52 50 48 46 45 44 42 40 38 37 35 33 31
0.7%9 534 51 49 48 46 45 43 41 35 38 36 34 32
0.78 55 52 50 49 48 46 44 42 41 39 37 35 33
0.77 56 54 52 50 45 47 45 43 42 40 38 36 34
0.76 57 55 53 51 50 48 46 44 43 41 39 37 35
0.75 58 56 54 52 51 49 47 46 44 42 40 38 36

60 57 35 53 52 51 48 47 45 43 41 40 37
61 58 36 55 53 52 50 48 46 44 43 41 38
Reject 62 59 37 36 54 53 51 49 47 45 44 42 39
63 61 58 57 55 54 52 50 48 47 45 43 40
64 62 60 58 57 55 53 51 45 48 46 44 41

Reject Values Greater Than Those Shown Above
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Colorado:

* Individual PWL values are determined for gradation, AC, compaction, and joint
density.

= Using the calculated PWLs, the pay factor for each property is determined from
Table 10 where the PWL is referred to as “QL”.

= A weighted average PF is calculated for each property based on the weight of lot
that is represented by the individual PF values.

= The pay adjustment for the entire project is calculated based on a composite pay
factor (CPF) and the following:
Project Pay Adjustment = (CPF — 1) x lot Quantity(tons) x Unit Price

The CPF is calculated based on the following weights:

Property Weight (%)
AC 25
Gradation 15

Compaction 45
Joint Density 15

Table 10. Pay Factors for the Colorado System.

Table 105-3
FORMULAS FOR CALCULATING PF BASED ON Pn
When Pn as shown at left is 3 to 9, or greater than
Pn 200, use designated formula below to calculate Pay Factor, Maximummn
PF = ...when Pn is 10 to 200, use formula (1) above: PF

3 031177 + 1.57878 (QL/100) - 0.84862 (QL/100)2 1.025

- 0.27890 + 1.51471 (QL/100) - 0.73553 (QL/100)2 1.030

5 0.25529 + 1.48268 (QL/100) - 0.67759 (QL/100)2 1.030

& 0.19468 + 1.56729 (QL/100) - 0.70239 (QL/100)2 1.035

7 0.16709 + 1.58245 (QL/100) - 0.68705 (QL/100)2 1.035

8 0.16394 + 1.55070 (QL/100) - 0.65270 (QL/100)2 1.040

9 0.11412 + 1.63532 (QL/100) - 0.68786 (QL/100)2 1.040
10 to 11 0.15344 +1.50104 (QL/100) - 0.58896 (QL/100)2 1.045
12 to 14 0.07278 + 1.64285 (QL/100) - 0.65033 (QL/100)2 1.045
15to 18 0.07826 + 1.55649 (QL/100) - 0.56616 (QL/100)2 1.050
19 to 25 0.09907 + 1.43088 (QL/100) - 0.45550 (QL/100)2 1.050
26 to 37 0.07373 + 1.41851 (QL/100) - 0.41777 (QL/100)2 1.055
38 to 69 0.10586 + 1.26473 (QL/100) - 0.29660 (QL/100)2 1.055
70 to 200| 021611 + 0.86111 (QL/100) 1.060
=201 0.15221 + 092171 (QL/100) 1.060
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e Idaho:

Individual PWL values are determined for Va, VMA, and compaction.
The PF for the Va is calculated as follows:

PFva = [55 + (0.5)PWL]/100

For VMA and compaction, the PFs are obtained from Table 11. Note: the Quality
Level in the table represents the PWL value.

Each of the PFs for Va and VMA is weighted 30% while the PF for compaction is
weighted 40%.The pay adjustment for the lot is calculated as follows:

Pay adjustment = [((PFva x 0.30) + (PFvma x 0.30) + (PFcompaction X 0.40))-1] xUnit
Price x Lot Quantity (tons)

Table 11. Pay Factors for the Idaho System.
Table 106.03-3

Pay Factors
Pay Factor for a given Sample Size(n) and Quality Level
Pav n=10 n=12 n=15
Faf’ n=3 n=4 n=5 n==6 n=7 n=_5 n=9 to to to
actor n=11 n=14 n=18
1.05 100 100 100 100 100 100 100 100 100 100
1.04 Q0 a1 Q2 03 03 03 04 04 05 05
1.03 80 85 87 88 80 20 01 01 02 03
1.02 75 80 83 85 86 87 88 g8 g0 a0
1.01 71 77 80 82 24 85 85 86 87 88
1.00 68 74 78 80 81 82 83 34 85 86
0.99 66 72 75 77 79 80 81 82 83 85
0.98 64 70 73 75 77 78 79 30 81 83
0.97 62 68 71 74 75 77 78 78 80 81
0.96 60 66 69 72 73 75 76 77 78 80
0.95 59 64 68 70 7 73 74 73 T 78
0.94 57 63 66 68 70 72 73 74 75 77
0.93 56 61 65 67 69 70 71 12 74 75
0.92 55 60 63 63 67 69 70 71 72 74
0.91 53 58 62 64 66 67 68 69 71 73
0.90 52 57 60 63 64 66 67 68 70 71
0.59 51 55 50 61 63 64 66 67 68 70
0.88 50 54 57 60 62 63 64 635 67 69
0.87 48 53 56 58 60 62 63 64 66 67
0.86 47 51 35 57 30 60 62 63 64 66
0.85 44 50 53 56 58 39 60 61 63 635
0.84 45 49 52 35 36 58 39 60 62 64
0.83 44 48 51 53 35 57 58 59 61 63
Note: Quality Level represents the PWL value
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e Kansas:
* Individual PWL values are determined for Va, and compaction.
= The calculated PWL values are used in the following equations to calculate the PFs:

PFva = [(PWLva. — 100) x 0.003] — 0.27
PFCompaction = (PWLC()mpaction X 0004) -0.36

= The pay adjustments are calculated as follows:

Va Pay Adjustment = PFv, x Lot Quantity(tons) x 40
Compaction Pay Adjustment = PFcompaction X Lot Quantity(tons) x 40

¢ Michigan:
= Individual PWL values are determined for Va, AC, VMA, and compaction.
= PF values are determined based on the following guidelines:
o If PWL id between 70 and 100: PF =55 +(0.5 x PWL)
o If PWL is between 50 and 70: PF=37.5+(0.75 x PWL)
o If PWL s less than 50, the Engineer may elect to do one of the following:

» Require removal and replacement of the entire lot with new QA
sampling and testing and repeat the evaluation procedure.

» Allow the lot to remain in place and apply an Overall Lot Pay Factor
of 50%.

» Allow submittal of a corrective action plan for the Engineer's
approval. The corrective action plan may include removal and
replacement of one or more sublots. If one or more sublots are
replaced, the sublot(s) will be retested and the Overall Lot Pay
Factor will be recalculated according to this special provision. If the
Engineer does not approve the plan for corrective action, actions (1)

or (2) above will be applied.

