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ABSTRACT

This report describes a study conducted at the University of Wyoming by Dr. Khaled Ksaibati, Associate
Professor of Civil Engineering, and Nathan Butts, graduate student of Civil Engineering. In this study,
the researchers evaluated the effectiveness of quality control/quality assurance (QC/QA) specificationsin
decreasing hot mix asphalt (HMA) variability. A questionnaire was written to gather general information
about the QC/QA specification programs that are being used in the United States, and an evaluation of the
effectiveness of the QC/QA specification being used by the Wyoming Department of Transportation
(WYDOQOT) in decreasing HMA variability was conducted as a case study.

Khaled Ksaibati and Nathan Butts
University of Wyoming
Laramie, Wyoming
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1. INTRODUCTION

1.1 Background

In recent years, many of the state highway agencies (SHAS) have implemented the use of a quality
control/quality assurance (QC/QA) specification for construction of asphalt pavements. The Wyoming
Department of Transportation (WYDOT) implemented their QC/QA specification in 1997. The
implementation of this specification is part of an effort to improve roadways in a cost efficient manner.
QCI/QA specifications are expected to increase the quality of asphalt pavements being constructed in both
the performance and the life of the pavement. This is accomplished with constant sampling and testing
throughout the production and placement of the hot mix asphalt (HMA). The idea is that constant
monitoring throughout production and placement of the HMA will allow for quick detection and response
to HMA that is out of specification. Thistesting is part of quality control, which is the responsibility of
the contractor. With QC/QA, the contractor is responsible for the quality of the HMA being produced.
The SHA is responsible for quality assurance and acceptance of the product being produced. Thisis the
result of a shift in responsibility for quality that occurs with the implementation of a QC/QA
specification. Before the use of QC/QA specifications, materials and methods specifications were
commonly used. With this type of specification, the SHA was fully responsible for the quality of the
pavements being produced as long as the contractor followed the specification.

1.2 Problem Statement

The promise of using a QC/QA specification is that a less variable HMA will be produced with constant
control throughout production and placement operations. This reduction in variability decreases the cost
of the pavement over time through better performance and longer service life. Implementing a QC/QA
specification, also increases cost. This cost is associated with the increased amount of testing required by
the contractor. Due to the recent implementation, the benefits of using QC/QA specification have yet to
be fully determined. It isimportant to determine the impacts that QC/QA specifications are having on the
asphalts pavements being constructed.

1.3 Objectives of Research

Improved performance and longer pavement life are the expected long-term results of using a QC/QA
specification, the direct result of decreased variability about the mixture design of the HMA that is
produced and placed. The main objective of this research is to evaluate the effectiveness of the QC/QA
specification in decreasing HMA variability in an effort to measure the impact of using QC/QA
specifications. WYDOT’s QC/QA specification will be used as a case study.

A QC/QA specification is a small part of a quality assurance program. Also, a QC/QA specification in
itself is a very general concept. As a result, there is a lot of room for variations within the quality
assurance program, and within the specification itself that could drastically affect the performance of a
QCI/QA specification. Hence, it is necessary to have at least a basic understanding of all the QC/QA
specifications that are being used. A questionnaire was written and distributed to the 50 different states to
gather the appropriate information. The gathering of this information is a secondary objective of this
research.



1.4 Report Organization

Chapter 2 of this report reviews the literature associated with QC/QA specifications. This chapter
includes a definition of QC/QA specification, a review of HMA characterization, a summary of
WYDOT's QC/QA specification, and a discussion of previous studies that have been conducted to
evaluate QC/QA specifications. Chapter 3 discusses in detail the QC/QA asphalt pavement questionnaire
distributed to the 50 states. A summary of the results of this questionnaire and a more detailed description
of the Region 8 SHAs is presented. Chapter 4 describes the data collection process and the consistency of
the set of data collected from WY DOT to eva uate the effectiveness of WYDOT’s QC/QA specification
in decreasing HMA variability. Chapter 5 consists of the statistical analysis that was performed on the
data set collected from WYDOT. Chapter 6 summarizes the tasks and conclusions of this study, and
presents recommendations for future research.



2. LITERATURE REVIEW

2.1 Introduction

Construction of quality pavements in a cost-effective manner has always been the goal of the SHAs. In an
effort to improve construction of asphat pavements, many SHAs have recently adopted the use of
statistically based QC/QA specifications, which are also known as quality assurance specifications (TRB,
1999). A QC/QA specification is meant to promote the construction of better performing and longer
lasting roadways by decreasing HMA variability throughout the production and placement operations.

Quality assurance specifications are specifications that combine elements of end-result specifications and
material-and-methods specifications (TRB, 1999). Patel, et a. (1997) write, “As with end-result
specifications, the Contractor is responsible for quality control and the highway agency is responsible for
acceptance of the product” (p. 66). Before the use of QC/QA specifications, materials and methods
specification was common practice among the many SHAs. With materials and methods specifications,
the SHA was fully responsible for the final quality of the pavement produced as long as the contractor
fulfilled the requirements of the specification. The use of materials and methods specifications was very
successful for many years, but changes in the pavement construction industry demanded improvement.
The QC/QA specification accommodated these changes by shifting the responsibility for quality control
from the SHA to the contractor. QC/QA specifications improve contractor-state relations, stimulate
contractor innovation and competition, and most of al improve the quality of pavements constructed
under its use.

This chapter is meant to provide a wide understanding of QC/QA specifications. To begin, QC/QA
specifications are defined and contrasted with other types of construction specifications. Next, HMA
characteristics are reviewed. This is followed by a summary of quality assurance program components
and an examination of their effects on the performance of a QC/QA specification. WYDOT’s QC/QA
specification program is then outlined. The chapter ends with a presentation of evaluations that were
previously performed on QC/QA specification programs, and a discussion of the conclusions of those
evaluations.

2.2 Asphalt Pavement Construction Specifications
2.2.1 Overview

Transportation Research Board Committee A2F03 (1999) classifies construction specifications in the
following manner: “Highway construction specifications may be classified according to (1) who is
responsible for the quality of construction, (1) the type of sampling employed, and (l11) the relationship
between quality criteria and constructed product performance” (p. 14). Materials and methods, QC/QA,
and end result specifications are the three types of specification commonly described when discussing
who is responsible for the quality of construction. QC/QA may describe who is responsible for the quality
of construction, but it does not describe how the quality is to be controlled, or how the quality of the final
product is to be measured and weighed. Therefore, all QC/QA specification programs may have the same
basic elements, but there are many variations in supporting specifications, creating many different
QC/QA specification programs. Statistical, performance-related, performance-based, and performance
specifications are the some of the supporting specifications that are bound to vary drastically among the
different SHA programs. The type of sampling that isto be done and the relation to performance classifies
these specifications (TRB, 1999). Patel et a. (1997) write, “Specification development is by nature an
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evolutionary process’ (p. 66). All SHAs are unique and require a unique specification that will fit their
situation at a given time. The changes that do occur in specification are usually ow and are motivated by
the desire to achieve a high quality result at reasonable costs (Solaimanian, Kennedy, and Elmore, 1997).

2.2.2 Materials and Methods Specifications

TRB (1999) writes, “Materials and methods specifications, also called method specifications, recipe
specifications, or prescriptive specifications are specifications that direct the contractor to use specified
materials in definite proportions and specific types of equipment and methods to place the materia” (p.
13). Inthe way of responsibility for the quality of construction, materials and methods specifications has
zero-percent Contractor responsibility and 100 percent SHA responsibility. This type of specification has
been used for many years by SHAs to control quality (Benson, 1995). However, changes in the pavement
construction industry demanded a move away from this type of specification. There are many changes,
but there are three in particular. First, the burden for quality control and inspection, both labor-intensive
activities, was in the hand of the SHA (FHWA, 2001). The full-time presence of experienced field
personnel was required to properly enforce a materials and methods specification (Benson, 1995). This
proved to be no problem when there was a large, experienced staff, but SHASs are losing manpower at an
unprecedented rate and are finding it harder to meet this demand (FHWA, 2001; Patel et al., 1997).
Second, materials and methods specifications require a representative of the highway agency to direct
each step. The SHA tended to be obligated to accept the completed work regardless of quality (TRB,
1999; Willenbrock and Marcin, 1978). Method specifications do not stand up well to legal challenges
when projects fail and the parties involved cannot resolve their differences (Willenbrock and Marcin,
1978). The FHWA (2001) writes, “The Contractors invariably win in court when they assert the method
specification was followed and the materials still failed.” Third, the growing public demand for better-
quality roadways indicates that alternative methods for effectively constructing and maintaining state
roads need to be considered (Patel et al, 1997).

2.2.3 End Result Specifications

End result specifications are the opposite of methods and materials specifications in many ways. End
result specifications are based on properties indicative of potential pavement performance, which place
the responsibility for the quality of construction on the contractor (Emery, 1995). The SHA's
responsibility is to accept or reject the final product or to apply a penalty system that accounts for the
degree of noncompliance with the specifications (TRB, 1999; Willenbrock and Marcin, 1978).
Willenbrock and Marcin (1978) write, “ Thistype of specification places no restrictions on the materialsto
be used or the methods of incorporating them into the completed product” (p. 8). Unlike materials and
methods specifications, end result specifications involve the contracting community more directly in the
control of the product quality by making contractors responsible for achieving quality and letting them
decide how to do it (Benson, 1999; Benson, 1995). Benson (1995) writes, “Using this type of
specification makes sense from economic as well as contractual standpoints. Contractors are in a better
position to manage the day-to-day quality of their product because of their direct involvement with
suppliers and subcontractors and their direct control over construction activities’ (p. 3). He (1995) also
writes, “This type of specification allows the contractor to experiment with new construction methods and
will do so if it offers the possibility of a competitive advantage. The overall result is, theoretically, a high-
quality product that meets design expectations’ (p. 3).



2.2.4 QC/QA Specifications

Also called a quality assurance specification, a QC/QA specification is a combination of end result
specifications and materials and methods specifications (TRB, 1999). The contractor is fully responsible
for controlling the quality of the work, and the state’ s responsibility is to ensure that the quality achieved
is adequate to meet the specification bid (Benson, 1999). Benson (1999) writes, “The promise of QC/QA
is that better quality can be achieved by alowing the contractor more direct control over his or her
operation. In theory, control of work is more efficient when the control function is fully integrated into
the contractor’s operation” (p. 89). Through constant testing and monitoring, feedback is instantaneous
and adjustments can be made quickly. This decreases variability throughout the production and
placement of the HMA. This inherently will increase the quality of the product by increasing adherence
to the project’ s mixture design. The mixture design describes the most durable and best performing HMA
for the project. Also, like end result specifications, QC/QA specifications free the contractor to innovate,
increasing competitiveness, and create more opportunities for efficiencies (Benson, 1999). Benson
(1999) writes, “The expected result is that either the quality of work continues to meet specifications at a
lower cogt, or the quality improves at the same or increased cost. |If increases occur, they should be more
than offset by the cost savings realized through extended project life” (p. 89).

2.3 HMA Components Review

2.3.1 Overview

When controlling the quality of a product it is important to know the properties and characteristics that
describe a quality product, and to understand the effects that small variations on those properties may
have. HMA consists of only three components apart from additives. These are aggregate, asphalt
cement, and air voids. Only when the proper amounts of each of these exist within HMA will a quality
pavement exist. Much of this knowledge goes into the mixture design procedures. Though the properties
considered vary from one mix design procedure to the next, all mix designs are based on the fundamental
concepts that have been found to create the highest performing pavement for a given situation. HMA mix
designs should be developed with the following objectives in mind: resistance to permanent deformation,
fatigue resistance, resistance to low temperature cracking, durability, resistance to moisture induced
damage, skid resistance, and workability (Roberts, Kandhal, Brown, Lee, and Kennedy, 1996). The three
types of mixture design methods presently used in the United States are the Marshall, Hveem, and the
Superpave mix design procedures.

2.3.2 Aggregate Gradation

Roberts et al. (1996) write, “There are several aggregate properties that are important, but routine testing
during construction is usually limited to gradation only” (p. 399). This gradation is determined from a
sieve analysis. Robert et al. (1996) also write, “For QC/QA testing, aggregate samples are typically taken
from the stockpile, cold feeder belt, hot bins (if applicable), and extracted asphalt mixture” (p 399). The
aggregate that is extracted from a sample of HMA is the only sample of aggregate that is representative of
the final product. This sample is usually collected from the road’ s surface after being placed by the paver
and before compaction.

An aggregate gradation that deviates from the job mix formula (JIMF) will affect the quality of the HMA

in many ways. It affects the stiffness, stability, durability, permeability, workability, fatigue resistance,
frictional resistance, and resistance to moisture damage (Roberts et al. 1996). An aggregate gradation
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must provide for a dense mat, while at the same time leaving adequate room for the liquid asphalt. If the
gradation for HMA is one that gives the densest particle packing, bleeding and rutting will occur. If the
gradation allows for too many voids, the quality of the pavement will decrease with increased exposure to
air and water within the mix.

2.3.3 Asphalt Content

The optimum asphalt content in HMA is determined through the mixture design methods from the
compaction and volumetric data. It is important to control the asphalt content of a mixture to ensure
satisfactory performance (Roberts et al. 1996). The asphalt content is measured using extraction methods,
ignition, with a nuclear gauge, or measured with metering devices before it is mixed with the aggregate.
The extraction method is the same as is used for aggregate extraction. The asphalt is separated from the
aggregate using a solvent that dissolves the asphalt cement. The advantage of using extraction methods,
ignition, or nuclear gauging is that the asphalt content being measured is representative of the final
product. Asphalt content measured with metering devices is not necessarily representative of the actual
amount but rather is only an average amount in the HMA that was metered. The amount of HMA that is
metered is usually very large. Typically, one meter reading would represent the production of an entire

day.

It is important to monitor the actual asphalt content, because it directly affects mixture properties such as
asphalt film thickness, voids, stability (Hveem or Marshall), and Marshall flow (Roberts et al. 1996).
Insufficient asphalt causes inadequate coating, low film thickness, difficult compaction, raveling,
stripping, segregation, and shearing when cool (WYDOT, 2000). Excess asphalt causes flushing,
bleeding, tenderness, low skid resistance, rutting, shoving, and shearing when hot. The asphalt cement is
only meant to bind the aggregate together. The aggregate alone provides the structural strength of the
pavement. HMA with high asphalt content depends more on the strength of the asphalt cement and less on
the aggregate. With high asphalt content the pavement is not stable. Mix design procedures consider all
the effects of asphalt content, and directs the asphalt content of the IMF accordingly. This value needs to
be controlled through quality control so that the HMA that is being produced adheres as closely as
possible to the mix design value.

2.3.4 Volumetric Properties

The control of the asphalt content and the aggregate gradation dictates control of the volumetric
properties of the HMA. The volumetric properties of HMA include the voidsin mineral aggregate (VMA)
and the voids in the total mix (VTM) (Roberts et al. 1996). The amount of voids in a HMA mixture is
probably the single most important factor that affects performance of the mixture throughout the life of
the pavement (Roberts et al, 1996).

VMA is the total amount of voids within the compacted aggregate. VMA significantly affects the
performance of a mixture. The amount of VMA must first be adegquate to contain the required asphalt
content, as mentioned earlier in the discussion of aggregate gradation. If the VMA istoo low the mix will
have low film thickness will result in adry mix, and will have low durability. If the VMA istoo high the
mix will have high film thickness, and high durability (WYDOT, 2000). However, if the VMA is too
high the mix may show stability problems and be uneconomical to produce (Roberts et a. 1996). VMA
isagood performance measure in the quality control of the aggregate, because it considers the control of
al sieve sizes.



VTM isrelated to both the gradation of the aggregate in the HMA and the asphalt content. It isthe voids
that remain after the aggregate and asphalt cement have been combined and compacted. VTM is a good
performance measure in quality control of the HMA as a whole, because it is based on the quality and
content of both the aggregate and the asphalt. The optimum VTM is determined through mix design
procedures. Roberts et al. (1996) write, “The VTM in the compacted dense-graded HMA specimen at
optimum asphalt content is suggested by most SHAS to lie between 3 and 5 percent” (p. 215). This air
void content is only for samples compacted in the laboratory. In the field, this air void content should be
acquired through compaction effort and not by adding more asphalt cement to the mix. Roberts et al.
(1996) write, “Low air void contents minimize the aging of the asphalt cement films within the aggregate
mass and also minimize the possibility that water can get into the mix, penetrate the thin asphalt film, and
strip the asphalt cement off the aggregates’ (pp. 215-216).