=  Weight factors are assigned to the various properties as shown below:

Property Weight (%)
AC 15
Va 30
VMA 15

Compaction 40
= Using the weight factors, the Overall Lot Pay Factor (OLPF) is calculated as follows:

= The lot pay adjustment is calculated as follows:
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e New Mexico:

Pay Adjustment = [(OLPF -100)/100] x Lot Quantity(tons) x Unit Price

= Individual PWL values are determined for Va, AC, VMA, and compaction.
= Pay factors are determined for each property from Table 12 using the calculated

PWLs for each property.
= Weight factors are assigned to the various properties as shown below:

Property

AC
Va
VMA

Compaction

Weight (%)

10

35

20

35

= Using the weight factors, the Composite Pay Factor (CPF) is calculated as follows:

CPF = (0.35 x PFcompaction) + (0.35 X PFva) + (0.10 x PFac) + (0.20 x PFvma)

= The lot pay adjustment is calculated as follows:

Pay Adjustment = (CPF -1) x Lot Quantity(tons) x Unit Price

Table 12. Pay Factors for the New Mexico System.

Table 901.7:2
Pay Factors

Minimum Required Percent of Work Within Specifications Limits for a Given Pay
Factor (Pu+PL) — 100

Nn=

10 12 18 67
Pay to to 15to to 23to 30to 43to to
factor |3 4 5 6 7 8 9 11 14 17 22 29 42 66
105 |[— — — i— i— 100100 i100{100i100 :100:100 100 100 100
104 |— — — — 100 99 97 95 96 96 96 97 97 97 97
103 |— — — 100 98 96 94 92 93 93 94 95 95 96 96
102 |— — — 99 97 94 91 89 90 91 92 93 93 94 94
1.01 |100 100 100 98 95 92 89 87 88 89 90 91 92 92 93
1.00 |89 75 78 80 82 83 84 85 86 87 88 89 90 91 92
099 |68 72 78 78 80 81 82 83 84 85 86 87 89 90 91
098 |s4 70 74 76 78 79 80 81 82 84 85 86 87 88 90
097 |63 68 72 74 76 77 78 79 81 82 83 B84 86 87 88
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New York:
= The PWL is determined for compaction.
= The PF is determined based on the following conditions:
o PWL>93 PF=1.05
o If the PWL < 93, the density data are grouped into Density Ranges (DR)
and a PF is assigned for each DR as shown in Table 13. The PWL for each
DR is calculated using the average and standard deviation of the entire data.
The PWL is multiplied by the corresponding PF to obtain the Quality
Adjustment Factor (QAF) for each DR.
o The sum of the QAFs is the overall pay factor. Sample calculations are
shown in Table 13.

= The lot pay adjustment is calculated as follows:

Pay Adjustment = [(QAF -100)/100] x Lot Quantity(tons) x Unit Price

Table 13. Pay Factors for the New York System.

Given Values Calculated Values
Density Range (DR) Pay Factor PWL for DR QAF for DR

DR < 88.0 0.00 0 0
88.0 < DR <89.0 0.60 0 0
89.0 < DR <90.0 0.70 0 0
90.0 < DR< 91.0 0.80 0 0
91.0<DR <92.0 0.90 11 9.90
92.0<DR<93.0 1.00 18 * 18.00
93.0<DR <96.0 1.05 53 55.65
96.0<DR <97.0 1.00 17 17.00
97.0<DR <98.0 0.90 1 0.90
98.0<DR <99.0 0.80 0 0

DR =99.0 0.00 0 0

X PWL =100 Y QAF =101.45 #*

Utah:
= Individual PWL values are determined for AC, gradations, and compaction.
= Pay factors are determined for each property from Table 14 using the calculated
PWLs for each property.
= The lowest PF determined for AC and gradations is selected to be used for pay
adjustment.
= The total pay adjustment will be the sum of the following two adjustments:

Pay Adjustmentac or Grad = (PFAc or Grad) X Lot Quantity(tons)
Pay AdjustmentCompaction = (PFC()mpacti()n) X LOt Quantlty(tOHS)
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Vermont:
= Individual PWL values are determined for Va, compaction, and roughness.
= Pay factors are calculated for each property using the following equations:

PFv. =[(0.28 x PWL + 75)/100] - 1.0

PFcompaction = = [(0.20 x PWL + 83)/100] — 1.0  for 85<PWL<100
PFcompaction = = [(0.20 x PWL + 83)/100] — 1.0 for 60<PWL<85

PFroughness = = (-.0029 x IRI + 1.15) — 1.0 for Limited Access Highways
PFroughness = = (-.0029 x IRI + 1.1786) — 1.0 for Other State Routes

= Since lot sizes are different, individual pay adjustments are calculated:
Pay Adjustment (Va) = PFva x Lot Quantity(tons) x Unit Price

Pay Adjustment (Compaction) = PEcompaction X Lot Quantity(tons) x Unit Price
Pay Adjustment (Roughness) = PFroughness X Lot Quantity(tons) x Unit Price

Table 14. Pay Factors for the Utah System.

% AC/Gradation and Compaction
PWL (based on an
average of minimum of 4 | PF ($/ ton)
samples)

>99 $1.50
96-99 $1.00
92-95 $0.60
88-91 $0.00
84-87 -$0.26
80-83 -$0.60
76-79 -$0.93
72-75 -$1.27
68-71 -$1.60
64-67 -$1.93
60-63 -$2.27
<60 Reject
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e  Washington:
= Individual PWL values are determined for Va, AC, gradations, and compaction.
= Pay factors are determined for each property.
= Table 15 using the calculated PWLs for each property.
= The PFs for the Va, AC, and gradations are assigned the following weights:

= A Composite Pay Factor (CPF) is calculated for gradations, Ac and Va as follows:

Pay Factors

Constituents Factor “f”’
All aggregate passing: 1.57, 17, 3%”, and #4 2

All aggregate passing #8 15

All aggregate passing #200 20

AC 40

Va 20

CPF = [LA(PF)I/f:

= Pay adjustments are calculated based on a split of 60% for gradation, Va, and AC and
40% for Compaction:

Pay Adjustmentgraq,ac,va= 0.60 X (CPFgrad,ac,va— 1) x Lot Quantity(tons) x Unit Price
Pay Adjustmentcompaction = 0.40 X (CPFcompaction— 1) X Lot Quantity(tons) x Unit Price

Table 15. Pay Factors for the Washington System.

PAY FACTOR Minimum Required Percent of Work Within Specification Limits fora Given Factor (P, + P,) = 100
n=10 | n=12 | n=156 | n=18 | n=23 | n=30 | n=43 | n=67

Category n=3 n=4 n=5 n=6 n=7 n=8 n=9 to to to to to to to to

n=11 | n=14 | n=17 | n=22 | n=29 | n=42 | n=66 ©
1.05 100 100 100 100 100 100 100 100 100 100
1.04 100 99 97 95 96 96 9% 97 97 97 97
1.03 100 98 9% 94 92 93 93 ex) 95 95 96 96
1.02 99 97 94 91 89 90 91 92 93 93 94 94
1.01 100 100 100 98 95 92 89 87 88 89 90 91 92 92 93
1.00 69 75 78 80 82 83 84 85 86 87 88 89 90 91 92
0.99 66 72 76 78 80 81 82 83 84 85 86 87 89 90 91
0.98 64 70 74 76 78 79 80 81 82 84 85 86 87 88 90
0.97 63 68 72 74 76 77 78 79 81 82 83 84 86 87 88
0.96 61 67 70 72 74 75 76 78 79 81 82 83 84 86 87
0.95 59 65 68 71 72 74 75 76 78 79 80 82 83 84 86
0.94 58 63 67 69 71 72 73 75 76 78 79 80 82 83 85
0.93 57 62 65 67 69 4 72 73 75 76 78 79 80 82 84
0.92 55 60 63 66 68 69 70 72 73 75 76 78 79 81 82
0.91 54 59 62 64 66 68 69 70 72 74 75 76 78 79 81
0.90 53 57 61 63 65 66 67 69 71 72 74 75 77 78 80
0.89 51 56 59 62 63 65 66 68 69 71 72 74 75 77 79
0.88 50 55 58 60 62 64 65 66 68 70 7 73 74 76 78
0.87 49 53 57 59 61 62 63 65 67 68 70 4! 73 75 77
0.86 48 52 55 58 59 61 62 64 66 67 69 70 72 74 76

Note: If he value o (P, + P) - 100 does not correspond to a (P, + P)) - 100 value in tis table, use the next smaller (P, + P,) - 100 value. (Continued)

0.85 46 51 54 56 58 60 61 62 64 66 67 69 71 72 75
0.84 45 49 53 55 57 58 60 61 63 65 66 68 70 71 73
0.83 44 48 51 54 56 57 58 60 62 64 65 67 69 70 72
0.82 43 47 50 53 54 56 57 59 61 62 64 66 67 69 71
0.81 41 46 49 51 53 55 5 58 59 61 63 64 66 68 70
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2.5.e Specification Limits

As summarized in Table 7, every SHA uses a set of mixture properties and field compaction in the
determination of PWLs and the pay adjustment. The specification limits for the identified mixtures
properties and field compaction vary among the various SHAs. Table 16 summarizes the limits for
the mixtures properties and field compaction used in the eleven PWL systems that were reviewed
and as required in the NDOT specifications. A review of the data summarized in Table 16 leads to
the following observations:

* In general, most of the reviewed specification limits on gradations are very similar.

e The majority of the specification limits on air voids are 3.0 to 5.0% while the NDOT
specification allows 4 to 7%.

e The NDOT specification on AC of +0.40 is within the range of other specifications.

e The NDOT specification on compaction of 92 to 96% is very consistent with other
specifications.

Table 16. Specification limits for properties used for PWL and Pay Adjustment.

Agency Volumetrics Gradation AC Compaction
Property LL | UL | Property LL (UL |LL UL LL UL
Arizona Va 2.0 [ +1.5]3/8” -6.0 | +6.0 | -0.5 +0.5 91% 96%
#8 -6.0 | +6.0
#40 5.0 | +5.0
#200 2.0 | +2.0
California -- 1y -6.0 | +6.0 [ -0.45 | +0.45 | 92% 96%
#8 -5.0 | +5.0
#200 2.0 | +2.0
Colorado - 3/8” -6.0 | +6.0 | -0.3 +0.3 92% 96%
#4, -5.0 [ +5.0
#8 -5.0 [ +5.0
#30 4.0 | +4.0
#200 2.0 | +2.0
Idaho Va 30 |50 - Cores | Cores
VMA 92% 95%
NMS*: 1.5 11 Nuc. Nuc.
NMS: 17 12 91 95.5%
NMS: 347 13
NMS:1/2” 14
NMS: 3/8” 15
Kansas Va 3.0 |5.0 - 92%
Michigan Va 30 |5.0 -- -04 +04 | 92%
VMA 14 16
New Mexico | Va -1.6 | +1.6 | -- -0.3 +0.3 92% 97%
VMA -1.6 | +1.6
New York - - 92% 97%
Utah -- Topsize -6.0 | +6.0 [ -0.35 | +0.35 |1 90.5% | 95.5%
#8 -5.0 [ +5.0
#50 3.0 | +3.0
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Agency Volumetrics Gradation AC Compaction
Property LL | UL | Property LL |UL |LL UL LL UL
#200 -2.0 | +2.0
Vermont Va 30 [5.0 -- 92.5% | 96.5%
Washington | Va 2.5 |55 | topsize -6.0 | +6.0 91%
#4 -5.0 | +5.0
#8 -4.0 | +4.0
#200 -2.0 | +2.0
Nevada Va 40 170 |=#4 -7.0 | +7.0 | -04 +04 | 92% 96%
#8 -4.0 | +4.0
#10 -4.0 | +4.0
#200 -2.0 | +2.0

*Nominal Maximum Size

2.6 Recommendations of Phase I

Based on the review of the eleven PWL systems and the comments received from NDOT and the
AGC, the following recommendations were made for the overall framework of the NDOT PWL
for dense graded HMA mixtures.

e Measured properties:

1.

2.
3.

Gradation on multiple sieves using calibrated ignition oven. The critical sieves will be
determined based on the analysis of field data presented in Chapter 3.

Asphalt Content using calibrated ignition oven.

In-place Density using nuclear gauge calibrated with cores.

e  Weight Factors: each of the measured properties will be assigned a weight factor based on
its relative contribution toward the long-term performance of the HMA pavement.

e Percent within Limit: a PWL value will be determined for each of the measured properties
for every sublot. An overall PWL will be determined for the entire lot using the appropriate
weight factors.

e Sublot and Lot sizes:

Size of Sublot: 1,000 tons of HMA mix or end of day whichever comes first for all
properties for the duration of the project. However, the size of the sublot for the
compaction (i.e., mat density) can range between 100 tons and 1,000 tons. Necessary
exceptions will be identified to accommodate construction activities.

Size of Lot: 5,000 tons of HMA or 5 sublots whichever comes first for asphalt binder
content and gradation and whatever the corresponding number of sublots for
compaction for the duration of the project. Necessary exceptions will be identified to
accommodate construction activities.

® The following assumptions will be implemented when assigning lot numbers:

A job mix revision is not allowed within a lot.
An interruption in production of more than one day is not allowed within a lot.
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CHAPTER 3. DEVELOPMENT OF THE PWL SPECIFICATION SYSTEM

Phase II was initiated to develop the Percent within Limits (PWL) specification system including
pay factors for dense graded HMA construction following the recommendation of Phase I and
taking into account NDOT and AGC comments and concerns. This chapter presents the following
components of the developed PWL system:

e (ollection of measured properties on selected dense graded HMA mixtures constructed by
NDOT over the past few years.
* Analyses of the collected data including: statistical analysis, definition of lot and sublot,
calculations of PWL values followed by the overall computed bonus or demerit that the
contractor would have incurred on each project.
® Development of the PWL software.

3.1 Data Collection

A summary of the nine NDOT contracts that were evaluated in this study is presented in Table 17.

Table 17. Nevada’s Contracts Considered in The Study.

Contract
3435 3466 3505
3339 3361 3383 3402 3431 3435 (RAP) (RAP) | (RAP)
County | Clark | Clark | Clark |Churchill| Pershing| Elko Elko Clark | Lyon
Gradation/AC
Plant
start 22-Feb-08 | 6-Jul-09 |30-Sep-09 |19-May-10| 26-Apr-11 | 23-Sep-11 | 25-May-11 | 4-Apr-12 |28-Sep-12
Plant
end 28-Apr-09 [21-Feb-10| 9-Jul-10 |11-Aug-10| 23-Jun-11 |13-Aug-12| 18-Sep-12 |13-Sep-12|15-Dec-12
Test 27 14 55 39 31 30 107 58 33
reports
In-place density
Start | 3-Mar-08 | 6-Jul-09 |30-Sep-09|19-May-10| 26-Apr-11 | 23-Sep-11 | 25-May-11 [22-Mar-12|28-Sep-12
End |17-Apr-09|8-Mar-10| 9-Jul-10 |11-Aug-10| 23-Jun-11 |13-Aug-12| 18-Sep-12 |13-Sep-12{15-Dec-12
Test 68 52 124 160 206 141 414 255 106
reports
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Figure 3 shows the tonnage production of the selected NDOT contracts. The production rates range
from 26,688 up to 119,918 tons representing small and large NDOT projects. The wide
distribution of the HMA tonnage among the nine contracts allows the assessment of the application
of the PWL system on small and large NDOT projects. In addition, the impact of project size on
the conformation of the measured properties with the limits of the JMF would be assessed to
identify any impact of project size on the quality of the work. In other words, would contractors
pay more attention to quality on large projects versus small projects which would necessitate the
implementation of a PWL system that takes into consideration the size of the project.