2.4 Quality Assurance Program Components
2.4.1 Overview

The Transportation Research Board (1999) defines quality assurance as, “All those planned and
systematic actions necessary to provide confidence that a product or facility will perform satisfactorily in
service. Quality assurance addresses the overall problem of obtaining the quality of a service, product, or
facility in the most efficient, economical, and satisfactory manner possible” (p. 11). It is the responsibility
of the SHA to have a program that fulfills these premises. One criterion is that all quality assurance
programs must meet the requirements set by FHWA for Federal-aid highway construction projects on the
National Highway System (FHWA, 1995). Many SHAs have implemented a QC/QA specification as part
of their quality assurance program, but a QC/QA specification is only one part of a quality assurance
program. QC/QA specifications only address who is responsible for the quality of construction and in a
way are very vague. As aresult of the vagueness, there are many variations of quality assurance programs
among the many SHAS utilizing a QC/QA specification. These variations usually come in the form of
how the quality is to be controlled and how the quality of the final product is to be measured and
weighted. Each SHA that uses a QC/QA specification will use different methods for controlling quality
and measuring the quality of the final product. The program that is used by a SHA is uniquely tailored for
that particular SHA. A quality assurance program that utilizes a QC/QA specification emphasizes two
distinct elements, quality control and quality acceptance. Both are essential parts of quality assurance. A
close look at quality control and quality acceptance will revea the many variations that could possibly
exist with the use of a QC/QA specification.

2.4.2 Control Measures

Before discussing quality control and quality acceptance, it is necessary to first discuss the HMA
properties used to measure quality. Sampling and testing the HMA during production and placement is
essential to ensure that a satisfactory pavement is obtained. For the construction of HMA pavements,
several properties may be considered. Parker, Jr., and Hossain (1994) state, “ Asphalt content, air voids,
aggregate gradation, and mat density are commonly used control properties’ (p. 9). VMA, VFA, Marshall
stability, retained tensile strength, temperature, mixture properties of laboratory samples, theoretical
maximum density, and smoothness are some other properties that may also be considered. The properties
that are measured and controlled throughout the production and placement of HMA may differ from one
SHA to another. They may even differ within a single program between quality control and quality
assurance. In a pure end-result specification, the contractor would be | eft with the decision of which HMA
characteristics they felt should be controlled (Willenbrock and Marcin, 1978). With a QC/QA
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specification the SHA usually specifies which HMA properties are to be controlled at a minimum to
ensure quality. The properties selected are chosen because they are deemed by the individual SHA to be
the most necessary. The HMA properties that are considered for contractor quality control are in most
cases equa in number or more numerous than those considered for quality assurance. These properties are
then tested at or above the frequencies set by the SHA.

2.4.3 Quality Control

2.4.3.1 Quality Control Plan

CALTRANS (1996) writes, “The need for and use of a Quality Control Plan (QC plan) cannot be
overemphasized. Quality cannot be tested or inspected into a product. It must be “built-in.” It is
imperative that the contractor has a functional, responsive QC plan” (p. 3). A QC plan must address
actions needed, including the frequency of testing, to keep the process in control, quickly determine when
the process has gone out of control, and to respond adequately to correct the situation(s) and bring the
process back into control (CALTRANS, 1996; Cominsky, et al., 1998). A QC plan is usualy required of
the contractor by the SHA. It is intended that the minimum requirements included in the QC plan will be
a starting point for al contractors and will ensure the SHA a minimum level of quality control of the
materials being produced and placed into the project (CALTRANS, 1996). The elements of this plan vary
from one SHA to another. Some of these elements are testing frequency, sampling, personnel, and
corrective action.

2.4.3.2 Tolerances

Each process associated with the production and placement of asphalt concrete pavement has an inherent
variability that is due to variations in material, equipment, and procedures (Markey, Mahoney, and Gietz,
1997; Patel et al, 1997). The highest quality HMA would fully adhere to the JMF, but because of the
inherent variability in all construction processes thisisimpossible. However, through good quality control
this inherent variability can be reduced. Once the HMA properties to be tested have been established,
tolerance limits are set on these properties to ensure that the product is of acceptable quality. TRB (1999)
defines tolerance limits as, “Limits that define the conformance boundaries for a manufacturing or service
operation” (p. 21). These tolerance limits are of the general form JIMF-value + tolerance. These tolerance
ranges are used for quality control through process control, and may vary from one SHA to another.

2.4.3.3 Process Control

Process control consists of statistically monitoring the quality of a product through production with
frequent testing and control charts. Patel et al. (1997) write, “Timely reaction to the control charts can
prevent the production of nonconforming material” (p. 67). The party responsible for taking corrective
action when processes go out of control varies. The contractor may be responsible for taking such action,
or the SHA may assume that responsibility. The programs that allow the contractor to take the necessary
corrective action result in a quicker response and better control. Tunnicliff and the Warren Brothers
Company (1978) write, “ Timely, minor adjustments can eliminate problems before they become serious’

(p. 26).



2.4.3.4 QC Sampling and Testing

Cominsky et al (1998) write, “The objective of sampling and testing associated with this QC plan is to
ensure conformance of the mean properties of the ‘plant-produced’ mix with the ‘target’” mix and to
minimize variability in the HMA™ (p. 6). The target mix is represented by the HMA properties that were
selected for measures of control. Cominsky et al (1998) write, “ The Contractor’s QC plan shall be based
on random sampling and testing of the HMA at its point of production” (p. 6). A QC plan shal include a
statistically sound, randomized sampling plan to provide samples representative of the entire HMA
production (Cominsky et al, 1998). The frequency of the testing is usually specified by the SHA. The
frequency of quality control testing should be at or exceeding the minimums specified by the SHA. These
minimums are set based on statistical representation and vary from one SHA to the next. Depending on
the type of project, there may be varying requirements as to which HMA properties are to be measured,
and how often they are measured. More frequent testing will provide for better control through more
information. However, this more frequent sampling will increase cost. Conversely, infrequent testing will
provide for poorer control due to possibly lacking information. Fewer tests would, however, cost less.
The frequency is set at alevel that is deemed appropriate by the individual SHAS.

2.4.3.5 QC Personnel Qualification

CALTRANS (1996) writes, “To ensure that sampling and testing are done correctly, personnel that
perform sampling or testing for contract acceptance should be trained, qualified, and have relevant
experience” (p. 15). For many SHAs thisisarequirement. For others, itisnot. Thislack of qualification
may have serious repercussions for obvious reasons. If the individual doing the testing or the sampling is
doing so improperly or inconsistently the process may be deemed out of control and unnecessary
corrections will be made. This may ultimately cost the contractor for a poor quality product, but it will
aso leave the SHA with aless than satisfactory pavement. Many of the SHA have very good training and
certification programs for QC personnel to contend with this problem, but there are afew that do not.

2.4.3.6 Mix Design

Under a QC/QA specification, many SHAS require that the contractor design the HMA. This gives the
contractor more flexibility with regards to controlling the quality of the final product. This is a true end
result specification attribute. Tunnicliff and the Warren Brothers Company (1978) write, “ Contractor mix
designs are often more economica and easier to produce than agency mix designs because the
Contractor’s knowledge of materials is different from the agency’s knowledge of the same materials. If
other customers can use the same mixture, significant cost reductions are possible” (p. 26). These mix
designs are often limited by aggregate gradation wide band limits, and confirmation and acceptance from
the SHA.

2.4.4 Quality Acceptance

2.4.4.1 QA Sampling and Testing

Quality assurance testing is done to either get a good representation of the final product to measure
specification compliance or to check the accuracy of quality control testing. The second is especialy true
when quality control testing is used for acceptance. Patel et a. (1997) write, “A relatively high frequency
of SHA sampling and testing is required if acceptance is to be based solely on agency testing and



inspection activities’ (p. 70). This, however, requires a large number of SHA personnel, and because of
the increasing unavailability of qualified personnel some SHAS are unable to do the necessary testing for
acceptance. As aresult, some SHAs are relying on the results of the contractor’s quality control testing,
provided that adequate checks and balances are in place to ensure the accuracy and reliability of the
contractor test results (Patel et al. 1997). The amount of testing required of the SHA in this caseis greatly
reduced. The frequencies and methods used for the verification of the quality control test results vary
greatly among the SHAs. Slit-sample testing and independent assurance testing are two common ways of
verifying the accuracy of quality control testing.

2.4.4.2 Specification Limits

Quality assurance through acceptance of a product is the responsibility of the SHA. The SHA may accept
or reject the product produced by the contractor, or place a pay adjustment on the contract bid in
accordance with the level of specification compliance attained. Most SHASs are opting to use a statistically
based specification in addition to a QC/QA specification to measure the relationship between the quality
criteria and constructed product performance. Parker, Jr. and Hossain (1994) write, “A statistical QC/QA
procedure is implemented by setting limiting acceptance criteria to ensure desired product quality” (p. 9).
These acceptance criteria are referred to as specification limits. TRB (1999) defines these as, “The
limiting values established, preferably by statistical analysis, for evaluating material or construction
acceptability within the specification requirements. The term refers to either an upper specification limit
(USL) or alower specification limit (LSL), caled a single specification limit; or to both USL and LSL,
called a double specification limit” (p. 20). These specification limits vary between the different SHAs.
Parker, Jr. and Hossain (1994) write, “To develop realistic and valid quality requirements, acceptance
limits should be based on a statistical analysis of variations in materials, processes, sampling, and testing”
(p. 9). These controls should be adequate to control the quality of the HMA, but it is essential that these
limits are achievable. Y oder and Witczak (1975) write, “It does no good to specify statistically orientated
specifications so strict that contractor compliance is impossible” (p. 439). Patel et a. (1997) write,
“Specifications that are unnecessarily restrictive tend to raise costs and strain relations with Contractors.
Conversely, excessively wide specifications may lead to wide variationsin quality” (p. 66).

2.4.4.3 Pay Adjustments

After arepresentative measurement of the final product through random sampling and testing, the level of
specification compliance is to be determined. Most of the SHASs use a price adjustment system that would
adjust the payment for the final product according to specification compliance. The product would then be
accepted above a certain acceptance limit with a pay deduction. The acceptance limits vary among the
SHAs. These acceptance limits may be expressed as a quality index, a percent within limits or percent
defective, a mean, an absolute average deviation, or some other measure of quality (TRB, 1999). Most of
the SHASs use a deduction or disincentive system, and some even use incentives. Incentives are used to
reward a contractor for exceeding the specification in areas where additional value is provided in terms of
performance of the finished product. Wegman (1996) writes, “ Disincentives or penalties are applied when
a contractor does not meet specifications on work aready incorporated into the project that does not
warrant removal and replacement” (p. 10).

Within many of the SHAS, the final pay factor is a weighted composite of individua pay factors, where

the composite pay factor equals the sum of the individual quality characteristic pay factors multiplied by
the weighting factor placed on the individual quality characteristic (Benson, 1999). Thisisagenera form
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of a pay factor equation. Different SHAs will use different quality characteristics for pay determination,
different weights on those characteristics, and sometimes even different equation forms.

2.5 WYDOT's Quality Assurance Program

2.5.1 Non-QC/QA Specification Transition

In 1997, WYDOT implemented the use of an asphalt pavement QC/QA specification. They used this
specification in constructing a select few projects in 1997. Full implementation was nearly realized by
2000. The seeming four-year implementation was caused by budgeting restraints. The budget for projects
is usually drawn up ten years in advance of actual project construction. Since costs for projects
constructed under a QC/QA specification differ from costs for those constructed under a non-QC/QA
specification, changing the budget was an unrealistic option. During this four-year period, minor changes
were made in this specification. The biggest changes occurred with the inclusion of provisions for
recycled asphalt pavement (RAP), and later Superpave.

2.5.2 Non-QC/QA Specification

Before using a QC/QA specification, WYDOT used a method and materials specification. WY DOT took
full responsibility for the final HMA produced and paid all costs involved with assuring that the quality of
the final product was acceptable. The following is a quote from the Wyoming Department of
Transportation’s 1996 Edition of their Standard Specifications for Road and Bridge Construction. It helps
sum up the involvement of both the SHA and the contractor prior to the use of a QC/QA specification.

106.04 Samples, Tests, Cited Specifications. All material will be inspected, tested, and
accepted before incorporation into the work. Any work in which untested and
unaccepted materials are used without approval or written permission shall be performed
at the Contractor’ s risk and will not be paid for.

All tests will be made by and at the expense of the Department in accordance with the
most recent cited standard or interim methods of AASHTO or ASTM, as adopted or
modified by the Department, which are current on the date of advertisement for bids. All
materials being used are subject to inspection, test, and either acceptance or rejection at
any time prior to incorporation into the work. If requested copies of al test reports will
be furnished to the Contractor. Test methods are listed in the Wyoming Field Testing
Manual and specified sections of the Standard Specifications (p. 45).

2.5.3 WYDOT's QC/QA Specification

2.5.3.1 Overview

The following description of WYDOT's quality assurance program fully references the Wyoming
Department of Transportation’s Supplemental Specification for Plant Mix Pavements, which was last
revised January 3, 2001. This is not an officially published document at this time. It is available only
through the Wyoming Department of Transportation. This document is very long and detailed. The
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following description of WYDOT's QC/QA specification for plant mix pavements is only a brief
summary of details.

WYDOT's QC/QA specification applies only to bituminous pavement. Depending on the success of this
specification, however, QC/QA specifications may be used for other types of construction. This
specification isfairly typical. It is described as being an integral part of quality assurance. Quality control
is the responsibility of the contractor. The contractor shall provide and maintain a quality control system.
The contractor shall be responsible for all bituminous pavement materials and constructed pavements
whether produced and constructed by the contractor or procured from subcontractors or vendors.
WYDOT is responsible for the quality assurance and acceptance of the product. WYDOT has selected a
list of specific HMA properties to be controlled through quality control and quality assurance. They have
set limits on these properties, and have established appropriate testing frequencies. In addition, WYDOT
has alist of requirements for personnel, and for quality control plans as part of their QC/QA specification.

2.5.3.2 JMF and Mix Design

Before construction begins, a suitable IMF and a mix design must be performed. The Marshall mix
design procedure is most commonly used in Wyoming. However, the Superpave mix design procedureis
used on occasion. WY DOT’ s QC/QA specification requires that the Contractor perform both the IMF and
the mix design. These are then subject to the approval of the WYDOT Materials Program before
construction begins. The IMF shall include a single percentage of virgin aggregate passing each required
sieve size, atarget RAP percentage when used, a single target asphalt content, and the single mixing and
compaction temperature. “The JMF aong with the allowable tolerances shall be within the wide band
specified.” The Marshall wide band requirements and the tolerances can be found in Tables 2.1 and 2.2.
Also, the Marshall mix design must adhere to alist of mixture property requirements. It should be noted
that Superpave has some additional requirements, especially for the aggregate. WY DOT has four classes
of property requirements that are dependant on traffic loading. These required mixture properties can be
found in Table 2.3. Before the use of a QC/QA specification, the Contractor only developed a JIMF for
aggregate gradation, and WY DOT would approve the IMF and use it to develop amix design.

Table2.1 Tolerancesfor Aggregate Gradations

HMA Non-QC/QA g'g%h:”
Parameter Tolerances
Tolerances

l-inch Sieve + 7% + 7%
3/4-inch Sieve + 7% + 7%
1/2-inch Sieve + 7% + 7%
3/8-inch Sieve + 7% + 7%
No.4 Sieve + 7% + 7%
No. 8 Sieve + 5% + 5%
No0.30 Sieve + 5% + 5%
No. 200 Sieve + 3% + 2%
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Table2.2 Aggregate Gradation Wide Band Requirementsfor WYDOT’'s QC/QA

Specification
Sieve
Designation Grading A Grading C Grading E Grading G
1%inch 100
linch 100 90-100
3/4inch 90-100 100 65-90
1/2inch 55-90 90-100 50-85 100
3/8inch 45-85 55-90 40-75 90-100
No. 4 30-65 35-70 30-60 45-85
No. 8 20-50 20-55 20-45 30-65
No. 30 5-30 5-35 5-25 10-40
No0.200 2-7 2-7 2-7 2-7

2.5.3.3 Control

WYDOT's QC/QA specification is based on levels of control. These levels of control are a function of
traffic, type of construction, type of facility, type of funding, and quantity of material. There are four such
levels. For each of these levels of control, the requirements for the mix design, quality control, and
quality assurance differ. The requirements of these levels decrease as the levels themselves increase. The
requirements for the different levels of control can be seen in Table 2.5. These requirements were used for

the construction of asphalt pavements through the 2001 construction season.