140,000 | | |
117,290 119,918

120,000

100,000 94,343

80,000 72,574
64,761

60,000 57,315

Production, tons

40,000 36,664 31379

26,688
20,000 - I I
0 -

3339 3361 3383 3402 3431 3435 3435 3466 3505
(RAP)  (RAP)  (RAP)

Contract

Figure 3. Total HMA production (in tons) for the selected NDOT contracts

Figure 4 shows the standard data collection form that NDOT uses to record the measured properties
on HMA mixtures during production: Daily Report of Asphalt Mixtures. Figure 5 shows the
standard data collection form that NDOT uses to record the measured properties of HMA mixtures
during construction: Nuclear Thin Layer Compaction Report. The combination of data from these
two reports covers all the properties that were recommended for inclusion in the NDOT PWL
System. The hard copies of the two forms were obtained from NDOT Construction Division for
all nine contracts and entered into Excel files in order to facilitate the data analyses.
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Figure 4. Daily Plant Report of Asphalt Mixtures (Contract No. 3505 RAP)
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3.2 Data Analyses and Results

Phase I recommended the following properties to be included in the PWL system:

1. Gradation using calibrated ignition oven
2. Asphalt Content using calibrated ignition oven
3. In-place Density using nuclear gauge calibrated with cores

The goals of the analyses of the data collected from the nine NDOT contracts are listed below:

e Examine the distribution of the measured properties against the limits of the JMF of each
contract.

® Assess the impact of project size on the conformation of the measured properties with the
JMF limits.

e Assess the impact of the presence of Reclaimed Asphalt Pavements (RAP) on the
conformation of the measured properties with the JMF limits.

® Assess the adequacy of the reported values, in terms of decimals, toward the calculations
of PWL parameters.

* In the case of gradations, identify the critical sieves to be included in the calculations of
the PWL parameters.

¢ [dentify the appropriate construction limits on the sizes of sublots and lots.

3.2.a Distribution of Measured Properties Against JMF

The purpose of this analysis is to compare the measured properties of the mixtures to the
specification limits of the project. Aggregate gradations, asphalt content (AC), and in-place
density were examined against their respective upper and lower JMF limits. Each individual
measurement was checked against its respective JMF limits (i.e. upper and lower limits). This was
followed by estimating the percentage of measured properties that violated the JMF limits relative
to the total number of measurements for each property within each contract. For example, Contract
3339 had a total of 41 measured aggregate gradations. For the percentage of aggregates passing
sieve size 3/4”, it was found that 6 data points out of a 41 were outside the JMF range. This was
translated into 15% violations ([6/41]*100) (Figure 6). Similarly, 11 measured asphalt content
data points out of 40 were outside the JMF resulting in 28% violations with respect to the asphalt
content specifications (Figure 7).

Table 18 summarizes the percent violations for all measured properties on gradation, AC and
compaction for all nine Contracts. Examination of the data in Table 18 indicates that the percent
of violations in the gradation and AC are significantly higher than the percent violations in the
compaction. The significantly lower percent violations in compaction can be attributed to the
following reasons:

e Compaction is controlled through a test strip which establishes the appropriate rolling
pattern to achieve the desired in-place density.

e The sampling rate for the compaction is much higher than for aggregate gradation and AC
which leads to a much larger sample size.
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Figure 6. Control chart for percentage of aggregates passing 34" sieve (Contract 3339)
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Figure 7. Control chart for asphalt content (Contract 3339)
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Table 18. Percentage of Observed Specification Violation.

Contract/Tonnage (ton)

3339/ | 3361/ | 3383 | 3402 | 3431/ | 3435 | 435 | 3466 1 3505
36,664 | 31371 | 64,761 | 94343 | 57315 | 26,688 | RAPV | (RAP) | (RAP)/ | Overall
117,290 | 119,918 | 72,574 | Mean
Sieve Percentage Violations (%) (%)
Gradation
1" 0 0 0 1 0 0 0 1 0 0
3/4" 15 21 6 8 18 7 7 3 10
12" 14 7 10 16 4 10 11 15 _ 10
3/8" 9 6 5 9 2 5 6 4 5 6
#4 14 6 3 17 0 9 4 3 4 7
#10 32 10 9 13 8 16 22 18 3 15
#40 2 4 0 0 0 5 1 8 0 2
#200 2 2 0 1 0 9 7 8 1 3
Specification Asphalt Content
OBC=0.40 28 20 6 4 | 2 ] 9 | 7 37 5 13
Specification Compaction (In-Place Density)
Individual <90% or >97% 0.0 0.4 0.0 0.4 0.0 32 2.5 0.0 0.9 0.8
Average <92% or >96% 0.0 0.0 1.4 0.0 0.0 13 3.3 0.0 0.0 2.0
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3.2.b Impact of Project Size and Presence of RAP

The selected nine NDOT Contracts spans over a wide range of mixture tonnage and incorporates
projects with and without RAP. Using this variations in projects characteristics the analysis can
assess the impact of project size and presence of RAP on the quality of the produced and
constructed asphalt mixtures.

In order to assess the impact of the project size on the quality of the produced and constructed
asphalt mixtures, the evaluated contracts were separated in two groups: contracts with less than
90,000 tons versus contracts with 90,000 tons or more.

Figure 8 compares the percent violations in aggregate gradations, AC, and compaction for the two
groups of project sizes. The whiskers represent the 95% Confidence Interval (CI). Overlapping
of the Cls for each measurement implies the similarity in the percentage of violations among the
two groups of contracts. Examination of the data in Figure 8 indicates that the size of the project
did not significantly impact the percent violations of the specification limits for aggregate
gradations, AC, and compaction. Therefore, it can be concluded that the size of the project did not
impact the quality of the produced and constructed asphalt mixtures.
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Contracts with total production less than 90,000 tons
[ Contracts with total production of 90,000 tons or more

Figure 8. Percentage of violations for contracts with total production less than 90,000 tons
versus contracts with total production of 90,000 tons or more

32



In order to assess the impact of the presence of RAP on the quality of the produced and constructed
asphalt mixtures, the evaluated contracts were separated in two groups: contracts without RAP
versus contracts with RAP.