Table2.3 Required Mixture Properties Used for WYDOT's QC/QA Specification

CLASS| CLASSII CLASSIII CLASS IV

Los Angeles Abrasion 35 Max. 35 Max. 40 Max. 40 Max.
Number of Marshall Blows 75 75 50 50

- . 11000 11000 9000 9000
Marshall Stability (minimum), N (Ibs) (2500) (2500) (2000) (2000)

. 8-16 8-16 8-16 8-16

Marshall Flow, 0.25 mm (0.01 in) (8-16) (8-16) (8-16) (8-16)
% Voidsin Laboratory Mix 4.0-6.0 3.0-5.0 3.0-5.0 2.5-4.5
% Voids in Production Mix 3.0-5.0 2.5-4.5 2.5-4.5 2.0-4.0
Dust/ Effective Asphalt 0.8-1.4 0.8-1.4 0.8-1.4 0.8-1.4
Minimum % Asphalt 4.5 45 45 45
Minimum Tensile Strength Retained, % 75 75 75 75
Film Thickness, nm 6-12 6-12 6-12 6-12
% Voidsin Mineral Aggregate Table2.4 | Table2.4 Table2.4 Table2.4

Table2.4 VMA Requirementsfor WYDOT’'s QC/QA Specification

Grading Grading Grading Grading

A C E G
CLASSI 13.0-16.0 14.0-17.0 12.0-15.0 14.0-17.0
CLASSII 12.0-15.0 13.0-16.0 11.0-14.0 13.0-16.0
CLASSIII 12.0-15.0 13.0-16.0 11.0-14.0 13.0-16.0
CLASSIV 11.0-14.0 12.0-15.0 12.0-15.0
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For quality control there are tests required by WYDOT for both virgin aggregate production and mix
production and placement. For virgin aggregate production, it was required a a minimum that the
gradation, and liquid limit (LL), and plasticity index (Pl) be measured as the aggregate is produced and
stockpiled. These were to be tested at or above the minimum frequencies set by WYDOT. All of the
testing frequency requirements are shown in Table 2.5, with their corresponding level of control. For mix
production, the contractor performed quality control testing during production and placement. The testing
program included, but was not necessarily be limited to, tests for the control of aggregate gradation,
reclaimed material, LL, Pl, coarse aggregate angularity, fine aggregate angularity, sand equivalent,
moisture content of the aggregate, asphalt content, moisture content of mixture, mix temperatures, and
field compaction. All samples were to be selected randomly using WY DOT sampling procedures.

For quality assurance, the virgin gradation, in-place density, and asphalt content were to be measured at a
specified frequency. These frequencies can be found in Table 2.5. The frequencies for quality assurance
testing, when performing tests similar were equal in humber. This can aso be seenin Table 2.5. A lot is
defined as the quantity of produced bituminous pavement, represented by five tests with a tonnage as
shown for the level of control for aggregate gradation, and is represented by seven tests for in-place
density.

2.5.3.4 Quality Control Plan

WYDOT requires the contractor to submit a QC plan prior to the pre-construction conference. This QC
plan must be accepted and approved by the engineer and the Materials Program prior to the production of
materials. The QC plan shall be adhered to at al times. The QC plan shall contain twelve items of
information at a minimum. Descriptive information and calibration records for the production facilities
shall be included. Personnel and responsibilities shall be included with an organizational chart indicating
lines of authority for quality control for all aspects of the bituminous pavement construction. The plan
shall include the sampling procedures and techniques to be used, which will consist of how sample times
and locations shall be determined, how samples should be collected for testing, how the calibration shall
be accomplished for sampling devices, and how mix design samples shall be collected.

Information about the mix design process that the contractor plans to follow shall be included. A
description of the quality control laboratory and testing equipment shall be included. The QC plan shall
include a schedule of testing for each aggregate produced prior to mix production. Test methods and
frequency of testing to be used for the control of the bituminous mixture shall be shown in the QC plan.
These tests shall be more than the minimum required by WY DOT. As part of the QC plan, the contractor
shall note records of field observations, inspections, and measurements as they occur. All of these records
shall be made available to the engineer upon request. Also, control charts are a required part of the QC
plan. They shall be maintained and displayed at the field laboratory.
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Table2.5 Testing Requirements by Levelsof Control Used by WYDOT as Part of QC/QA
Specification Prior to 2002

Level | Level 1 Level I11 Level IV
Mix Design New Design Reference design | Reference design Reference design
Required allowed 5000 tons | allowed 5000 tons allowed 5000 tons
or less or less or less
Voidless Unit Voidless Unit Reference of
Weight Required | Weight Required Voidless Unit
Weight allowed
QUALITY CONTROL | Required Required Required Required
VIRGIN
AGGREGATE
PRODUCTION
Gradation each | /1000t min. 1/1000 t min. 1/1000 t min. 2 test min.
stockpile
L.L. & PI. on Virgin | /1000t min. 1/1000 t min. 1/1000 t min. 2 test min.
Material
MIX PRODUCTION
Virgin Aggregate | /1000 t min. 1/1000 t min. 1/1000 t min. Not Required
Gradation
L.L. & P.I. on Virgin | /1000 t min. 1/1000 t min. 1/1000 t min. Not Required
Material
Moisture Content of | 1/day min. 1/day min. 1/day min. Not Required
Virgin
Aggregate/Hydrated
Lime
Mix Verification *x as per | Not Required Not Required Not Required
Subsection
7.0107
Moisture Content of | 1/day min. 1/day min. 1/day min. Not Required
Mixture
Test Strip Required Required Required Not Required
In-Place Density 1/200t 1200t 1/200 t 1/200t 5 min.
QUALITY
ASSURANCE
Virgin Gradation 11ot/5000t 1 1ot/5000t *As per Section 8.0 | *Asper Section 8.0
In-Place Density 1lot/1500t 1lot/1500t *As per Section 8.0 | *Asper Section 8.0
Asphalt Content 1/day 1/day *As per Section 8.0 | *Asper Section 8.0
Quality Acceptance | Required Required *Asper Section 8.0 | *As per Section 8.0
Field Lab

* References the WY DOT specification, which is not included in this paper.
** The mix verification for the Recycled Bituminous Pavement shall be performed daily until no adjustments are

reguired to the mix to ensure that all design criteria are within control limits. Once thisis determined, then the mix
verification frequency will become a minimum of 1 test per 6000 t.
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The following parameters shall be recorded on the control chart: gradation of the control sieves in the
JMF, virgin asphalt content, total asphalt content, in-place density, VMA, and VTM. The control charts
shall include the control limits, each individual quality control test result, and the moving average of the
last four tests. The single and moving average control limits are set by WYDOT. The QC plan shall
contain a set of rules that the contractor shall use to determine what actions will be taken when material’s
properties do not meet the control limits. This corrective action process shall adhere to the minimums
required by WYDOT. A test strip shall be constructed to evaluate the rollers and the mix design and
determine the compactive effort of the rolling patterns. The construction and evaluation of the test strip
shall be addressed in the QC plan. The twelfth and final item to be included in the QC plan is notification
of start-up. The engineer may suspend operations when any part of the QC plan is not adhered to.

2.5.3.5 Personnel Requirements

Under their QC/QA specification, WYDOT requires that many of the construction personnel be certified
and qualified to perform a number of certain duties. For one, the contractor or consultant laboratories that
perform mix designs shall be AASHTO accredited for a great number of procedures. The contractor shall
provide a quality control supervisor. The quality control supervisor shall be the contact between all parties
involved for all quality control and quality acceptance issues. The supervisor shall be capable of, but not
limited to, interpreting, ensuring adherence and review of the QC plan, coordinating activities for mix
design and quality control testing, reviewing and interpreting testing reports, and making
recommendations for the control process. Qualified technicians shall perform all quality control and
quality acceptance sampling and testing. The contractor shall have a qualified technician at the production
site during aggregate production and production of bituminous pavement. Qualified technicians shall be
certified through the Wyoming Certification Program, or be qualified through a qualification process. All
test reports shall be reviewed and signed by a certified technician.

2.5.3.6 Pay Determination and Acceptance

Through the 2001 construction season, WY DOT performed independent quality assurance testing as
required by and at afrequency specified for the level of control shown in the plans and in accordance with
Table 2.5. The results of these were used for the quality acceptance and pay determination. WY DOT
changed their QC/QA specification, so that now contractor quality control tests would be used for quality
acceptance and pay determination. These quality control tests are verified with just afew tests performed
by WYDOT. This change in QC/QA specification drastically changed the testing requirements of both the
Contractor and WY DOT. The changes that were made can be seen with a comparison between Tables 2.5
and 2.6.

Through the 2001 construction season, quality acceptance included a quality analysis for aggregate
gradation, in-place density, and asphalt content. These three items were accepted based on a quality
analysis for individual lots of material. Each property was analyzed independently using independent lots
of material. A pay factor was determined for aggregate gradation, in-place density, and asphalt content for
Level | and Il mixes only. WYDOT's test results will be used for these pay factor determinations. The
contractor’ s test results were alowed for quality acceptance for Level 111 and IV control mixes.

WYDOT uses a pay adjustment system that utilizes bonuses and deductions. For virgin aggregate
gradation and asphalt content, anything outside of the tolerance limits is considered to be a less than
quality product, at which point the material is removed or accepted at a reduced price. The choice of
removal or pay reduction is the contractor’s. The material is only accepted, however, if the pay factor is
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greater than or equal to 0.75. The highest achievable pay factor for these two pay itemsis 1.05. The pay
factor for aggregate gradation is calculated using a USL, an LSL, the average percent passing an
individual sieve, and the standard deviation of the test results for the lot. The USL and the LSL are set at
the IMF = the sieve tolerances, which were seen in Table 2.1. The pay factor for the lot is based on the
sieve size that resulted in the lowest pay factor. The tolerances for the #200 sieve size decreased with the
implementation of a QC/QA specification. This decrease in tolerance makes it more difficult to achieve
an acceptable HMA pavement. These changes can be seen in Table 2.1. The pay factor for the asphalt
content is based on the quantity of bituminous pavement produced for a day’s production. It is calculated
using the variance of asphalt content from the design content. As with the aggregate, the materia will
only be accepted if the pay factor is greater or equal to 0.75. The materia will be rejected if the variance
from the design content is greater than 0.50 percent.

Payment for in-place density is based on lots and is calculated according to the testing done per lot. The
pay factor for a lot of compacted pavement is calculated using the average relative density of the
pavement and the sample standard deviation of the test results for that lot. Any average relative density
greater than or equal to 92 percent is acceptable. Any pavement with an in-place density less than 92
percent is rejected. The pay adjustment for substandard compaction is figured using a quality index (QI).
A high average relative density with a low standard deviation will result in the highest pay factor. The
highest pay factor achievable is 1.01. The lowest allowable pay factor is equal to 0.50. Any materia with
apay factor below 0.50 will be rejected.

2.6 Effectiveness of QC/QA Specifications
2.6.1 Overview

After implementing a new specification, it is essential to evaluate the effectiveness of the new
specification. By alowing the contractor to control the quality of the final product through constant
sampling, testing, and monitoring throughout the production and placement of the HMA, quality is sureto
be enhanced through decreased variability. This is because constant monitoring of operations allows the
contractor to quickly recognize any problems that may occur within the operations, and to react to thesein
atimely fashion. Decreased variability in the HMA itself will increase the life of the pavement, therefore
decreasing life-cycle costs. Integrated control can also free the contractor to innovate, creating more
opportunities for efficiencies, which may also decrease cost (Benson, 1999). There are, however, extra
costs associated with the use of a QC/QA specification. Bid prices go up when the Contractor needs extra
personnel to do the necessary quality control testing.
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Table 2.6 Testing Requirementsby Levelsof Control Used by WYDOT asPart of QC/QA

Specification Since 2002

Material; Moisture Content
Virgin Aggregate/Hydrated
Lime; Moisture Content of
Mix

Level | Level Il Level I11 Level IV
Mix Design New Design Reference design | Referencedesign | Reference
Required allowed 5000 tons | allowed 5000 tons | design allowed
or less or less 5000 tons or less
Reference of
Voidless Unit Voidless Unit Voidless Unit
Weight Required | Weight Required | Weight allowed
QUALITY CONTROL —VIRGIN AGGREGATE PRODUCTION
Gradation each stockpile 1/1000 T min. 1/1000 T min. 1/1000 T min. 2 test min.
LL. & PIl on Virgin| /1000 T min. 1/1000 T min. 1/1000 T min. Not Required
Material
QUALITY CONTROL —MIX PRODUCTION
Virgin Aggregate Gradation | /1000 T min. 1/1000 T min. 1/1000 T min. Not Required
Asphalt Content 1l/day 1/day 1/day 1/day
Test Strip Required Required if shown | Required if shown | Not Required
on plans on plans
In-Place Density 1/200T 1/200T 1/200T 1/200 T 5 min.
QUALITY ACCEPTANCE — MIX PRODUCTION
Virgin Gradation 11ot/5000 T 11ot/5000 T *Per Section 8.0 *Per Section 8.0
In-Place Density 1llot/1500 T 1lot/1500 T *Per Section 8.0 *Per Section 8.0
Asphalt Content 1/day 1/day *Per Section 8.0 *Per Section 8.0
Quality Acceptance Field | Required Required *Per Section 8.0 *Per Section 8.0
Lab
LL. & PIl on Virgin| /1000 T min. 1/1000 T min. 1/1000 T min. Not Required
Material
Moisture Content of Virgin | 1/day min. 1/day min. 1/day min. Not Required
Aggregate/Hydrated Lime,
and Moisture Content of
Mixture
Mix Volumetrics *Per  Subsection | Not Required Not Required Not Required
8.05 Acceptance —
Mix Volumetrics
VERIFICATION — MIX PRODUCTION
Virgin Gradation Vlot Vlot Not Required Not Required
In-Place Density Vlot Vlot t Not Required Not Required
Asphalt Content Not Required Not Required Not Required Not Required
Mix Volumetrics Split sample | Not Required Not Required Not Required
required, but no
test frequency
specifically
Virgin — LL, PIl. Virgin | Not Required Not Required Not Required Not Required

* References the WY DOT specification, which is not included in this paper.
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A few of the SHAs that are using a QC/QA specification have evaluated their programs for effectiveness.
Each SHA uses different methods to evaluate and looks at different things in these evaluations. The
California Department of Transportation (CALTRANS) and the Texas Department of Transportation
(TxDOT) are two of the SHASs that have conducted an official evaluation of their QC/QA specifications.
Overal, the results of these types of evaluations are fairly positive. According to one survey conducted by
Andrew Backus (1999), the QC/QA programs currently used are cost effectively increasing quality.
Respondents to the survey typically reported noticeable to significant improvement in pavement quality at
only adight increase in cost.

2.6.2 CALTRANS

Benson (1999) writes, “CALTRANS implemented QC/QA in an effort to improve the quality of asphalt
concrete pavements and involve the contracting community more directly in the control of product
quality” (p. 88). The new asphalt concrete specifications were developed in 1995-1996 and were fully
implemented in April 1996 without a pilot program (Douglas, et al., 1999). Nichols Consulting Engineers
(NCE) was selected as a consultant in September 1996 to independently evaluate the new statistical
quality assurance (SQA) program. Douglas et al (1999) write, “ Seventeen construction projects using the
new asphalt concrete QC/QA specification were selected for monitoring during the 1997 construction
season” (p. 95). These projects were chosen to represent projects from all across the state and were of all
sizes and types. A very in-depth study involving an analysis of interviews and physical property data
revealed several positive findings with regards to bidability, goas, workability of specification, and
increased quality. Apart from the NCE study, CALTRANS had also conducted a quality comparison
between projects constructed under their QC/QA specification, their previousy used end-result
specification, and their old method specification. Benson (1999) writes, “The quality comparison was
based on two specified properties: percent relative compaction and asphalt content” (p. 88). Cost analysis
was also included. The results show progressively less material outside compaction specification limits
for the method, end-result, and QC/QA approaches. Thisimproved performance is achieved by increasing
the average level of compaction, not by reducing variability (Benson, 1999). For asphalt content, thereis
a clear improvement in quality obtained under the QC/QA specification. Benson (1999) writes, “These
improvements are attributable to reductions in variability, not closer adherence to the target value. If
anything, the QC/QA jobs showed greater scatter about the design target values’ (p. 90). The cost
analysis showed an increase in cost, but it is assumed that reduced rehabilitation costs over the life of the
projects would more than compensate.

2.6.3 TxDOT

TxDOT has been using a QC/QA specification since 1993. Questions regarding the quality and cost
effectiveness of the QC/QA specification were raised within the first two years of use. To address these
concerns, TXDOT sponsored and initiated a research project (Solaimanian et al, 1998). As part of this
research project, attempts were made to address the existing problems by collecting technical information
and performing numerical analyses, and by comparing projects built under the two sets of specifications.
Solaimanian et al (1998) write, “The study indicates that, statistically, there is no significant difference
between the uniformity of the control parameters (air voids, asphalt content, gradation) of the two
specifications. However, smple and direct comparison of statistical parameters, without any hypothesis
testing, indicates less uniformity in the method specification projects, as compared with the QC/QA
projects’ (p. ix).
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2.7 Chapter Summary

The construction of quality pavements in an economical way has aways been the goal of the SHAs. In
recent years, QC/QA specifications have been implemented by many SHAS to improve the quality of
asphalt pavements. QC/QA specifications also accommodate for many other changes that are presently
occurring in the construction industry. Before the use of QC/QA specifications, methods and materials
specifications were used. This type of specification placed all responsibility for achieving a quality
pavement on the SHA. A QC/QA specification shifts some of this responsibility to the contractor. With
QCI/QA, the contractor is responsible for quality control, and the SHA is left with the responsibility of
quality assurance and product acceptance. Fully integrating quality control into the construction
operations allows the contractor to quickly detect problems that may occur, and to respond in a timely
fashion. Continuous sampling, testing, and monitoring throughout the production and placement of the
HMA alowsfor the production of a high quality pavement.