Figure 9 compares the percent violations in aggregate gradations, AC, and compaction for the two
groups of contracts. The whiskers represent the 95% Confidence Interval (CI). Overlapping of
the CIs for each measurement implies the similarity in the percentage of violations among the two
groups of contracts. Examination of the data in Figure 9 indicates that the presence of RAP did
not significantly impact the percent violations of the specification limits for aggregate gradations,
AC, and compaction. Therefore, it can be concluded that the presence of RAP did not impact the
quality of the produced and constructed asphalt mixtures.
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Figure 9. Percentage of violations for contracts without RAP versus contracts with RAP

3.2.c Identify Critical Sieves on Aggregate Gradations

The recommendations from phase I indicated the need to include the gradation of the aggregate in
the calculations of PWL and pay factors. The next step is to identify the critical sieves that must
be monitored during the production process to generate the data necessary for the calculations of
PWL and pay factors. The following guidelines were followed in identifying the critical sieves:

e Multiple critical sieves must be identified in order to control the full shape of the gradation
curve.

e A critical sieve in the upper portion of the gradation curve must be identified to control the
coarse portion of the aggregates.
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The sieve #200 must be identified as a critical sieve due to the significant impact of the
materials passing sieve #200 on the performance and durability of asphalt mixtures.

One or two critical sieves in the middle portion of the gradation curve must be identified
to control the fine portion of the aggregates and to ensure the continuous shape of the
gradation curve.

Figure 10 presents the percentage violations on the various sieves for the nine NDOT Contracts.
Examination of the data presented in Figure 10 leads to the following observations:

Percentage Violations (%)
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Among the four top sieve sizes, the 1/2” sieve shows the most consistent and most
significant percent violations of the specifications. The 3/8” sieve should be used for Type
2 mixtures.

Among the middle sieve sizes, sieve #10 shows the most significant percent violations of
the specifications.
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Figure 10. Percentage violations in the aggregate sieve sizes.

Taking into consideration both the basis for selecting the critical sieves and the observations from
Figure 10, the following critical sieves were selected to be included in the PWL calculations and
pay factors:

Sieve 1/2” (3/8” for type 2 mixtures) to control the coarse portion of the aggregates.
Sieve #4 to control the fine portion of the aggregates.

Sieve #10 to control the shape of the aggregate gradation curve.

Sieve #200 to control the performance and durability of the asphalt mixture.
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3.2.d Adequacy of Measurements and Reported Data Values

The objective of this analysis is to identify the needed level of accuracy in the calculations of the
aggregate gradations, AC, and compaction. In other words, do the calculations need to be carried
out to three decimals (i.e. 0.001) or only one decimal is sufficient (i.e. 0.1). The importance of
this step lies in the fact that the PWL calculations are based on the determination of the average
and standard deviation of the measured values for aggregates gradations, AC, and compaction for
each lot of asphalt mixtures. In general, the higher the number of decimals, the better accuracy of
the calculated average and standard deviation. However, not all measurements requires
calculations to three decimals.

It should be noted that the number of decimals that must be carried during the calculations is one
higher than the number of decimals that can be reported. For example, in order to report a value
with two-decimals, the calculations of the value must be carried out to the three-decimals. In order
to assess the need for multiple decimals, sample calculations were conducted with variable number
of decimals. Table 19 summarizes the data for the following cases:

e Case 1: the calculations were made with one-decimal and the reported values were rounded
to no-decimal.

e (ase 2: the calculations were made with two-decimal and the reported values were rounded
to one-decimal.

e C(Case 3: the calculations were made with three-decimal and the reported values were
rounded to two-decimal.

For all three cases, the PWL values were calculated for the four critical sieves, AC, and
compaction. Examination of the data in Table 19 indicates the following:

e C(Case 1: the PWL values for Sieve #200 and AC could not be determined due to the fact
that all three measurements had the same values when rounded to no-decimal which
resulted in a standard deviation of “zero”. It is numerically impossible to calculate the PWL
value for a data set with a standard deviation of “zero”.

e (ase 2: the PWL values for all measures were determined. There are significant changes
in the PWL values for the sieve 1/2” and compaction when measurements are rounded to
one-decimal as compared to no-decimal.

e (ase 3: the PWL values for all measures were determined. There are no significant changes
in the PWL values when measurements are rounded to two-decimal as compared to one-
decimal.

Similar analyses were conducted on data from multiple contracts and led to similar findings. Based
on the analyses of the impact of decimals in measurements and reported values (i.e. rounding) for
gradation, AC, and compaction, the following recommendations are made:

1. Gradations on Sieves 1/2” (3/8” for Type 2), #4, #10, and #200 using calibrated ignition
oven measured with two-decimal (0.01) and rounded to the one-decimal (0.1).

2. Asphalt Content using calibrated ignition oven measured with two-decimal (0.01) and
rounded to the one-decimal (0.1).
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3. In-place Density using nuclear gauge calibrated with cores measured with two-decimal
(0.01) and rounded to the one-decimal (0.1).

Table 19. Impact of Decimals on the Calculated PWL Values.

Case 1: Measuring with one-decimal and reporting with no-decimal

Percentage passing, %

Date Lot Sublot | Report | 200 Mix 1 /4" 172" 3/g" #4 #10 #40 200 | Asphalt |Compaction,
Formula Content, % %
17-Sep12| 56 1 19¢ 6c 100 95 80 73 55 34 15 7 6 92
17-8ep12| 56 2 19 6c 100 93 77 72 55 33 15 7 6 93
17-Sep12| 56 3 19¢ 6c 100 9% 82 74 54 33 14 7 6 o1
PWL 80 100 100 50

Case 2: Measuring with two-decimal and reporting with one-decimal

Percentage passing, %

Date Lot Sublot | Report | 200 Mix 1 3/4" 172" 3/g" #4 #10 #40 #4200 | Asphalt |Compaction,
Formula Content, % %
17-Sep12| 56 1 19¢ 6c 100.0 95.0 79.9 73.0 55.1 33.4 15.0 6.9 5.9 91.6
17-8ep12| 56 2 19 6c 100.0 93.0 774 72.0 54.6 33.2 15.0 6.7 5.7 92.7
17-Sep12| 56 3 19¢ 6c 100.0 96.0 82.4 74.0 54.4 32.7 4.0 6.5 5.8 90.9
PWL 76 100 100 100 100 42

Case 3: Measuring with three-decimal and reporting with two-decimal

Percentage passing, %

Date Lot | Sublot | Report ;‘;?m'\ﬂ'lz 1 3/4" 172" 3/8" #4 #10 #40 #200 | (f\:;g:i“% C°m‘f,2°“°”’
17Sep12| 56 1 19¢ 6c 10000 | 9500 | 79.90 | 7300 | 5514 | 3340 | 1500 | 6.92 5.85 91.66
178ep12| 56 2 19¢ 6c 10000 | 93.00 | 77.06 | 72.00 | 5465 | 3319 | 15.00 | 6.66 5.72 92.73
178ep 12| 56 3 196 6c 10000 | 96.00 | 8244 | 7400 | 5438 | 3266 | 14.00 | 6.54 5.84 90.94

PWL 75 100 100 100 100 43

3.2.e Sizes and Construction Limits on Sublots and Lots

As part of the PWL system, the sizes of sublots and lots must be well defined in order to ensure
consistency in the implementation among the various projects. Typically, the sizes of sublots and
lots are defined in terms of tonnage of mixture being constructed. However, the implementation
of the recommended sizes of sublots and lots must accommodate actual construction activities on
every project. Therefore, additional guidance is needed in order to ensure that uniform materials
are being considered in each sublot and lot for every project.