QCI/QA specifications promise higher quality pavement, but there are additional costs associated with the
use of thistype of specification. Therefore, it isimportant to evaluate the impacts of the specification that
is being used. Many different QC/QA specifications are being used, so a specification evaluation must be
done on an individual basis. Evaluations that have already been conducted have had positive results. The
increases associated with the use of QC/QA specifications, seem to be balanced or outweighed by the
decreases in cost associated with increased pavement performance and life.
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3. NATIONWIDE QC/QA QUESTIONNAIRE

3.1 Introduction

In recent years, many SHAs have adopted QC/QA specification programs for the construction of asphalt
pavements. Introducing this new specification is meant to promote construction of better performing and
longer lasting roadways by decreasing asphalt mixture variability throughout asphalt mixture production
and placement. The use of QC/QA specifications is rapidly growing and gradualy gaining wide
acceptance within most SHAs (Solaimanian et a. 1998). With a QC/QA specification, the contractor is
responsible for the quality of the pavement, while the highway agency is responsible for the acceptance,
rejection and/or price adjustment of that product. This is a general definition of a QC/QA specification.
Details of how the responsibilities for quality achievement are divided can vary greatly. Also, a QC/QA
specification is only a part of a quality assurance program. A QC/QA specification only describes who is
responsible for the final quality of the product. Anything outside of this may vary greatly among the
SHAs. Therefore, in order to evaluate the effectiveness of QC/QA specification programs in decreasing
the variability of HMA, a basic understanding of the status quo of QC/QA specification programs is
essential.

A gquestionnaire consisting of about 40 questions was written and sent to the 50 SHAs in July 2001. The
purpose of the questionnaire was to gather information and obtain an understanding of each of the SHA’s
asphalt pavement QC/QA specification programs. Although a full understanding and evaluation of every
one of the State DOT’s asphalt pavement QC/QA programs is outside the scope of this study, it is
necessary to have at least a basic understanding of them all. This basic understanding of al the asphalt
pavement QC/QA programs leads to future comparisons and eval uations of each of the individual QC/QA
specification programs.

Information directly gathered by the questionnaire included: QC/QA program history, the distribution of
quality control and quality assurance responsibilities between contractor and SHA, and the levels of
control demonstrated by the QC/QA specification program. Also, because of the difficulty in generalizing
asphalt pavement QC/QA across the different states, a request for specification summaries regarding the
different aspects of QC/QA programs was included. A copy of the questionnaire that was sent can be
found in Appendix A. The results of the survey are presented in this chapter.

3.2 Results of Survey
There were 44 full responses and one partial response to the questionnaire. All of the states except

Arizona, lowa, New Mexico, Tennessee, and Rhode Island responded to the questionnaire. The responses
have been reduced and summarized in the sections that follow.

3.2.1 SHAs with a QC/QA Specification Program

Of the 45 SHASs responding to the survey, 40 or nearly 90 percent have implemented an asphalt pavement
construction QC/QA specification program. Connecticut, Delaware, Hawaii, Massachusetts, and Montana
were the only SHAs to indicate that they do not have such a program. Delaware and Massachusetts,
however, are planning to implement such a program in the near future.
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For the 40 SHAs that indicated having an asphalt pavement QC/QA program, the years that these
programs were implemented range from 1968 (New Jersey) to present. Most of the programs, however,
were implemented just recently. Twenty-nine or more than 80 percent of the 35 SHAS that provided a
date of implementation started their programs after 1985.

3.2.2 Scope of QC/QA

Within any state, there are many classifications of roadways, and to maintain these roadways simple
maintenance to full reconstruction projects are needed. Since QC/QA introduces complexity and cost, it
seems logical that it would not be used for all projects on all classifications of roadways. This was found
to be true in the survey.

All of the 40 SHAs use QC/QA specification on interstate and primary roadways and on projects larger
than 5,000 tons of asphalt mixture. However, only 88 percent of them use a QC/QA specification for
secondary roadways, and only 80 percent useit for projects smaller than 5,000 tons.

3.2.3 Quality Control Responsibilities

Of the 39 SHAS responding to the question and claiming to have an asphalt pavement QC/QA program,
Colorado and Nevada were the only two to hold the SHA responsible for quality control testing. The
other 37 hold the contractor responsible for quality control testing. The responsibility for evaluating the
QC test results is more evenly split. Of the 39 responding SHAS, 26 of them hold the contractor
responsible for the evaluation of quality control testing, nine accept the responsibility themselves, and 4
share the responsibility with the contractor. When quality control testing has been evaluated and
corrective action is needed, three of the QC/QA programs are set up to have the SHA initiate corrective
actions themselves, three of them share the responsibility for initiating corrective actions, and the
remaining 33 hold the Contractor responsible for taking such actions.

Knowing which party is held responsible for all of the quality control activities helps to characterize the
asphalt pavement QC/QA specification programs that are being used by the SHAs and the degree of the
responsibility shift that has taken place toward the contractor. When the SHAs were asked if they were
moving to change involvements with quality control in any way, Colorado, Delaware, Ohio, Wisconsin,
and Wyoming stated that they were. Colorado, Delaware, and Wyoming stated that the change being
made involves the acceptance of the contractor’s quality control test results for incentive and disincentive
payment and quality acceptance. Ohio’s new program puts even more responsibility on the contractor,
while Wisconsin is rewriting its program to conform to federal verification requirements.

3.2.4 Quality Assurance Responsibilities

All of the SHAs responding to the question and claiming to have an asphalt pavement QC/QA
specification program perform quality assurance testing. South Carolina added a note stating, “The
contractor does al quality control and quality assurance testing with the state doing quality assurance
verification testing at aratio of 1:10 of the quality assurance tests. Additionally, the state’ s Independence
Assurance personnel obtain comparison samples on Federal Aid projects.”

The number of quality assurance tests performed for a typical project varies significantly among the
SHAs. The amount of quality assurance testing for most of the SHAsis based on lot size, occurs at adaily
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rate, or depends on the number of quality control tests performed. Typically, Arkansas does one quality
assurance test for every 750 tons produced; Kentucky does one every 4000 tons, Minnesota does one per
day; North Carolina does a minimum of 10 percent of the number required by the contractor; North
Dakota does two per day; Oregon does one for every 10 contractor quality control tests performed; Utah
does four quality assurance tests per lot per day; and Washington does one per 400 tons for density and
one per 300 tons for gradations and asphalt content.

3.2.5 Quality Assurance Testing

The approximate ratio of the number of quality assurance tests to the number of quality control tests
(QA:QC) ranges from 1:1 to as low as 1:10. For some of the SHAS, this ratio varies significantly and an
approximate ratio is difficult to determine. The approximate ratios between the numbers of quality
assurance and quality control tests performed among the SHAs are summarized in Table 3.1.

The QA tests that are performed by different SHAs are for avariety of purposes. Some of the SHAs use
QA testing to verify QC test results. When the contractor is responsible for QC testing, QA tests are
performed to verify that contractor testing is being done properly and precisely. Others use QA testing to
adjust the final pay. QA testing is considered in this case to measure the quality of the product being
placed. Initial correlation is another area where QA test results are utilized. At the beginning of the
production of HMA, the SHA often performs QA tests mirrored by QC tests to make sure that all testing
equipment is calibrated and that testing procedures are being followed. This will usualy save the
contractor time and money throughout construction. Of the 39 SHAS to respond to this question, 26 use
QA tests for QC test result verification, 16 use QA test results for final pay adjustments, and six use QA
test results for initial correlations. Most of the SHASs use QA test results for more than one purpose. QA
test results are also used for determining acceptance by a number of SHAS, and for contractor’s QA test
verification in Michigan.

Florida, Indiana, Maryland, Michigan, Ohio, Wisconsin, and Wyoming are all making a move to change
the contractor or state’s involvement with quality assurance testing in some way. The agency in Florida
will start verifying contractor quality control tests at a reduced rate. Indiana is going to start using
contractor quality control tests for acceptance and payment under contractor acceptance specifications and
acceptance by certification. Maryland is looking to use statistical evaluation from AASHTO R 4-97 and
NCHRP 9-7. State inspectors in Michigan will start performing total quality assurance testing. Ohio’'s
new 1056 program puts even more responsibility on the contractor. Wisconsin is adjusting its
specification to meet federal requirements for verification testing. In Wyoming, the contractor will start
doing acceptance testing at the frequency and location designated by the state, and the state will be
responsible for pay factor calculations and acceptance decision.

3.2.6 Properties to be Tested for QC/QA

There are many tests to be run during the production and placement of HMA. These tests are used to
compare the characteristics of the HMA being produced and placed to characteristics that are known to
represent a good product. A high quality pavement can be produced with the control of a select few of
these characteristics. Density, asphalt content and aggregate gradation are three of the most commonly
controlled characteristics. The specifications for quality control testing, quality assurance testing, or a
combination of the two intended to control the production of asphalt mixture and the proper placement of
the mixture vary between the SHAs. Table 3.2 summarizes the mixture and mat characteristics controlled
through the use of quality control and quality assurance testing of 39 different SHAs.
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Table3.1 Approximate Ratio of QA to QC Tests

SHA Ratio
Alabama 1:2

Alaska Varying
Arkansas Varying
Cdlifornia 1:10
Colorado 1:10
Florida 11
Georgia Varying
Idaho 1:10
Illinois 1.5

Indiana 1:3

Kansas 1:4 mix properties, 1:2 density
Kentucky 1.4

Maine 1:2
Maryland 1:6, varying
Michigan Varying
Minnesota 1.4
Mississippi 1:10
Missouri 1.4
Nebraska 1.5

Nevada Varying
New Hampshire 11

New Jersey Varying
New York Varying
North Carolina 1:10 min.
North Dakota 1:10

Ohio 1:4-6, depending on specifications and test types
Oklahoma 1:10
Oregon 1:10
Pennsylvania Varying
South Carolina 1:10

South Dakota 1.5

Texas 1:4

Utah 11
Vermont 4:3
Virginia 1:4 mix, 1:1 density
Washington Varying
West Virginia 1:10
Wisconsin 1.5
Wyoming 11
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Table 3.2 Mixtureand Mat Characteristics Controlled in QC/QA

Agg. Asphalt Voidless | Dust-to- .
SHA i~ ~ Clay | Corient |Ahat | oo [uma | Onit Asphat |TsR  [Mix  [Ma |} Smooth-
(extract) Grad. Content (extract) Content Weight | Ratio Temp. Density | ness
Alabama QC/QA |QC QC/QA |QC/IQA |QC/QA |[QC/QA |QC/QA |QC/QA |QC/IQA |QCIQA QC/QA | QCIQA
Alaska QA QA QA
Arkansas QC/QA | QC/QA |QC/IQA |[QC/QA QC/QA | QCIQA
Cdlifornia QC/QA | QC/QA [QC/IQA |[QC/QA |QC QCI/IQA QCI/IQA
Colorado QCI/QA QCIQA QCI/IQA QCI/QA
Florida QC/IQA |QC QCIQA QC/IQA |QC QC/IQA |QC QC/QA | QC/IQA | QCIQA
Georgia QC/IQA |QC QC/IQA |QC/IQA [QA QCIQA QC/IQA | QA QA
Idaho QC QCIQA QC/IQA |QC/IQA [QA QA QC
Illinois QC/QA | QCIQA QC/QA | QCIQA QCIQA QCIQA
Indiana QC/IQA |QC QC/QA | QC/IQA |QC/IQA |[QC/QA QC/IQA | QCIQA [QA
Kansas QC/QA | QC/IQA |QA QCI/QA QC/QA | QC/QA |[QC/QA |QC/QA |QC/QA |QC/QA |QC/IQA |QC
Kentucky QC QC/QA | QC/QA | QCIQA QC/QA | QCIQA
Maine QCI/QA QC/QA | QC/QA | QCIQA QCIQA QC/QA | QC/IQA |QA
Maryland QCI/QA QC QA QC/QA | QCIQA QCIQA QCI/IQA
Michigan QC QC/QA | QC/IQA |QC/IQA |[QC/QA QA QA
Minnesota QC/QA | QCIQA QC/IQA | QC/IQA [QC/QA |QC/QA |QC/QA |QC/QA |QA QC/IQA |QC
Mississippi QC/IQA |QC QC/QA | QC/IQA | QCIQA QCIQA QA QA QA
Missouri QCIQA QC/QA | QC/IQA | QCIQA QC/QA | QC/IQA | QCIQA
Nebraska QCI/IQA QC/QA | QC/QA |QC/IQA |[QC/QA QC/QA | QCIQA
Nevada QA QC QA QA QA QC QC QC QA QA
New Hampshire | QC/QA | QC QCI/IQA QA QCI/QA QC QC QA
New Jersey QCIQA QC/QA | QCIQA QC/QA | QC/QA QCIQA QCIQA QCIQA
New York QA QCIQA QA QC/QA | QC/IQA | QCIQA QCIQA QC/QA | QCIQA
North Carolina | QC/QA QC/QA | QCIQA QC/IQA | QC/IQA [QC/QA |QC/QA |QC/QA |QC/QA |QC/IQA |QA
North Dakota QCIQA QC/QA | QCIQA QCIQA QCIQA
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Table 3.2 (Continued)

Agg. Asphalt Voidless | Dust-to- .
SHA Grat ngg S Content [APM [y fyma  fUnic  |asphat |Tsr |Mix - |Ma ] Smooth-
(extract) Grad. Content (extract) Content Weight | Ratio Temp. Density | ness
Ohio QC/QA | QC/QA QC/QA | QC/IQA |QC/IQA |QC QCIQA QC QC
Oklahoma QC/QA QC/QA | QC/QA QC/QA
Oregon QC/QA | QC/QA QC/QA | QC/QA | QC/QA |[QC/QA QC QC/QA | QC/IQA |QC
Pennsylvania QC/QA | QC/QA QC/QA | QC/IQA [QC QC QC QC/IQA |QC QC
South Carolina | QC QC QA QA QC QC QC QC/QA
South Dakota QC/QA QA QC/QA QC/QA QC/QA | QC/IQA |QA
Texas QC QC QC QC QA QC QA
Utah QC/QA QC/QA | QC/QA | QC/QA QC QC/IQA | QC
Vermont QC QC QC QC/QA QC QA
Virginia QC/QA QC/QA QC/QA | QC/QA | QC/QA
Washington QA QA QA QA
West Virginia QC/QA QC/QA | QC/QA | QC/QA QC/IQA | QA
Wisconsin QC/QA | QC/QA QC/QA | QC/QA | QC/QA |[QC/QA
Wyoming QC QC/QA QA QC QC QC/IQA | QA




From Table 3.2, it can be seen that extracted and non-extracted aggregate gradations, clay content,
extracted and non-extracted asphalt contents, VTM, VMA, voidless unit weight, dust-to-asphalt ratio,
tensile strength ratio (TSR), mixture temperature, mat density, and smoothness make up the majority of
the mixture and mat characteristics that are being controlled through quality control and quality assurance
testing. Other mixture and mat characteristics that are sometimes required by the state for quality control
and quality assurance testing include aggregate moisture content, liquid limit and plastic limit (LL&PI),
coarse and fine aggregate angularities (FAA and CAA), Marshall stability, Marshall flow, bulk and
maximum specific gravities, Superpave compaction gyratory numbers, mat thickness, and cross slope.

3.2.7 Certification of QC/QA Testers

Precise and accurate testing is an essential part of an asphalt pavement QC/QA specification program.
Test results are many times used to determine the payment amount that a contractor will receive for its
work. It usually doesn't matter whether the results are from quality assurance or quality control testing,
because in most cases the two are made to complement one another. Many QC/QA specifications are set
up in such away that afew quality assurance tests verify a group of quality control tests. In these cases,
both sets of tests need to be accurate and precise to avoid any conflict that may occur between the SHA
and the contractor. To make the construction process as seamless as possible, certification is often
required of material testers.

All of the responding SHAs having an asphalt pavement QC/QA program require some level of
certification of the persons doing the testing. Of the 38 SHASs responding to the question, all but Alaska
require that all testing technicians doing quality control testing be certified. Alaskais the only SHA that
does not require any certification for technicians, supervisors, or engineers for quality control testing.
Only 10 of the 38 SHASs require the quality control testing supervisors be certified. Of the 38 responding
SHAs, al but Nebraska and Vermont require that all technicians doing quality assurance testing be
certified. Nebraska and Vermont are the only SHAS not to require any certification for quality assurance
testing. Only 8 of the 38 SHASs require the quality assurance testing supervisors be certified.

3.2.8 Variable Control Levels

Not all projects are treated in the same respect. If aproject islarge or is deemed important by the SHA,
the way the quality of that project is controlled may differ. Or, if aproject is small enough, quality control
of the materials may not be needed at al. These are the reasons why some SHAs may have different
levels of control. These different levels of control are defined by their differing test requirements. If a
project is considered very important, the SHA may require a larger variety of tests or a higher testing
frequency to ensure a quality product.

Eighteen of the 39 responding SHAS use an asphalt pavement QC/QA specification that utilizes multiple
levels of control. Among these SHAS, the number of levels of control ranges from two to six. Seven of
the SHASs utilize two different levels of control, four of them utilize three, three utilize four, one is
utilizing five, one is utilizing six different levels of control, and the rest did not provide the number of
control levels used. The factors that influence the choice of level of control used on a project are
summarized in Table 3.3. None of the 18 SHAs base their choice of level of control on the type of project
funding or available personnel. Most of them, on the other hand, base their choice of level of control for a
project on the quantity of material being produced. Some other factors that play a role in choosing the
level of control are type and application of mixture, quality characteristics, mixture verification process at
the start of production, and results of completed tests.
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Table 3.3 Factors Used in Determining the L evel of Control

uantity of Traffic Type of Type of

SHA l(\g/lateria)ll Loads Fgg lity C)(;?]struction Others

Alaska X

Arkansas X Type of mix

Cdifornia Quality characteristic
Mix verification

Colorado X process at the start of
production

Illinois X X

Kansas X

Kentucky X X E/?Jﬁdapplicgt?on mix

Maine X X X X

Missouri X X

New Y ork X X

Oregon

Pennsylvania | X X

South Dakota tI'«;;ts:lts of completed

Vermont X

Washington | X

West Virginia | X

Wisconsin X

Wyoming X X X

At different levels of control, the requirements of QC/QA vary. Table 3.4 shows some of the differences
among the different levels of control for each of the 18 SHAs. These differences include quality control
testing frequency, quality assurance testing frequency, and the number of properties controlled. Some
others are also included in the table.

3.2.9 Incentive and Disincentive Policies

QCI/QA is usudly built upon a statistically based specification, which is based on random sampling,
where properties of the desired product or construction are described by appropriate statistical parameters
(TRB, 1999). By knowing the properties that are representative of a quality product, SHAs are able to test
and measure those properties to determine the quality of the product produced. With this ability, SHAs
can pay the contractor for the product that was produced regardiess of the bid price. This use of pay
adjustment is a disincentive to the contractor, and is intended to encourage the production of a quality
product. Incentives are also used in a similar fashion. All of the SHAs responding to the question use
disincentives in their programs, and all but four of them use incentives. The SHAS not using incentives
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are Maryland, North Dakota, Virginia, and Wisconsin. Maryland, however, is in the process of including
incentives.

Table 3.4 Variationsamong Different L evels of Control
s [ ] e o] o
Alaska Number of acceptance tests
Arkansas Additional testing
Cdlifornia X X
Colorado X X
[llinois X X
Kansas X X
Volumetric properties of mixes on mainline and
Kentucky shoulder applications (i.e., AC, AV, VMA, density,
leveling)
Maine X X
Missouri X
New Y ork X X
Visua inspection along with previous test results
Oregon X X X indicating specification product has been supplied
for job less than 2500 tons
Pennsylvania X
South Dakota | X X X
Vermont X
Washington X Reduction in frequency for jobs less than 2500 tons
West Virginia | X
Wisconsin X X
Wyoming X X X

The asphalt mixture and mat attributes that are considered by the SHASs for adjusting pay are summarized
in Table 3.5. Mat density, asphalt content, air voids, aggregate gradation, and smoothness are commonly
used asphalt pavement attributes used in the adjustment of contractor pay. VMA, thickness, Gm, cross-
dope, and lab densities are some of the others that are considered by a few of the SHAs. The pay factor
ranges corresponding to these attributes can also be found in Table 3.5. These pay factor ranges are
representative of the range of product quality the SHA is willing to accept. Twenty of the 39 SHAs
responding to the question use an eguation that combines all of the individual pay factors. The composite
pay factor (PF.) equations provided can be seenin Table 3.6.
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3.2.10 Program Evaluations

Twenty-four of the respondents having an asphalt pavement QC/QA program have evaluated their
programs for effectiveness. Three of them are currently in the process of performing such an evauation.
The majority of the programs are under constant review, either in aformal or informal manner.

Of the SHASs that did aformal or informal evaluation of their QC/QA program, the magjority of them were
mostly concerned with a select few asphalt mixture properties. Ninety-one percent of the respondents
used asphalt content as a variable for evaluation, 83 percent used density data, 78 percent used air void
data, and 70 percent used aggregate gradation data. VMA was also used as a variable to evauate
programs by 48 percent of the SHASs that had responded. Dust-to-asphalt ratio, film thickness, rutting, and
smoothness were among some of the other characteristics used in asphalt pavement QC/QA program
evaluations.

The lengths of time between asphalt pavement QC/QA program implementation and evaluation ranged
from six months to six years. These account for the mgjority of forma evaluations. Many informal
evaluations are performed on a continuous or periodic basis.

Overall, the results of asphalt pavement QC/QA specification program evauations have been very
positive. Of the 24 responding SHAs that evaluated their QC/QA specification program, Maryland was
the only one claiming to have mixed reviews and to discover that its program was still in need of
adjustment. The other 23 programs proved to be effective. Alabama, California, Colorado, Georgia,
Indiana, Maine, Pennsylvania, and Texas have all had the results of their evaluative analyses published.

The use of QC/QA specifications demands that many tests be performed before, during, and after the
construction of asphalt pavement. This large amount of testing may increase the initial cost of
construction. The use of incentives or bonuses may also cause asimilar increase. Of 37 SHASs responding
to the question, 10 claim that QC/QA isincreasing the cost of construction, one states that it probably is,
18 claim that they are seeing no such increase, and five don’t know whether QC/QA is causing increases
in construction cost or not. The remaining three SHAs claim that there are increases in construction costs
for some projects due to QC/QA but that they are washed out overall. Of 30 SHAS, 15 estimate that 80
percent or more of the QC/QA projects bid receive an incentive.
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Table 3.5 Asphalt Pavement Attributes Used for Payment Adjustmentsand Their Corresponding Pay Factor Ranges

Pay Factor for

SHA Pay Factor for | Pay Factor for Air |Pay Factor for Aqgregate Pay Factor for | Pay Factor for Other Attributes
Mat Density Voids Asphalt Content Gradation Smoothness Attributes Pay Factor

Alabama 0.80to0 1.02 0.80t0 1.02 0.80t0 1.02 0.80to0 1.05

Alaska 0.75t0 1.05 0.75t0 1.05 0.75t0 1.05 ggggg to

Arkansas N/A N/A N/A 3.0% to -4.0%

Cdifornia 0.75t0 1.05 0.75t0 1.05 0.75t0 1.05

Colorado ?61_506030 (1.025 g:ggo;o (1.025 to g:ggo;o (1.025 to 0,010 0.10/sq, yd

Florida 0.75t0 1.05 0.80to0 1.00 0.80t0 1.00

Georgia 0.50t0 1.00 0.50t0 1.00 0.50t0 1.00 0.751t01.00 0.651t01.00

Idaho 0.75t01.05 N/A 0.75t01.05 N/A Grinding to 1.05

Illinois 0.80t01.05 0.80t0 1.05 0.80t0 1.05

Indiana N/A 0.85t01.05 0.85t01.05 0.85t01.05

Kansas 0.70t0 1.04 0.800 to 1.030 iﬁ?eas;(:)tifr}/?gngl

Kentucky 0.85t0 1.05 0.85t0 1.05 0.85t0 1.00 0.75t0 1.00 VMA 0.85t0 1.00

Maine 0.55t0 1.05 0.55t0 1.05 0.55t0 1.05 0.75t0 1.05 VMA 0.55t0 1.05

Maryland 0.75t0 1.00 0.75t0 1.00 0.75t0 1.00

Michigan 0.75t0 1.06 0.75t01.04 0.75t01.04 Gmm 0.75t01.04

Minnesota 0.50t0 1.04 0.50t0 1.00 0.50t0 1.00 0.50t0 1.00 0.50t0 1.00

Mississippi 0.70to0 1.00 0.50t0 1.00 0.75t0 1.00 0.75t0 1.00 0.90to0 1.05 VMA 0.75t0 1.00

Missouri 0.00to 1.05 0.00to0 1.05 0.00to0 1.05 0.93t0 1.07 VMA 0.00to0 1.05

Nebraska 0.70t01.00 0.50t01.02 0.90t0 1.05

Nevada 0.70to0 1.05 0.70to0 1.05 0.70to0 1.05 0.90to0 1.05

H%p e 0.75t0 1.05 0.751t0 1.05 0.751t0 1.05 0.751t0 1.05 ;2‘;5”& 10551 0.75t0 1.05

New Jersey N/A N/A Thickness

N/A indicates that there is a pay factor range, but the numbers are unavailable.
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Table 3.5 (Continued)

Pay Factor for

Pay Factor for Air

Pay Factor for

Pay Factor for

Pay Factor for

Pay Factor for Other Attributes

SHA Mat Density Voids Asphalt Content é?agc;:t?g)atrs Smoothness Attributes Pay Factor
New York 0.60t01.05 0.85t01.05 N/A
North Carolina | 0.50 to 1.00 0.50to 1.00 0.50to 1.00 0.70to 1.00
North Dakota | N/A N/A
Ohio 0.70t0 1.04 0.70to 1.00 0.70to 1.00 Replace to 1.05
Oklahoma 0.50t0 1.00 0.79t0 1.00 0.80to 1.00 0.76t0 1.00 0.80to0 1.03
Oregon 0.75t0 1.05 0.751t01.05 0.751t01.05 0.751t01.05

bonus. $0 to
Pennsylvania | 0.50to 1.00 0.50t01.00 0.50t01.00 $300/0.1 lane-

mile
South Carolina |0.85t0 1.05 0.85t01.05 0.85t01.05 VMA 0.85t01.05
South Dakota | 0.85t0 1.05 0.85t01.05 0.90t0 1.04
Texas 0.700 to 1.050 Lab Density 0.70t01.05
Utah $0.91 to -2.27/ton $0.91 to -2.27/ton | $0.91 to -2.27/ton | N/A
Vermont 0.80to0 1.03 0.93t01.03
Virginia N/A N/A N/A N/A
Washington 0.75t01.02 0.75t0 1.03 0.75t0 1.03
West Virginia | 0.881t0 1.00 (()é%ierp;\(/)e) 100 (()é%ierp;\(/)e) 100
Wisconsin 0.50to 1.00 0.75t0 1.00 0.75t0 1.00 VMA 0.75t0 1.00
Wyoming 0.50t01.10 0.75t01.05 0.75t01.05 N/A

N/A indicates that there is a pay factor range, but the numbers are unavailable.




Table 3.6 Composite Pay Factor Equations Used by SHAsfor Adjusting Payment

SHA Composite Pay Factor Equation
PFC = Sum of (W| ’ PFQCi)
e where, W = weighting factor,
California PFoc = individual quality characteristic pay factor,
i = quality characteristic index number.
PF-=0.20" Gradation+0.30" AC+ 0.50" Density
Colorado Smoothness is a separate el ement.
Idaho PFc=0.40" PFpensity + 0.30 " PFaspraLt + 0.30© PFacerecaTe
llinois PFc=0.50" (PWL) + 0.55, with afinal pay cap of 1.03
where PWL = percent within limits.
Indiana PFc=0.20" AC+0.35" Mat Density +0.35" AV +0.10" VMA
K entuck PFc=0.10" AC+0.25" AV +0.25° VMA +0.40" Density (by cores)
y for mix accepted by volumetrics, i.e., Superpave mix used on mainline applications.
Maine PFc=0.60" Density +0.20" Voids+ 0.10" VMA +0.10" AC
On pilots, smoothness is a separate pay adjustment.
Missouri PFc=0.25" (PF_DENSITY + PFac + PRyma + PFA_\leo_ms)
Smoothness applied separately. Removal required if total pay factor less than 50%.
(Single Air Void) © (Ave. of 4 Air Void) ~ (Density)
Nebraska All pay adjustments apply to mainline tonnage.
Only density adjustments apply to shoulder tonnage.
. Weight factors: gradation, 0.15; AC, 0.15; AV, 0.20; thickness, 0.10; smoothness, 0.30;
New Hampshire
and cross slope, 0.20.
Currently it is the average of the individual pay factors for air voids, thickness, and
New Jersey smoothness, but a new specification is being developed, which is believed to be a
significant improvement.
PFc=[3" (AC+ AV + Density) + Gradation]/10
Oklahoma Smoothness is independent.
Factors depend on type of HMA.
Oregon )
Smoothnessis evaluated separately.
Lp=Cp~ [(2Pp + Py)/400]
where Lp = lot payment,
Pennsylvania Cp = contract unit price per lot,
PD = denS|ty,
Pu = sum of %AC & % passing #200 sieve payment factors.
South Carolina LPF=0.20" PFac +0.35 . PF,y +0.10 ’ PF/ma + 0.35 . PFpengTY
South Dakota 50:50 between mat density and AV.
TPA = (A +B)/2
Texas where A = bid price” production lot quantity ~ pay adjustment factor for production,

B =hbid price” placement lot quantity tested for air voids ™ pay adjustment factor for
placement + bid price” placement lot quantity not tested for air voids ™ 1.00.
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3.3 Region 8 Responses

The evaluation of the effectiveness of WYDOT's QC/QA specification in decreasing HMA variability is
being used as a case study for this research. This case study is meant to be a springboard to the evaluation
of the effectiveness of all QC/QA specifications in decreasing HMA variability. Next in line are the SHAS
that form Region 8, which is defined by the Federal Highway Administration. WYDOT is one of these
states. There are five others, Colorado, Montana, North Dakota, South Dakota, and Utah. Each one of
these SHAs responded to the questionnaire that was distributed. The information that was gathered about
their QC/QA specification programs with the questionnaire is presented individually for each of these five
SHAs.

3.3.1 CDOT's QC/QA Specification Program

According to their response to the questionnaire, the Colorado Department of Transportation (CDOT) has
had a QC/QA program for asphalt pavements since 1992. It started as a pilot program at that time and was
adopted as a standard in 1995. In this period of time, CDOT’'s QC/QA program was significantly
modified twice. The modifications as quoted from the questionnaire are as follows. “Based on historical
data since the inception of QC/QA we reduced the standard deviations used in the pilot program. The
second modification was to allow the engineer to accept asphalt using void properties for QC/QA.” Since
the 1992 implementation of this program, CDOT has completed more than 250 projects under their
asphalt pavement QC/QA program. Projects of all sizes, for Interstate, primary, and secondary roadways
are being constructed under CDOT’'s QC/QA specification program. This program was evaluated for
effectiveness three years after implementation. The report for this evaluation titled “Hot Bituminous
Pavement QA/QA Pilot Projects Constructed in 1994 and Summary of the 1992-1994 QA/QC Pilot
Program” was written for CDOT in 1995 by Bud A. Brakey. From this evaluation, it was found that
CDOT’s QC/QA program for asphalt pavement proved to be effective. Some of the asphalt mix properties
that were used in the evaluation include density, asphalt content, and aggregate gradations.

Within CDOT’s QC/QA program, the SHA is responsible for conducting the quality control testing. The
SHA isaso responsible for evaluating the quality control test results and initiating corrective action when
necessary. CDOT is, however, changing the SHA’s and contractor’s roles in quality control. Currently,
both the SHA and the contractor are doing quality control testing, but the contractor’s testing is required
only to assure that the material is meeting specifications throughout the project. CDOT is now moving
toward accepting the contractor’s quality control test results for incentive and disincentive payment
purposes. The SHA also does quality assurance testing, of which the number of tests performed for a
typical project varies significantly. CDOT is not moving to change either the SHA’s or the contractor’s
involvement with quality assurance testing in any way. Quality assurance testing is used for quality
control test result verification. The approximate ratio between the number of quality assurance and quality
control tests performed per project is 1:10. The mixture properties required by the SHA to be tested for
both quality control and quality assurance purposes are mat density, asphalt content, voidless unit weight,
and aggregate gradation. All testing technicians are required to be certified to perform quality control and
guality assurance testing under CDOT’s QC/QA specification program.