The guidelines will set the practical limits of sublots and lots based on the actual construction
activities on a specific project. For example, when a change occurs to the job mix formula (JMF),
the sizes sublots and lots must be adjusted to accommodate this event. Another case that might
differentiate assigning sublots and lots is the number of days when construction activities are
interrupted. It is recommended that when production is interrupted by more than one day, the
sublots and lot must be terminated and their sizes adjusted accordingly. Based on these
considerations, the following guidelines are recommended for determining the sizes of sublots and
lots for the NDOT PWL system:

1. Size of Sublot: 1,000 tons of HMA mix or end of day whichever comes first for the asphalt
content and gradations for the duration of the project. The size of the sublot for the
compaction (i.e. in-place density) shall be controlled by the current NDOT sampling rate
which may generate compaction sublots as low as 100 tons. The following exceptions shall
be applied:
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a. When the amount of materials produced after the last full size sublot of a given day
is less than 500 tons, these materials should be added to the last sublot of the day.

b. When the amount of materials produced after the last full size sublot of a given day
is equal or more than 500 tons, these materials should be tested as a separate sublot.

2. Size of Lot: 5,000 tons of HMA or 5 sublots whichever comes first for asphalt binder

content and gradation and whatever the corresponding number of sublots for compaction
for the duration of the project. The following exceptions shall be applied:

a. When the number of sublots is less than 3 and the production of materials is
interrupted for more than one day or the JMF is changed, these materials cannot be
included in the PWL calculations.

b. When the number of sublots is 3 — 4 and the production of materials is interrupted
for more than one day or the JMF is changed, the size of lot should be reduced to
represent the actual number of sublots.

c. When the number of sublots exceeds 5 but less than 8 and the production of
materials is interrupted for more than one day or the JMF is changed, the size of lot
should be increased to accommodate the additional sublots.

Figure 11 presents the data from one of the evaluated NDOT Contracts. Figure 11 shows that IMF1
was used for the first week of production on Friday with a total production of 224 tons only. On
the following Monday, a new JMF2 was utilized and only 234 tons were produced. Production
was interrupted for two days and started again on Thursday under the same JMF2. A new JMF3
was utilized starting Friday of the same week. Under the conditions presented in Figure 12, the
following assignments of sublots and lots will be followed:

The 224 tons produced on Friday under JMF1 are too little to be considered as a single lot
and too far to be combined with the next lot on Monday (exception 2.a). Therefore, these
materials will not be included in the PWL calculations.

The 234 tons produced on Monday under JMF2 are too little to be considered as a single
lot and too far to be combined with the next lot on Thursday (exception 2.a). Therefore,
these materials will not be included in the PWL calculations.

The 4,769 tons produced on Thursday should be divided into 5 sublots with the fifth sublot
having 769 tons (exception 1.b) to constitute a single lot with 5 sublots.

The 4,271 tons produced on Friday should be divided into 4 sublots with the fourth sublot
having 1,271 tons (exception 1.a) to constitute a single lot with 4 sublots (exception 2.b).
These materials cannot be combined with the materials produced on Monday due to
existence of the two-day weekend where production was interrupted.

The 2,407 tons on Monday should be divided into 2 sublots with the second sublot having
1,407 tons (exception 1.a) and combined with the 3,041 tons produced on Tuesday divided
into 3 sublots with the third sublot having 1,041 tons (exception I.a) to constitute a single
lot with 5 sublots.

The 2,670 tons on Wednesday should be divided into 3 sublots with the third sublot having
670 tons (exception 1.b) and combined with the 1,968 tons produced on Thursday divided
into 2 sublots with the second sublot having 968 tons (exception 1.b) to constitute a single
lot with 5 sublots.

37



Production Tonnage

Week 1: Mon Tues Wed Sat Sun
Legend
(]
& JVF 1
S
'_
3 234
£ 0Sublots I:| JMF 3
=1 Pm———— .
Week 2: Mon Tues Wed Sat Sun ! ! Lot
g, 3041 4!
S 1) 2670
S m
[ |
g Sublots ; !
S 3 SUblots 1 4 3 Suplots
38 e
£ o 0
. .
1
Week 3: || _Mon _ _ _ Tues _1 :_ Wed _ _ _Thu _ Sat Sun

Figure 11. Continuity of production versus lot definition: Example 1

Figure 12 shows the data from another NDOT Contract where three different JMFs were utilized.
During the first week, the production under JMF1 was interrupted for two days while only a one-
day weekend was observed. Under the conditions presented in Figure 12, the following
assignments of sublots and lots will be followed:

The 2,356 tons produced on Tuesday should be divided into 2 sublots with the second
sublot having 1,356 tons (exception 1.a) and combined with the 1,960 tons produced on
Wednesday divided into 2 sublots with the second sublot having 960 tons (exception 1.b)
to constitute a single lot with 4 sublots (exception 2.b). These materials cannot be combined
with the materials produced on Saturday due to existence of the two days interruption in
production.

The 1,874 tons produced on Saturday should be divided into 2 sublots with the second
sublot having 874 tons (exception 1.b) and combined with the first three sublots (1,000 tons
each) from the 3,968 tons produced on Monday since the interruption was only for one day
to constitute a single lot with 5 sublots.

The remaining 968 tons produced on Monday should be assigned as a sublot (exception
1.h), combined with the three sublots from the 3,307 tons produced on Tuesday with the
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third sublot having 1,307 tons (exception 1.b) and three sublots from the 2,747 tons
produced on Wednesday with the third sublot having 747 tons (exception 1.b) to constitute
a single lot with 7 sublots (exception 2.c). Note that the additional 2 sublots produced on
Wednesday cannot be combined with the materials produced on Thursday due to the
change in the JMF.

The 1,315 tons produced on Thursday should be assigned as a sublot (exception 1.b),
combined with 3 sublots from the 2,825 tons produced on Friday with the third sublot
having 825 tons (exception 1.b) and two sublots from the 2,437 tons produced on Saturday
with the second sublot having 1,437 tons (exception 1.a) to constitute a single lot with 6
sublots (exception 2.c). Note that the additional sublot produced on Saturday cannot be
combined with the materials produced on Monday due to a change in the JMF.

The 3,639 tons produced on Monday should be divided into 4 sublots with the fourth sublot
having 639 tons (exception 1.b) combined with the 2 sublots from the 2,337 tons produced
on Tuesday with the second sublot having 1,337 (exception 1.a) to constitute a single lot
with 6 sublots.
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Figure 12. Continuity of production versus lot definition: Example 2
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3.3 Determination of Weight Factors

The final step in the development of the PWL system is to identify the weight factors for the
identified critical sieves, AC, and compaction. This step is divided into parts: 1) determining the
weight factors for each critical sieve within the aggregate gradations and 2) determining the weight
factors for aggregate gradations, AC, and compaction. The following principles apply for
determining the weigh factors for both parts:

The weight factor should reflect the relative contribution of the individual measure.
¢ The sum of the weight factors should be 100.

3.3.a. Part 1: Weight Factors for Critical Sieves

The weight factors for each of the critical sieves are required for the calculation of the PWL value
for gradation and were selected as follows.

Gradation on Sieve 1/2”: 10% (Sieve 3/8” for Type 2)
Gradation on Sieve #4: 35%
Gradation on Sieve #10: 35%
Gradation on Sieve #200: 20%

Higher and equal weight factors were assigned to the #4 and #10 sieves. This is mainly due to the
following reasons: (1) The two sieves highly control the overall shape of the aggregate gradation;
(2) For a given mix, the largest number of violations was generally observed on the #10 sieve; and
(3) The observed increased variability in the percent passing #4 and #10 sieves during production.
The PWL value for the aggregate gradation is then determined using the weight factors for each
of the critical sieves as follows.