CDOT'’s asphalt pavement QC/QA program depends on three different levels of control. The level of
control used for a given project is dependent on the quantity of material used for that project and the mix
verification process at the start of production. Both the quality control testing frequencies and the number
of control properties vary among these different levels of control. There are also three different levels, or
classes, of specified asphalt mixture properties. The choice of which specified mixture properties are used
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for a given project depends on the traffic loads. The required mixture properties specified within in these
different classes are L.A. abrasion resistance, compaction energy, stability, voids in production mix,
temperature, VMA, minimum tensile strength retained, voids in laboratory mix, and VFA. Most of these
are considered only in the design process, but some are used to determine the quality of the asphalt mix
and pavement. Both incentives and disincentives are used in CDOT’s QC/QA program. The attributes
being used to adjust the pay are mat density, asphalt content, aggregate gradation, and smoothness.
Smoothness is considered as a separate pay item. The pay factor for smoothness ranges from 0.0-
0.10/square yard. The pay factor ranges for all the rest of these attributes range from 0.75-(1.025-1.060).
The upper limit on the pay factors for these varies on the number of results. The equation used to factor
together the individual pay factorsis: 0.20 x (Gradation) + 0.30 x (Asphalt Content) + 0.50 x (Density).
The attributes being used to adjust the pay do not vary with the mix design method used. About 95
percent of the projects let under CDOT’s QC/QA program are receiving incentives, but is not increasing
the cost of construction.

3.3.2 MDT's QC/QA Specification Program

The Montana Department of Transportation (MDT) does not use a true QC/QA specification for asphalt
pavement. In response to the questionnaire, MDT sent a letter with the following statement: “Under our
program, the state does all quality assurance testing. The contractor generally does some quality control
testing. This is generally limited to density control and the results of this testing is not reported to the
state. We do density testing on the finished product for acceptance. The program includes incentives and
disincentives on severa items including cold feed gradations, density, and ride (IRI). On larger projects
we have an asphalt test trailer on site.”

3.3.3 NDDOT’s QC/QA Specification Program

The North Dakota Department of Transportation’s (NDDOT) asphalt pavement QC/QA specification
program was implemented for asphalt pavements in 1994. To date, approximately 70 projects, about 10
per year, have been completed under NDDOT's QC/QA program. This QC/QA program is used on
projects 10,000 tons or greater in size on interstate, primary, and secondary road types. Since
implementation, four major changes to the program have been made. The first change is that NDDOT
now requires bituminous technician training for contractor and state personnel; second, NDDOT has
added independent assurance testing; third, NDDOT has shifted the responsibility for the mix design to
the contractor for QC/QA. The fourth change was made to integrate Superpave with QC/QA. In the first
year after implementation, NDDOT's QC/QA program was evaluated for effectiveness. The evaluation
was an internal evaluation performed by the NDDOT Construction and Materials Divisions. Density,
aggregate gradations, VMA, asphalt content, air voids, dust/asphalt ratio, and film thickness data was
used for the evaluation. From this evaluation, it was found that NDDOT's asphalt pavement QC/QA
program proved to be effective. The results of the evaluation have not been published.

Within NDDOT’s asphalt pavement QC/QA program, the contractor is responsible for conducting the
quality control testing. The responsibility for evaluating the quality control test results and initiating
corrective action is shared between the contractor and the SHA. Besides this involvement in quality
control, the SHA also does quality assurance testing. A minimum of 10 percent of the frequency required
for quality control tests is required of the SHA for quality assurance testing throughout most of the
project. About two quality assurance tests are performed per day for atypical project. Quality assurance
tests are used for quality control test result verification, initial correlation, and for confirming asphalt mix
quality. NDDOT is not moving to change the contractor or SHA’s involvement with quality control or
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quality testing in any way. The mixture properties required by the SHA to be tested for both quality
control and quality assurance purposes are: mat density, asphalt content, voidless unit weight, air voids,
and aggregate gradation. All testing technicians are required to be certified to perform both quality control
and quality assurance testing. The NDDOT district materials coordinators are required to be certified to
perform quality assurance testing.

The QC/QA program that NDDOT uses for asphalt pavements does not have different levels of control.
It does, however, have four different levels, or classes, of specified asphalt mixture properties. The class
of required properties used for a project depends on the traffic loads and the type of facility being
constructed. The characteristics specified within these required mixture properties are: L.A. abrasion
resistance, stability, film thickness, voids in production mix, VMA, dust-to-asphalt ratio, flow, voids in
laboratory mix, and percent crushed fines. NDDOT uses disincentives within their QC/QA specification
program to help control quality. These disincentives are applied to mat densities, asphalt content, and
aggregate gradations. These attributes do not vary with the mix design methods used. Incentives are not
used in this program. An equation for factoring together the individual pay factorsis not used. The overall
cost of construction, according to NDDOT, has not increased with the implementation of their QC/QA
specification program.

3.3.4 SDDOT's QC/QA Specification Program

The South Dakota Department of Transportation (SDDOT) implemented a QC/QA program for asphalt
pavementsin 1997. To date, approximately 100 projects have been completed under this program. These
projects were 10,000 tons and greater in size and included interstate, primary, and secondary roadways.
Since implementation, yearly minor changes to the program have been made. An evaluation of SDDOT’s
QCI/QA specification program proved the program to be effective. The properties used in the evaluation
were density, aggregate gradation, asphalt content, and rutting. Data for most of these properties were
collected yearly through cores taken from some of the projects constructed. The results of the evaluation
have not been published.

Within SDDOT’s QC/QA specification program, the contractor is responsible for performing the quality
control testing, evaluating the results of those tests, and initiating corrective action when processes are out
of specification. Quality assurance testing is the responsibility of the SHA. The approximate ratio
between the number of quality assurance and quality control tests performed for a typical project is 1:5.
The exact number of quality assurance tests, however, varies significantly from one project to another.
The quality assurance test results are used for quality control test result verification and initial
correlations. SDDOT is not moving to change either the SHA’s or contractor’ s involvements with quality
assurance or quality control testing. Independent assurance sampling is also a part of SDDOT’s QC/QA
program. |ndependent assurance samples are taken by SDDOT regional lab personnel at a rate of one per
10,000 tons of mix produced. The mixture properties required by the SHA to be tested for quality control
purposes are: mat density, voidless unit weight, LL and PI, air voids, aggregate gradation, and
temperature. The mixture properties required by the SHA to be tested for quality assurance are: mat
density, asphalt content, smoothness, voidless unit weight, LL and PI, air voids, aggregate gradation, and
temperature. All testing technicians must be certified to do both quality control and quality assurance
testing.

SDDOT' s QC/QA specification program uses multiple levels of control. These levels of control are based
on a minimum testing frequency requirement and are dependent only on the results of the completed tests.
With changes in level of control, both quality control and quality assurance testing frequencies, and the
number of control properties vary. This QC/QA program also makes use of three different classes of

36



specified mixture properties. The class of specified mixture properties used depends on traffic loading.
The characteristics specified within these three different classes are: L.A. abrasion resistance, compaction
energy, stability, voids in production mix, temperature, VMA, dust-to-asphalt ratio, flow, minimum
tensile strength retained, voids in laboratory mix, and mix moisture content. For incentive/disincentive
purposes, mat density, air voids, and smoothness are used. Mat density and air voids have possible pay
adjustment ranges of 0.85 to 1.05, and the possible pay adjustment range for smoothness is 0.90 to 1.04.
These attributes that are being used for pay adjustment do not vary with mix design method. In
determining the overall pay factor, the individual pay factors for mat density and air voids are factored
together weighted equally at 50 percent. Smoothness is a separate pay factor altogether. Overall, the
QCI/QA program isincreasing the cost of construction. Approximately 80 percent of the projects let under
SDDOT’ s QC/QA program are receiving incentives.

3.3.5 UDOT's QC/QA Specification Program

The Utah Department of Transportation (UDOT) implemented an asphalt pavement QC/QA program in
1997. Currently, about 90 projects have been constructed under this program. This QC/QA program is
used for projects greater than 10,000 tons involving interstate, primary, and secondary roadways. Since
implementation, the program has been significantly modified twice. The first modification involved the
removal of referee testing. The second modification involved the introduction of incentives and
disincentives for VMA. The program was evaluated for effectiveness one year and three years after
implementation. The program proved to be effective. The evaluations were not published.

Within the QC/QA specification program, the contractor is responsible for conducting and evaluating
quality control testing and for initiating necessary corrective actions. Quality assurance testing is
performed by the SHA. Four quality assurance tests per lot per day are performed for a typical project.
The approximate ratio between the number of quality assurance and quality control tests performed is 1:1.
These quality assurance tests are used for final pay adjustments and acceptance. UDOT is not moving to
change either the SHA’s or contractor’s involvements with quality control or quality assurance. The
mixture properties required by the SHA to be tested for quality control purposes are: mat density, asphalt
content (T-308), smoothness, air voids, aggregate gradation (T-308), VMA, and temperature. The mixture
properties required to be tested for quality assurance purposes are: mat density, asphalt content (T-308),
air voids, aggregate gradation (T-308), and VMA. Under this program, certification for all quality control
and quality assurance testing techniciansis required.

UDOT’'s QC/QA specification program does not utilize multiple levels of control. There are, however,
two different classes of specified asphalt mixture properties. These two classes are dependent on the type
of facility being constructed. The characteristics specified within these classes are minimum percent
asphalt, and VMA. UDOT uses an incentives/disincentives policy that is based on dollars/ton. For mat
density, asphalt content, and aggregate gradation, a pay adjustment range of —$2.27/ton to +$0.91/ton is
used. Pay adjustments for smoothness are under a different specification, where the bonuses are based on
tonnage. UDOT does not use a single equation to factor together the individual pay factors. The attributes
being used to adjust pay do not vary with mix design method. About 80 percent of the projects let under
this QC/QA program are receiving incentives. Overall, this program is not increasing the cost of
construction.
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3.4 Chapter Summary

A comprehensive guestionnaire regarding asphalt pavement QC/QA specification programs was written
and was distributed to the 50 SHAs in July 2001. There were 45 responses to the questionnaire. All of the
responses to this questionnaire were summarized, and the individual responses of those SHAs that are in
Region 8 were presented individualy.

From the summary of the responses, the following conclusions could be made. Of the 45 SHAS that
responded to the questionnaire, 40 or nearly 90 percent have implemented an asphalt pavement
construction QC/QA specification program. The first of these QC/QA specification programs emerged as
early as 1968, but most of the programs (more than 80 percent) were implemented after 1985. For most of
the SHAs, implementation of a QC/QA specification is a relatively new venture, and as a result the
QCI/QA specifications for asphalt pavement construction are till in the stages of development. Each SHA
that uses a QC/QA specification for asphalt pavement construction has its own version of a similar
concept. Different versions of the QC/QA specification concept may vary significantly in requirements.
The differences include the scope of QC/QA, quality control responsibilities, quality assurance
responsibilities, quality assurance testing, properties to be tested, certification of testers, variable control
level, and incentive and disincentive policies. In general, previous evaluations of asphalt pavement
QC/QA specifications by individual SHAs have resulted in positive reviews. As a result of QC/QA
specification, some SHASs are seeing an increase in initial construction costs, while most of them are not.

Along with Wyoming, Colorado, Montana, North Dakota, South Dakota, and Utah make up Region 8 as
defined by the FHWA. Of the five additional SHAS, four utilize a QC/QA specification program for the
construction of asphalt pavement. Montana does not have such a program. Colorado implemented a pilot
program for QC/QA in 1992, which was adopted as a standard in 1995. North Dakota implemented its
program 1994. South Dakota implemented its program in 1997. Utah implemented its program in 1997.
All of these QC/QA specification programs are very new. The details of these programs vary among the
four different SHAS.
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4. DATA COLLECTION

4.1 Introduction

After a new specification has been implemented and has been in use for a short period of time, it is
important to determine the effectiveness of that new specification in terms of pavement quality
improvements. The first step in doing this evaluation is the collection of necessary data. Usually, these
data are collected by means of a statistically designed experiment. Such a method would ensure the
collection of the most credible and useful data possible. However, this controlled method of data
collection is not always possible, and usually the thought of doing an evaluation comes after the fact. In
these cases, an aternative method of data collection must be found. One alternative is to gather data that
have aready been collected for other purposes. This is not always the case, but QC/QA specifications
usually have a very large amount of existing data ready to be collected and used to analyze the QC/QA
specification. These data come from the great amount of testing associated with quality control and
guality assurance. However, not al data collected outside of an experiment are useful, so great care needs
to be taken to determine what data can and should be used for analysis. After determining the best type of
data to use for a statistical evaluation of the specification, a useful set of such data must be collected,
sorted, and prepared for analysis. In this chapter, the data that are needed for the evaluation of the
effectiveness of QC/QA specifications in decreasing variability is discussed, followed by a description of
the data set that was used to evaluate WY DOT’ s QC/QA specification.

4.2 The Type of Data Needed

The type of data needed to evaluate the effectiveness of a specification must be closely associated with
both the differences between the specification and its predecessor and the expected effects the use of the
specification will have on the materials being produced. In the case of a QC/QA specification, the major
difference between it and the previous non-QC/QA specification comes with the increased amounts of
testing performed throughout the production and placement of the HMA. This increased testing is
intended to help the contractor in keeping better control of the quality of the mix being produced. With
more frequent testing, the contractor is able to detect any problems with the mix production operations
more quickly and allows for the quick adjustments needed to continue the production of a quality mix. A
quality mix is a mix that adheres to the project’s asphalt mix design. A mix that significantly deviates
from the design is undesirable. Decreasing the variability about the mix design of the HMA being
produced is the major focus in the evaluation of a QC/QA specification. This focus covers the mgjor
difference between the new specification and the old, and the expected effects the specification will have
on the materials produced.

For amore detailed analysis, other factors should also be considered. These factors are associated with the
variations that can be found among the many different projects that are being built under the new
specification. The year of construction, whether RAP was included in the mix, and the classifications of
the roadways being paved are just a few additional factors that could provide for a more detailed analysis.
The year that the project is constructed would help to explain the variations that may result from minor
adjustments to the QC/QA specification that may occur over time, and may also reflect the learning curve
that is so often associated with introduction of a new specification. Including RAP use as a factor in the
analysiswill reveal whether or not a QC/QA specification demonstrates similar control of HMA produced
of recycled materials as it does with HMA produced of virgin materials. The effect of road classification
could be an indirect measure of the effect of roadway importance or the caliber of the contractor doing the
job. Year constructed, RAP use, and road classification are the additional three factors that were
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considered in evaluating the effectiveness of WYDOT's QC/QA specification in decreasing variability.
These are just three examples of factors that could be used to broaden the conclusions of an analysis.
There are many other factors that could also be considered. The factors that are used should be unique to
the QC/QA specification being evaluated.

In order to statistically measure the effects that a QC/QA specification is having on HMA variability, a
data set closely related to the quality of the mix was to be collected. The variability of an asphalt mix is
indicated by the absolute deviation of the mix from the project’s mix design. A mix design consists of the
aggregate gradation, asphalt content, and volumetric properties that characterize the HMA that is optimal
for certain service conditions. The aggregate gradation is described by the IMF. The volumetric properties
arethe VMA and the VTM. These are the HMA properties that describe the consistency of HMA, and the
variability of these four properties reflects the variability of the HMA as a whole. All HMA
characteristics stem from these four properties.

The data set must consist of measurements of the properties of the HMA that is being produced
throughout production, and the design values to which they are to be compared. Also, information
regarding the additional factorsthat are to be considered in the evaluation is needed.

4.3 Sources of Existing Data

WYDOT had a large amount of data on file useful in evaluating the effectiveness of their QC/QA
specification in decreasing HMA variability. These data were aresult of the great amount of testing that is
required with the use of the QC/QA specification. Frequent testing and monitoring is essential to control
the HMA being produced. These tests measure the properties and consistency of the HMA and are
representative of the HMA that was produced under the QC/QA specification. These were compared
directly to the project’s mix design to determine the level of adherence. These available data are typical in
the case of most QC/QA specifications. Similar data were aso found to support the performance of the
non-QC/QA specification. These data were the result of the verification and quality assurance tests
performed by WY DOT. These were representative of the HMA that was produced under the non-QC/QA
specification. The amount of data available for the representation of the non-QC/QA specification was
much less than the amount of data available for the QC/QA specification, but these unbalances are easily
accounted for. The information needed to connect the additional factors to the different sections was
found with the filed data. The JMF letters were also available. These were used to confirm the design
value or target values for the data collected for the different pavement sections constructed.

The data sets representing the HMA produced under WY DOT's QC/QA and non-QC/QA specification
are unbalanced in two regards, but these unbalances were easily accounted for. The first unbalance comes
with the amount of data available to represent the two specifications. Due to the nature of the
specifications, the QC/QA specification has much more supporting data than does the non-QC/QA
specification. This unbalance, however, was easily accounted for by statistically weighting the data. The
quality of the pavement sections with the larger amounts of test data are better represented and therefore
were assigned a larger weight. The other apparent unbalance in the data comes from the non-uniform
testing. For one, the testing was done under two different specifications. Secondly, the contractor
performed nearly all the testing under the QC/QA specification, and testing done under the non-QC/QA
was done solely by WYDOT. The sets of data seem to lack balance, but in fact they do not. Qualified
testers under a uniform testing standard performed all tests. This makes the tests equal regardliess of who
did the testing and when the testing was done. The data set collected to evaluate the effectiveness of
WYDOT’s QC/QA in decreasing HMA variability is credible.
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Even though all of the data required for an evaluation were on file at the WY DOT central office, they till
needed to be gathered and organized. This process turned out to be fairly tedious but was relatively easy
compared to the experimental testing alternative. The information needed was not al located in one place,
nor was it in a form that was easily useable. The data were intended solely for the control of mixture
production and for pay adjustments during the pavement construction period. After that, the data were
stored away, never to be used again. However, the data were successfully collected, validated, and placed
into a spreadsheet format where the data could easily be used and manipul ated.

4.4 Finished Data

The data set collected for evaluation of WYDOT’s QC/QA specification was from the first four years of
the specifications use, 1997-2000. Use of WYDOT's specification progressively increased from just a
few selected sections in 1997 to nearly full use in 2000. The data set consisted of 223 different pavement
sections. An attempt was made to collect data on all of the asphalt pavement sections constructed within
the four-year time period, but there were a few projects that went undiscovered. The breakdown of these
sections with regards to specification, year, RAP, and road classification can be found in Table 4.1. There
are two specifications, non-QC/QA and QC/QA; four years, 1997, 1998, 1999, and 2000; and five
different road classifications, interstate utilizing virgin materias, interstate utilizing RAP, primary,
secondary, and urban. There were afew federal and county Roadways, but due to their small number they
were not included in the evaluation. RAP was integrated with road classification because al of the
sections utilizing RAP were interstates.

Table4.1 TheDistribution of Test Sections Among Specification Type, Road Classification,
and Year Constructed

Roadway # of QC/QA Sections # of non-QC/QA Sections

Classification 1997 | 1998 | 1999 |2000 |1997 |1998 | 1999 |2000 | Totals
Interstate 0 1 11 22 6 5 2 0 47
Interstate, w/ RAP | 0 8 10 6 5 2 0 0 31
Primary 2 9 33 21 7 3 3 2 80
Secondary 1 3 14 12 8 6 3 0 47
Urban 0 0 0 2 13 3 0 0 18
Totals 3 21 68 63 39 19 8 2 223

There were one to 42 different test results representing each of the 223 pavement sections. Nearly all of
these tests included extracted aggregate gradations and extracted asphalt content, VMA, and VTM
measurements. Some of the tests performed did not include measurements of all of these properties.
However, this did not affect the data set in any way. Many of the test forms also included the mix design
and JMF. These values were confirmed using the JIMF letters. If the values could not be confirmed, they
were excluded from the data set. This reduced the data set, but it guaranteed accuracy of the data. About
10 percent of the original data set was excluded due to inability to confirm the values that were presented.
The 233 pavement sections of Table 4.1 were the asphalt pavement sections that remained. The data
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collected for analysis of the variability of the HMA produced under WYDOT's QC/QA specification can
be found Appendix B.

4.5 Chapter Summary

Data for the evaluation of the effectiveness of WYDOT’s QC/QA specification in decreasing variability
were collected. The data set consisted of test results from previously performed quality control, quality
assurance, and verification tests. The available test results for 233 pavement sections constructed under
the QC/QA and non-QC/QA specification in 1997 thru 2000 were collected. Information regarding the
year of construction, the road classification, and the use of RAP was also collected. This data and
information will be used in the evaluation of the effectiveness of WYDOT’s QC/QA specification in
decreasing HMA variability.
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5. DATA ANALYSIS

5.1 Introduction

Effectiveness of the QC/QA specification can be measured with an analysis of the data set that was
collected. An asphalt pavement QC/QA specification is meant to improve the pavement by decreasing the
deviation of the HMA from the project’s mix design through quality control/process control. This asphalt
mix design is the combination of the aggregate gradation and asphalt content that will result in the best
performing HMA. This combination of ingredient quantities when compacted is characterized not only by
its aggregate gradation and asphalt content, but also by its volumetric properties. The quality of the HMA
that is produced can be measured against these properties. Any mix produced that does not adhere to the
mix design will perform at a less than optimal level. This deviation is very critical and therefore is the
main focus of QC/QA specification evauation. In evaluating the effectiveness of WYDOT's QC/QA
specification in decreasing HMA variability, analysis of variance (ANOVA) was the main statistical tool
used to analyze the data sets. ANOV A was used to evaluate the mean HMA variability of the pavement
sections considered, where HMA variability is the absolute deviation between the mix produced and the
mix design value. Interaction plots and Tukey’s multiple comparisons were used in support of the
ANOVA. Minitab was the statistical analysis software used in the evaluation of WYDOT's QC/QA
specification.

5.2 Analysis Preparation

Before the data from WY DOT could be statistically analyzed, it was necessary to do some preliminary
calculations. The data set that was collected consisted of the aggregate gradations, asphalt contents,
VMA, and VTM for the HMA that was produced. The target values were also available. The difference
between the measured and target values were calculated for all test results for every HMA property. The
absolute value of these deviations was then calculated. The average of these absolute deviations for each
individual pavement section represents the variability of HMA produced for that section. The distribution
of these average values represents the variability of the HMA being produced under each specification.
This was done for the #200 sieve, #30 sieve, #8 sieve, #4 sieve, Y~inch sieve, ¥rinch sieve, asphalt
content, VMA, and VTM. Distribution plots of average pavement section deviations from the target value
for the aggregate gradation, asphalt content, VMA, and VTM can be found in Figures 5.1 and 5.2. These
distributions are the intermediate steps taken in calculating the variability distributions. The distribution
plots of average pavement section variability about the target value for aggregate gradation, asphalt
content, VMA, and VTM can be found in Figures 5.3 and 5.4. These are the values that were statistically
analyzed to measure the changes in variability with QC/QA specification use. A distribution that is closer
to zero (the target value) represents less HMA variability. The distributions are represented by box-plots.
The line across the middle of the box represents the distribution median. The lines making up the borders
of the box represent the first quartile. One quarter of the data lie between the median and each first
guartile line. The lines protruding from the box represent the smallest and largest quarters of the data.
Any stars apart from the box represent possible outliers. After calculating the average values for al the
individual sections, weights were calculated. The weight was set equal to the number of tests representing
the HMA produced for a single section. This accounted for lacking representation. The idea was that the
mean of 25 deviations is more representative of the materials produced than the mean of only one or two.
These weights were in the range of one to 42.
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5.3 Analysis Tools
5.3.1 ANOVA

ANOVA is the main dtatistical analysis tool used in analysis of the data set. It is used to measure the
responses of the treatment groups in a data set by testing the null hypothesis that all of the treatment
means are the same, or if some of them differ. The null hypothesis for this test is Hy: m=m =...= m.
Restating this question in terms of models, it could be asked whether the model of a single mean can
adequately describe the data, or if we need the model of separate treatment group means. ANOVA isa
method for comparing the fit of two models (Oehlert, 2000). A factorial treatment structure was used in
the evaluation of the effectiveness of WYDOT’s QC/QA specification in decreasing HMA variability.
Oehlert (2000) writes, “A factoria treatment structure exists when the g treatments are the combinations
of the levels of two or more factors’ (p. 165). The factors used in the evaluation include the year the
section was constructed and the road classification in which RAP was integrated. These factors were in
addition to the main factor, specification. The reason these factors were chosen was discussed in chapter
4. Each treatment in this factorial treatment structure is a combination of one level of each of the factors.
The specification factor has two levels, QC/QA and non-QC/QA. There are four levels of year, 1997,
1998, 1999, and 2000. There are five levels of road classifications, interstate using virgin materials,
interstate utilizing RAP, primary, secondary, and urban. One of these treatments, for example, is
variability in 1997 for interstates using virgin material under the QC/QA specification. A 3-dimensiona
matrix can represent all of the possible treatments. Table 4.1 is a representation of this matrix in a 2-
dimensional manner. The major concepts of this factorial analysis are main effect and interaction. The
main effects solely describe the variation within the levels of a single factor. The effect of interaction
between factors describes the variation within a single combination of levels of factors.
Specification*Year is one example of an ANOVA interaction, where the means of QC/QA*1997,
QC/QA*1998,..., non-QC/QA* 2000 would all be compared. Usualy, al possible interactions are
considered inthe ANOVA, unlessit is known a priori that some of the interactions are not useful. For the
analysis performed on WY DOT’ s data, year by specification and road classification by specification were
the only two interactions considered. The end result of an ANOVA are p-values that describe the
probahility of the null hypothesis, Hy: m=m =...= m, istrue for each of the main effects and interactions
considered.

5.3.2 Interaction Plots

An interaction plot is a graphic for assessing the relative size of main effects and interaction (Oehlert,
2000). These are used in support of the ANOVA. The ANOVA is a useful tool, but its capabilities are
limited to describing whether or not the null hypothesis is true with p-values. It is not capable of
describing which mean is not the same when the null hypothesis is rejected, or the values of the means.
The interaction plots visually describe the relationship of all the treatment means within a two-way
interaction setting. For example, the two interactions that were considered in the analysis of WYDOT’s
data were year by specification, and road classification by year. The interaction plot for each of these
would have the first factor on the y-axis, the second factor on the x-axis, and a scale along the right
vertical edge. The interaction plots for the evaluation of the effectiveness of WYDOT's QC/QA
specification in decreasing variability can be found in Figures 5.5 and 5.6.
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5.3.3 Multiple Comparisons

An ANOVA can give us an indication that not all treatment groups have the same mean response, but an
ANOVA does not, by itself tell us which treatments are different or in what ways they are differ. To do
this, the treatment means need to be looked at (Oehlert, 2000).Unlike interaction plots, a p-value is
associated with a contrast. Multiple comparisons is a way to make several related tests or interval
estimates at the same time (Oehlert, 2000). Tukey’s pair-wise comparisons were used in the analysis of
WYDOT's data. Tukey’s pair-wise comparisons compare every treatment mean to all treatment means.
The result is a p-value, a probability of seeing differences of the magnitude observed if the means are the

same.
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5.4 HMA Variability Analysis

The effect that WYDOT’s QC/QA specification had on HMA variability was the main focus of the
analysis conducted. This was measured statistically using the weighted pavement section variability that
was calculated. The distributions of the variability for the different HMA properties considered can be
found in Figures 5.3 and 5.4. The variability data were input into an ANOVA as a factorial design. The
factors were specification, year, and road classification. Because RAP was only used in the construction
of interstate sections, it was integrated into road classification. Interactions between year and
specification, and road classification and specification were also considered. The input for the ANOVA
consisted of these five main effects. An analysis was performed for the aggregate gradation, the asphalt
content, the VMA, and the VTM. The aggregate gradation analysis consisted of six different sieve sizes.
The significance level used for the statistical analyseswasa = 0.05. All of the original Minitab output for
this analysis can be found in Appendix C. This output includes the ANOVA tables, the interaction plots,
and the relevant Tukey’ s pair-wise comparisons.

5.4.1 Aggregate Gradation

For analysis of the effects of QC/QA use on the aggregate gradation of an HMA, six sieve sizes were
analyzed separately. These sieve sizes included the #200, #30, #8, #4, Y2-inch, and ¥zinch.

Analysis of the variability data for the aggregate revealed that there was on average a decrease in
variability with the use of a QC/QA specification for all sieve sizes. Many of these decreases in
variability, however, were not statistically significant. The decrease in variability isvisually evident in the
variability distributions of Figure 5.3 and 5.4. A smaller box that is closer to zero (the target value) in the
box plot distributions indicates this decrease for QC/QA over non-QC/QA. Seventy-five percent of the
variability lies between the top of the box and zero. The top of the box is lower for QC/QA than it is for
non-QC/QA for al sieve sizes. The median is also lower in many cases. The only statistically significant
change in variability with a change in specification was with the #4 sieve size. Thiswas indicated by a p-
value = 0.05. All the other sieve sizes, including the #200 sieve, had a p-value greater than 0.05. The p-
values for the main effect of specification from the ANOVA tables are tabulated in Table 5.1. The
analysis also considered the effects of road classification and year and the interactions between these two
factors and specification type. These factors were significant in a few cases. The #200 sieve value
indicated that the specification by year interaction term was significant, and the #4 sieve value indicated
that the road classification and the specification by road classification interaction were both significant
factors. The p-valuesfor all of the main effectsin the ANOVA can befound in Table 5.1.
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Table5.1 Minitab ANOVA p-value Outputsfor the Main and Interaction Effects Considered

Sources of Effectin ANOVA
Y ear Road Class.
* Spec. * Spec.
Parameter Specification | Year Road Class. Interaction Interaction
#200 Sieve 0.81 0.16 0.37 0.03* 0.74
#30 Sieve 0.17 0.47 0.41 0.43 0.36
#8 Sieve 0.22 0.52 0.10 0.53 0.16
#4 Sieve 0.05* 0.70 0.02* 0.18 0.04*
Y-inch Sieve | 0.33 0.05* 0.76 0.47 0.57
¥rinch Seve | 0.53 0.12 0.90 0.43 0.16
Asphalt 0.68 0.69 0.17 0.68 0.61
Content
VMA 0.51 0.63 0.87 0.73 0.85
VTM 0.40 0.68 0.71 0.83 041

* represents statistical significance with asignificant level of 0.05.

The specification by year interaction for the #200 sieve had a p-value = 0.03. The nature of the
significance of thisinteraction is revealed through Tukey’s pair-wise comparisons. The significant Tukey
pair-wise comparisons indicated a significant increase in variability from 1998 to 1999 and 2000 within
the pavements constructed under the QC/QA specification. The difference between 1998 and 1999 has a
p-value = 0.04, and the difference between 1998 and 2000 has a p-value = 0.00. This indicates an increase
in variability over time with use of the QC/QA specification. This increase can be seen in the year by
specification interaction plot for the #200 sievein Figure 5.6.

The #4 sieve proved to be affected the most by changes in specification. First, as mentioned earlier, less
variable HMA was produced on average under the QC/QA specification than was under the non-QC/QA
specification. This was seen in the variability distribution in Figure 5.3 but can aso be seen with the
interaction plot in Figure 5.6. Road classification was also significant with a p-value = 0.02, along with
the interaction between specification and road classification with a p-value = 0.04. The plots of these
interactions indicated that the variability under the QC/QA specification is low and fairly constant, in
contrast to an on average higher and sporadic variability under non-QC/QA. The largest improvements
that occurred with the change in specification were with the interstate sections that had utilized RAP
material. This was indicated by a p-value = 0.02. From the interaction plot, there also seems to be an
improvement with variability in HMA production for interstate sections utilizing virgin materials,
primary, and urban roadways with use of a QC/QA specification, but the improvements are not
statigtically significant. From the Tukey’s pair-wise comparisons, it also seems that the variability under a
QCI/QA specification improved from 1998 to 1999 and 2000. The only statistically significant difference,
however, is between 1998 and 2000, which is indicated by a p-value = 0.02. Similar improvements are
also seen with the ¥2-inch and ¥+inch sieve sizes with p-values equal to 0.00 for the comparisons between
both 1998 and 1999, and 1998 and 2000. A similar trend is seen with the #30 sieve size. This sieve size
saw a decrease in variability from 1997 to 1998 and leveled out a a minimum. This decrease in
variability, however, is not statistically significance. These trends can be seen in the interaction plots of
Figure 5.6. Improvements over time may be correlated to alearning curve.
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There is one last observation regarding the effect of QC/QA specification use on aggregate variability.
For the fine aggregates (greater than or equal to the #4 sieve size), the difference between the variability
observed for the QC/QA and non-QC/QA specifications became more and more significant with increases
in sieve size. With this progression, QC/QA specifications had an increasingly greater improvement. This
can be seen in the variability plots of Figure 5.3, and can aso be seen with the progressively decreasing p-
values for specification in Table 5.1. For the #200 sieve there were no improvements observed, and for
the #4 sieve there were some statistically significant improvements.

5.4.2 Asphalt Content

From a general observation of the variability plot in Figure 5.4 for asphalt content, there seems to be an
average decrease in variability with the use of a QC/QA specification. This decrease in variability was
not, however, statistically significant. This was indicated in the ANOVA table by a p-value = 0.68. The
analysis also considered the effects of road classification, year, and the interactions between these two
factors and specification. These main effects and interactions all proved to be insignificant in the analysis
of asphalt content. The p-values for the main effects and interactions can be found in Table 5.1.
Regardless of the p-value in the ANOVA table, the year by specification interaction plot, which can be
seen in Figure 5.6, indicated a similar trend as was seen for the aggregate gradation. Variability seemed to
decrease from 1998 to 1999 and 2000 with use of the QC/QA specification. The Tukey’'s pair-wise
comparisons revealed that the difference between 1998 and 2000 was statistically significant with a p-
value = 0.00.