PWLGradation = 0.10 X PWLy2or 3/8 inch + 0.35 X PWL# + 0.35 x PWL#9 + 0.20 x PWL#200

3.3.b. Part 2: Weight Factors for Gradations, AC, and Compaction

A performance related approach was followed to determine the weight factors for aggregate
gradations, AC, and compaction. The approach makes use of the findings from a study conducted
by Sebaaly and Bazi (4) in 2005 to evaluate the impact of construction variability in aggregate
gradation, asphalt binder content, and air-voids, on the performance of HMA pavements. The
performance of HMA pavements was measured in terms of their resistance to rutting, fatigue
cracking, and thermal cracking using advanced laboratory testing techniques. Materials were
selected to cover common sources used in northern and southern Nevada and typical mix designs.

Two aggregate sources were identified, one source in northern Nevada (Lockwood) and one source
in southern Nevada (Sloan). The study was conducted in two phases. In Phase I, unmodified AC-
20 binder from Paramount Petroleum Company and AC-30 binder from Koch Performance
Asphalt were used with the north and south aggregates, respectively. In Phase II, polymer-
modified PG64-28NV binder from Paramount Petroleum Company and PG76-22NV binder from
Koch Performance Asphalt were used with the north and south aggregates, respectively. The
findings from the Phase II were used in this study to determine the performance related weight
factors for the various properties.
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A total of four sources of variability in a given HMA mix were evaluated: gradation on #4 sieve,
gradation on #200 sieve, asphalt binder content, and air-voids (Table 20). Each variability source
was simulated at three levels of: Low, medium, and high. The “medium” level represents the job
mix formula (JMF) value (i.e. control mixture) while the “low” represents below the JMF level
and the “high” represents above the JMF level.

Table 20. Sources of Variability and Violation Levels Considered in the Impact of
Construction Variability Study.

Sources of Allowable range Violation Levels
variability (NDOT Specs)
% P +7% +10% L, M, and H
% Pu200 +2% +4% M and H!
% AC +0.4% dwa +0.6% dwa L, M, and H
% AV 4108 % 3to 11 % L, M, and H

! the below JMF level (i.e., L) was not evaluated since no violation was observed.

The impacts of construction variability on the performance of the HMA laboratory mixtures were
measured using the Asphalt Pavement Analyzer (APA) for rutting resistance, the flexural beam
fatigue for fatigue cracking resistance, and the thermal stress restrained specimen test (TSRST) for
the low temperature cracking resistance (TSRST was conducted on northern mixtures only). Table
21 summarizes the effect of the single factor violations on the performance of the evaluated
mixtures. All presented trends are based on the statistical significance relative to the control
mixture at the JMF values.

The information in Table 21 was used to develop the performance related weight factors for
aggregate gradation, AC, and compaction using the following steps. The associated calculations
are summarized in Tables 22 and 23 for the northern and southern mixtures, respectively.

® Assign a representative weight factor (WF) to each of the considered distresses according
to the historical performance of HMA pavements in Nevada. Consequently, since fatigue
and thermal cracking are more prone to occur in northern Nevada while rutting is more
prone in the southern part of the state the following weight factors were selected for the
considered type of distresses.
o Northern Nevada: 40% for rutting, 30% for fatigue, and 30% for thermal cracking
(total of 60% for cracking)
o Southern Nevada: 60% for rutting and 40% for fatigue cracking.
¢ Determine the percent of incidence when the violation resulted in a positive (i.e. increase
in performance) or negative (i.e. reduction in performance) effect on the resistance of the
mixture to a specific type of distress. A zero value is assigned when no significant effect
for the violation was observed on the mixture property. For example, in the case of the
northern mixtures, two out of the three violations in aggregate gradation resulted in a
reduction of the mixture resistance to fatigue cracking. Hence, the percent of incident to
have a positive and a negative effect is 1/3 x 100 = 33 and 2/3 x 100 = 67, respectively.
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e Calculate the overall weighted percent of incidence for the negative effect by multiplying
the individual percent of incidence by the corresponding weight factor for each of the

distresses.

e (alculate the weight factor for each property by dividing the overall weighted percent of
negative incidence for a given property by the total sum of the overall weighted percent of
negative incidences for all properties. For example, in the case of the northern mixtures,
the performance related weight factor for gradation is equal to 20.1/90.1 x 100 = 22.3%.

Accordingly, the following performance related weight factors were determined for each of the

properties.

e Northern mixtures:

o Gradation:

o Asphalt Binder Content:
o Compaction (i.e., Mat Density):

Southern mixtures:

o Gradation:

o Asphalt Binder Content:
o Compaction (i.e., Mat Density):

22.3%
33.3%
44.4%

26.7%
33.3%
40.0%

Table 21. Effect of the Single Factor Violations on the Performance of Polymer-Modified

Asphalt Mixtures.’
Northern Nevada Mixtures Southern Nevada Mixture’
Si\rllgle Eactor Rutting Fatigue Therrpal Rutting Fatigpe
10lations ! Cracking Cracking ! Cracking
Resistance . . Resistance .
Resistance | Resistance Resistance
Low on # 4-Sieve “ J © & J
High on # 4-Sieve o T = T J
High on # 200-Sieve o | o o 2
Low on Percent AC PN J J T J
High on Percent AC > T & J Not Tested
Low on Percent AV Impractical’
High on Percent AV 2 | Not Tested ‘ Not Tested | J ‘ Not Tested

! Statistical significance relative to the control mixture (i.e., at the JMF values): “>” no significant effect
to the violation on the mixture resistance; “J” significant reduction in the mixture resistance as a result of
violation; “ significant increase in the mixture resistance as a result of violation.
? The resistance of southern mixtures to thermal cracking was not evaluated.

¥ The HMA mixture that is low on the air-voids, and meeting the specification limits on the #4 and #200
sieves, and on the binder content was considered impractical because of the observed high compaction
effort required to reach the 3% air-void level.
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Table 22. Performance Related Weight Factors for Northern Mixtures.

Rutting Fatlgl.le Thern.lal Overall

(Wi = 40%) Cracking Cracking Weighted Perf.
Property Wrc=30%) | (Wrc=30%) Percent of Related
Percent of Incidence Incidence Weight

(P = Positive Effect; N = Negative Effect) Factor

P N P N P N P N

Gradation 0 0 33 67 0 0 99 | 20.1 | 22.3%
AC 0 0 50 50 0 50 15.0 | 30.0 | 33.3%

Compaction 0 100 0 0 0 0 0.0 | 40.0 | 44.4%
Sum 24.9 | 90.1 | 100.0%

Table 23. Performance Related Weight Factors for Southern Mixtures
Rutting Fatlgye Thern.lal Overall

(Wr = 60%) Cracking Cracking Weighted Perf.
Property Wrc=40%) Wrc=0%) Percent of Related
Percent of Incidence Incidence Weight

(P = Positive Effect; N = Negative Effect) Factor

P N P N P | N P N

Gradation 33 0 0 100 Not 19.8 | 40.0 | 26.7%

AC 50 50 0 50 Applicable 30.0 | 50.0 | 33.3%

Compaction 0 100 0 0 0.0 | 60.0 | 40.0%
Sum 49.8 | 150.0 | 100.0%

For both, the northern and southern mixtures, the highest weight factor was for the compaction,
followed by the asphalt binder content, then the gradation. The determined weight factors for the
northern and southern mixtures were relatively similar for each of the properties. Therefore, the

average values for the weight factors were calculated and recommended for the State of Nevada
as follows:

e Gradation: 25%
® Asphalt Binder Content: 33%
e Compaction (i.e., Mat Density): 42%

The overall PWL value for each lot shall be determined from the individual PWL values for
aggregate gradation, AC, and compaction using the following equation.

PWLOverall = 0.25 X PWLGradation + 0.33 X PWLAC + 0.42 X PWLCompaction
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3.4 Applications of the AASHTO Pay Factors

The objective of this analysis was to apply the current AASHTO Pay Factor (PF) recommendation
shown below with the recommended PWL calculations on the data from the nine NDOT Contracts.

PF =55 + (0.5 x PWL)

The AASHTO PF assumes a 100% pay will be provided to the contractor at a PWL of 90% while
the maximum pay will be at 105%. Figure 13 illustrates the calculated pay factors for all collected
nine NDOT Contracts.

The following steps were completed using the data from each of the nine NDOT Contracts:
e [dentify the sublots and lots.
¢ For each lot, calculate the individual PWL values for gradations, AC and Compaction.
e For each lot, calculate the overall PWL value using the weight factors for gradations, AC,
and Compaction as shown in Figure 13.
® For each lot, calculate the Pay Factor following the AASHTO recommendation as shown
in Figure 14.

Based on the calculated PF for each lot, the overall computed bonus or demerit that the contractor
incurred along the duration of the project can be calculated according to the following equation:

PF —100

PWL bonus or demerit = BETT I tonnage amount per lot = cost of each ton

For example, the computed individual bonus and demerit for the 45 lots in contract 3466 (RAP) is
presented in Figure 15. It can be noticed that six lots (1,9, 17, 23, 31, and 32) had high performance
(PWL >100) resulting in considerable bonus that ranged from $1,088.85 (lot number 9) to
$8,542.79 (lot number 31). On the other hand, three lots (21, 22, 37) had low performance
(100<PWL<70) resulting in associated demerit costs that ranged from $1,989.81 (lot number 22)
to $11,417.12 (lot number 21). In addition, Figure 16 shows the accumulated bonuses and demerits
along the entire duration for contract 3466 (RAP). The data in Figure 16 indicate that a total of
accumulated bonus of $3,641.17 was achieved by the end of the project. Note that the lots that had
a PWL less than 70 are not considered in the PWL bonus/demerit analysis and are marked as
rejected lots.
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CHAPTER 4. IMPLEMENTATION OF THE PWL SYSTEM

4.1 Implementation Plan

Phase III of the project calls for the implementation of the developed PWL system on NDOT
projects. The following implementation plan will be followed:

The PWL System will be implemented under the following conditions:
= Dense graded asphalt mixtures.

= Projects larger than 25,000 tons.

=  Mixtures constructed on main-lines.

Year 2014: The PWL System will be applied on pilot projects, however the pay factors
will not be implemented.

Year 2015: The 100% pay will be provided at an overall PWL of 70. The maximum pay

factor is fixed at 105%. The following payment procedure will be used:

= If PWL for any of the measured properties (i.e. Gradations, AC, Compaction) is less
than 50, the lot is considered rejected.

»  For 50 £ PWLoveran1 < 80, PF = 65 + 0.5(PW Loyerair)

= For PWLoveran > 80, PF = 105%

For example: PF at (PWLoveran = 100) = 105%
PF at (PWLO\/emll = 80) =105%
PF at (PWLoverau = 70) = 100%
PF at (PWLO\/emll = 50) =90%

Year 2016: The 100% pay will be provided at an overall PWL of 80. The maximum pay

factor is fixed at 105%. The following payment procedure will be used:

= If PWL for any of the measured properties (i.e. Gradations, AC, Compaction) is less
than 60, the lot is considered rejected.

»  For 60 < PWLoveran £ 90, PF = 60 + 0.5(PWLyyerai)

= For PWLoverati > 90, PF = 105%

For example: PF at (PWLoveran = 100) = 105%
PF at (PWLOverall = 90) =105%
PF at (PWLO\/emll = 80) =100%
PF at (PWLoveran = 60) = 90%

Year 2017: The 100% pay will be provided at an overall PWL of 90. The maximum pay

factor is fixed at 105%. The following payment procedure will be used:

= If PWL for any of the measured properties (i.e. Gradation, AC, Compaction) is less
than 70, the lot is considered rejected.

»  For PWLovera1 2 90, PF = 55 + 0.5(PW Loyerair)

For example: PF at (PWLoveran = 100) = 105%
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PF at (PWLOverall = 70) = 90%

® Once the PWL system is fully implemented, a lot is considered rejected if the calculated
PWL for any of the measured properties (i.e. Gradations, AC, Compaction) is less than
70.

e (Currently all JMFs must match the broadband specification ranges for aggregate
gradations. These specification ranges are the minimum and maximum numbers allowed
when establishing the job-mix operational range for the combined percent passing targets.
The job-mix operational range must be within the broadband specifications. NDOT will
reassess this process and make a recommendation whether the full range on the individual
sieves will be allowed regardless of the broadband specification.

e The accuracy of the ignition oven for the measurements of asphalt content and aggregate
gradations shall be evaluated on each project and the necessary actions shall be taken as
shown below:

» If a constant off-set is occurring between the ignition oven data and the JMF but the
Va, VMA, Stability, TS, and TSR are within the specification, then the PWL shall be
adjusted accordingly.

> If a constant off-set is occurring between the ignition oven data and the JMF but any
of the Va, VMA, Stability, TS, and TSR are outside the specification, then a new mix
design shall be conducted.

4.2 PWL Software

The developed PWL System for Dense Graded Mixtures has been incorporated into a Microsoft
Excel software. The developed PWL Software consists of a user-friendly spreadsheet along with
a User Manual. The PWL Software incorporates all parts of the NDOT PWL system including:
critical measures on gradations, AC, and compaction, determination of subolts and Iots,
calculations of individual PWL values and overall the PWL value for each lot, determination of
pay factors and calculations of bonuses and demerits for each lot and for the entire project.

REFRENCES
1. Schmitt, R.L., Russell, J.S., Hanna, A.S., Bahia, H.U., and Jung, G.S., “Summary of
Current Quality Control/Quality Assurance Practices for Hot-Mix Asphalt Concrete,”
Transportation Research Record 1632, Transportation Research Board, Washington, DC,
1998.

2. “Glossary of Highway Quality Assurance Terms,” Transportation Research Circular N.
E-C037, Transportation Research Board, Washington, DC, 2002.

3. Weed, R.M., “Quality Assurance Software for the Personal Computers,” Publication No.
FHWA-SA-96-026, Federal Highway Administration, Washington, DC, May 1996.

4. Sebaaly, P. E., and Bazi, G., “Impact of Construction Variability on Pavement

Performance.” Research Report No. 13DN-2, Nevada Department of Transportation,
Construction Division, December 2005.

49



Nevada Department of Transportation
Rudy Malfabon, P.E. Director
Ken Chambers, Research Division Chief
(775) 888-7220
kchambers@dot.nv.gov
1263 South Stewart Street
Carson City, Nevada 89712




	206-10-803 Final Report - Cover Page
	Final Report - Disclaimer - Behind Cover Page
	206-10-803 Final Report
	Final Report - Back Cover