5.4.3 VMA

The analysis of the variability data for the VMA content revealed that there was no change in variability
of the VMA within the HMA with use of a QC/QA specification. This variability, like the others, is about
the HMA target value. A p-value = 0.51 in the ANOVA table indicated that there was no changein VMA
variability. This can also be observed by looking at the variability distribution plot in Figure 5.4. If
anything, the variability in VMA with use of the QC/QA specification seemed to increase. The anaysis
also considered the effects of road classification, year, and the interactions between these two factors and
specification. These main and interaction effects were al insignificant. The ANOVA p-vaues for the
main effects can be found in Table 5.1.

544 VTM

From the variability plot in Figure 5.4, there seems to be a slight decrease in variability with the use of the
QCI/QA specification. Analysis of the variability data for the asphalt content revealed that this decrease
was not statistically significant. Thiswas indicated in the ANOVA table by ap-value = 0.40. The analysis
also considered the effects of road classification, year, and the interactions between these two factors and
specification type. These main and interaction effects were all statistically insignificant. The p-values for
these main effects can be found in Table 5.1. Tukey’s pair-wise comparison between the different road
classifications indicated a difference in the variability of VTM between Interstates utilizing both virgin
and recycled materials and primary roadways constructed under the QC/QA specification. The interstate
sections proved to have less variability than the Primary roadways. This was indicated by p-values equal
to 0.00. This difference can be seen in the interaction plot of Figure 5.5.
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5.5 Chapter Summary

A statistical analysis was performed on the variability data collected from WY DOT, which represented
asphalt pavements constructed in 1997 thru 2000 under both WYDOT’s new QC/QA specification and
their non-QC/QA specification. An ANOVA was the main statistics tool used in analysis of the data.
Interaction plots and Tukey's multiple comparisons were used to support the ANOVA. The data set
analyzed had a factorial structure which included two factors in addition to specification. The additional
two factors were year and road classification. The interactions between year and specification, and road
classification and specification were also considered in the analysis. The use of RAP was also considered
as an integral part of road classification. A number of conclusions were made from the statistical analysis
of the variability data.

WYDOT's QC/QA specification on average decreased the variability of nearly all of the HMA properties
analyzed, but these decreases were statistically significant for only one. These decreases were evident for
al the aggregate sieve sizes, the asphalt content, and the VTM. The improvement was statistically
significant for the #4 sieve. The QC/QA specification seemed to increase the variability of the VMA.

Use of the QC/QA specification saw evidence of improvement over time for the variability of the #4, ¥~
inch, and ¥+inch sieve sizes. This also occurred with asphalt content. Nearly all of these decreases over
time were statistically significant with p-values less than 0.05. The #8 sieve size seemed to also decrease
and stabilize at a minimum, but this decrease was not significant. Significant differences in variability of
pavements constructed under the QC/QA specification between the years 1998 and 2000 occurred with
the #4, Y>inch, and ¥xinch sieve sizes, and asphalt content, and significant differences between 1998 and
1999 occurred for the ¥2-inch and ¥+inch sieves.

The decrease in variability of the fine aggregate sizes with QC/QA specification use developed greater
significance with increases in the sieve sizes.

VTM variability was significantly less for Interstates sections using both virgin materials and RAP, than
it was for Primary sections under the same QC/QA specification.



6. CONCLUSIONS AND RECOMMENDATIONS

The main objective of this study was to evaluate the effectiveness of QC/QA specifications in decreasing
HMA variability. WYDOT’'s QC/QA specification was evaluated as a case study. The results of this case
study do not necessarily apply to all QC/QA specifications. The many details that are involved can cause
QC/QA specifications to vary drastically from one another. As aresult of this variety, a questionnaire was
written and distributed to the 50 SHAs. The objective of this questionnaire was to gather basic
information about the QC/QA specification programs being used nationwide. The conclusions from both
this survey and the evaluation of the effectiveness of WYDOT's QC/QA specification in decreasing
HMA variability are presented in this chapter, followed by recommendations for further research.

6.1 Conclusions from Survey

A summary of the responses to the questionnaire leads to the following conclusions:

1. Of 45 SHAs that responded to the survey, 40 or nearly 90 percent have implemented an
asphalt pavement construction QC/QA specification program.

2. There was a 100 percent response rate from the SHAs that form Region 8 of the FHWA. Of
the six Region 8 SHAS, five have a QC/QA specification program for the construction of
asphalt pavements. Montana is the only one that does not have such a program. Colorado
implemented a pilot program for QC/QA in 1992, which was adopted as a standard in 1995.
North Dakota implemented its program 1994. South Dakota implemented its program in
1997. Utah implemented its program in 1997. These QC/QA specification programs are all
very new. The details of these programs vary among the four different SHAs.

3. Although the first QC/QA program emerged as early asin 1968, most of the programs (more
than 80 percent) were implemented after 1985. The QC/QA specifications for asphalt
pavement construction are still in the stages of development.

4. For most of the SHASs, implementation of a QC/QA specification is arelatively new venture.
Each SHA that uses a QC/QA specification for asphalt pavement construction has its own
version of asimilar concept.

5. Different versions of QC/QA programs may vary significantly in requirements. The
differences include the scope of QC/QA, QC responsibilities, QA responsihilities, QA testing,
properties to be tested, certification of testers, variable control level, and incentive and
disincentive policies.

6. Previous evaluations of asphalt pavement QC/QA specifications by individual SHAs have
resulted in positive reviews. As a result of QC/QA specification, some SHAS are seeing an
increasein initial construction costs, while most of them are not.
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6.2 Conclusions from the Case Study

The methodology that was used to evauate the effectiveness of WYDOT's QC/QA specification in
decreasing HMA variability throughout production is as follows:

1.

2.

5.

List possible factors that may affect QC/QA specification performance.

Collect a relevant data set along with information regarding the corresponding factors from
previous pavement jobs.

Prepare data for analysis by doing the necessary calculations.

Anayze data using a statistics package capable of performing an anaysis of variance
(ANOQVA), interaction plots, multiple comparisons, and basic statistics.

Draw conclusions.

An evaluation of the effectiveness of WY DOT’s QC/QA specification in decreasing HMA variability was
conducted as a case study using this methodology. From this case study, the following conclusions were

drawn:

WYDOT's QC/QA specification on average decreased the variability of nearly al of the
HMA properties analyzed, but these decreases were in most cases statistically insignificant.
These decreases were evident for al the aggregate sieve sizes, the asphalt content, and the
VTM. The improvement was statistically significant for the #4 sieve. The QC/QA
specification seemed to increase the variability of the VMA, but the increase was not
statigtically significant.

Use of the QC/QA specification saw evidence of improvement over time for the variability of
the #4, Y2-inch, and ¥+inch sieve sizes. This aso occurred with the asphalt content. Nearly all
of these decreases over time were statistically significant with p-values |ess than 0.05. The #8
sieve size seemed to also decrease and stabilize at a minimum, but this decrease was not
significant. Significant differences in variability of pavements constructed under the QC/QA
specification between the years 1998 and 2000 occurred with the #4, Y2-inch, and ¥xinch
sieve sizes, and the asphalt content, and significant differences between 1998 and 1999
occurred for the ¥>inch and ¥inch sieves.

The decrease in variability of the fine aggregate sizes with QC/QA specification use
developed greater significance with increasesin the sieve sizes.

VTM variability was significantly less for interstates sections using both virgin materials and
RAP than it was for primary sections under the same QC/QA specification.
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6.3 Recommendations

It is recommended that the methodology used in to evaluate effectiveness of WYDOT's QC/QA
specification for asphalt pavement construction in decreasing HMA variability be used for evaluation of
other QC/QA specifications. It is recommended that these evaluations start with the other SHAS in
Region 8 besides Wyoming, including Colorado, North Dakota, South Dakota, and Utah. It is also
recommended that the information gathered with the QC/QA specification program questionnaire be
considered in these evaluations. The information regarding Region 8 SHAS is presented with the most
detail and therefore will be the most beneficial.

Decreasesin HMA variability are only a short-term benefit of QC/QA specification use. Decreased HMA
variability is indicative of the improvements in pavement quality and performance but cannot be used
accurately to measure these long-term benefits. Therefore, it is also recommended that when data
reflecting these long-term improvements can be collected a cost-benefit analysis be conducted to measure
the actual impacts of QC/QA specification use.
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ASPHALT PAVEMENT QUALITY CONTROL/QUALITY ASSURANCE (QC/QA)
QUESTIONNAIRE

UNIVERSITY OF WYOMING

Y our assistance in answering the following questions will help in evaluating the effectiveness of Asphalt
Concrete QC/QA programs. The Federal Highway Administration is funding this project through the
Mountain Plains Consortium. We thank you in advance for your time and cooperation, and would be glad

to provide you with a copy of the survey results.

PART | —Your Agency’s QC/QA Program History

1) Hasyour agency implemented a QC/QA program for asphalt pavements?
é Yes € No
If no, please skip to Part |V, page 6 of thissurvey. If yes, please answer the following:
a) What year was your QC/QA program first implemented?
b) To date, approximately how many projects have been completed under this QC/QA program?

c) For which projectsisyour QC/QA program used?
(mark all that apply)

€ Large (>75,000 tons) € Interstates
€ Medium (5,000 tonsto 75,000 tons) € Primary Roads
é Small (<5000 tons) € Secondary Roads
2) Hasyour QC/QA program been significantly modified since itsimplementation?
é Yes € No

If yes, please answer thefollowing:
a) Approximately how many times has your program been modified?

b) What are some of the major modifications that were made?

3) Has your QC/QA program been evaluated for effectiveness? & Yes é No
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If yes, please answer the following:
a) What asphalt mix properties were used in the evaluation?
(mark all that apply)

€ Density € Asgphalt Content

€ Aqggregate Gradations é AirVoids

é VMA € Other(s):
Comments:

b) How long after implementation was your QC/QA program evaluated?

c) Did your program prove to be effective? € Yes é No
d) Havetheresultsfrom this anaysis been published? € Yes é No
If yes, what isthe Report #: Date Published:

If possible, please include a copy of the evaluative report.

PART Il —QC/QA Use

1)

2)

Please answer the following regarding Quality Control Responsibilities:

a) Whoisresponsible for conducting the QC testing? é State & Contractor
b) Whoisresponsible for evaluating the QC test results? é State € Contractor
c) Whoisresponsiblefor initiating corrective action? é State & Contractor

d) Isyour agency moving to change the above involvementsin any way? € Yes & No

If yes, please explain:

Doesthe State do any Quality Assurancetesting? € Yes € No
If yes, please answer the following:

a) How many QA tests are performed for atypical project?

é # € Varies Significantly
b) What isthe approximate ratio between the number of QA and QC tests performed?
é (QAto QC): : € Varies Significantly
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¢) What arethe QA tests used for?
(mark all that apply)

Initial correlation

D

€ QC test result verification
€ Final pay adjustments é Other(s):

d) Isyour agency moving to change the Contractor’s or State’' s involvement with QA testing in
any way? é Yes € No

If yes, please explain:

Please answer the following regar ding QC/QA testing:
a) Which mixture properties are required by the state to be tested for QC and QA purposes?
(mark all that apply in the appropriate columns)

QC QA QC QA
é é Mat Density é é AirVoids
€ & Asphalt Content (extract.) € & Aqggregate Gradation (extract.)
é & Asphalt Content € & Aqggregate Gradation
é & Smoothness é & Stability
€ é Retained Tensile Strength € é VMA
€ & Voidless Unit Weight € & FilmThickness
€ & Dust/Asphalt é é Clay Content
é & Swdling é & Temperature
€ é Other(s):
Comments:

b) Whoisrequired to be certified to perform QC and QA testing?
(mark all that apply in the appropriate columns)

QC QA QC QA
€ & Nocetification required € & Alltedting technicians
€ & Theengineers € €& Thetesting supervisor
€ & Other(s):

Comments:




4) If available, please send documentation summarizing the QC/QA involvements of the

Contractor and DOT in your program. Otherwise, if posted on the internet;

URL: www.

PART Il —Control

1)

2)

Aretheredifferent levels of control included in your agency’s QC/QA program?
(levels of control refer to levels of differing test and testing frequency requirements.)
é Yes é No
If yes, please answer the following:
a) How many levelsof control are there?
b) What doesthe level of control depend on?

(mark all that apply)

€ Quantity of Materia € Auvailable Personnel
€ Traffic Loads € Type of Facility
€ Type of Funding € Type of Construction

D

Other(s):

¢) What are some of the differences among the different levels of control?

(mark all that apply)

D

QC testing frequencies vary € QA testing frequencies vary

D

Number of control propertiesvaries & Source of the IMF varies
é Other(s):

d) If available, please send a copy of your level of control summary table, or similar

documentation. Otherwise, if posted on theinternet; URL: www.

Doesyour agency’s QC/QA program have different levels/classes of specified asphalt
mixture properties? é Yes & No
If yes, please answer thefollowing:

a) How many different levels/classes of specified mixture properties are there?
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b) What doesthe level/class of control depend on?
(mark all that apply)

€ Traffic Loads € Type of Facility
€ Type of Construction é Other(s):

¢) What characteristics are specified within these required mixture properties?

(mark all that apply)

€ LosAngelesAbrasion é VMA

é Compaction Energy € Dust/Asphalt

é Stahility € Flow

€ Minimum % Asphalt € Minimum Tensile Strength Retained
€ Film Thickness € Voidsin Laboratory Mix

€ Voidsin Production Mix € Clay Content

€ Temperature € Mix Moisture Content

€ Other(s):

d) If available, please send a copy of your specified mixture properties summary table and

accompanying tolerances, or similar documentation. Otherwise, if posted on the internet;
URL: www.

Areincentivesor disincentivesused in your agency’'s QC/QA program? & Yes & No

If yes, please answer the following:

a) For your agency’s QC/QA program, which attributes are being used to adjust the pay?
Also, what are the possible ranges for pay adjustments?

(please mark all that apply and indicate the ranges for those selected)

Pay Factor Range Comments
Ex: .75t01.05
€ Mat Density to
é AirVoids to
€ Asphalt Content to
€ Aggregate Gradation to
€ Smoothness to
é Stability to
€ Other(s): to
to
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b) Doesyour agency use an equation to factor together all of the individual pay factors?

éYes é No

If yes, please include this equation:

¢) Do the attributes being used to adjust the pay vary with the mix design methods used?
€ Yes € No é N/A

Comments:

d) Overal, isyour QC/QA pay adjustment system increasing the cost of construction?
é Yes € No

€) What percent of the projects let under your agency’s QC/QA program are receiving
incentives? (an estimate is acceptable)

f) If available, please send a copy of your Pay Adjustment Specification summary table, or
similar documentation. Otherwise, if posted on the internet;
URL: www.

PART IV — Contact | nfor mation

1)

2)

Your contact information.

Name: Title:

Organization:

Address:

City: State: Zip Code:
Phone: E-mail:

Would you like a copy of questionnaireresults? € Yes é No

(The results will be sent to the name and address listed above).

Thank you for your time and effort in answering the questionnaire.

If you have any questions, feel freeto email Dr. Khaled K saibati at Khaled@uwyo.edu, or Nathan

Butts, for a moreimmediate response, at buttsn@uwyo.edu.
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APPENDIX B. WYDOT DATA

Data for Pavement Sections Constructed Under the QC/QA

Specification
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3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
'\WB 90-100 60-85 35-55 20-40 10-30 2-7 NHP-012-1(87) 1997|Primary
Design/IMF 97 76 48 32 17 5.0 5.30 13.1 3.4
IJMF Limits 90-100 69-83 41-55 27-37 12-22 3-7

98 1 |77 1 |52 4 (35 3 |20 3 |64 1.40 |5.65 0.35 (12.5 -0.6 (2.1 -1.3

100 3 |83 7 |54 6 |37 5 21 4 16.8 1.80 |5.56 0.26 (12.2 -0.9 [2.1 -1.3
'\WB 90-100 60-85 40-60 25-45 10-30 2-7 NHP-030-3(28) 1997|Primary
Design/IMF 95 75 51 38 22 4.20 5.80 14.3 3.7
JMF Limits 90-100 68-82 44-58 33-43 17-27 2-7

96 1 |78 3 |56 5 |41 3 |24 2 |5.6 1.40 |5.63 -0.17(14.3 0.0 (3.8 0.1
\WB 100 90-100 35-55 20-45 5-25 2-7 SCP-0300(30) 1997|Secondary
Design/JMF 100 98 39 23 10 5.2 5.20 13.7 4.0
JMF Limits 100 90-100 36-50 20-30 5-15 3-7

100 0 |97 -1 |40 1 |24 1 |13 3 |[9.50 [4.30}4.97 -0.23(11.7 -2.0 [2.9 -1.1
\WB 90-100 60-85 35-60 20-45 10-30 2-7 ACIM-80-4(188)246 1998|Interstate
Design/JMF 94 72 40 31 21 5.10 4.80 12.9 4.4 w/ RAP
JMF Limits

95 1 |67 -5 39 -1 [30 -1 21 0 [6.40 |1.30/4.05 -0.75(12.4 -0.5 4.9 0.5

95 1 |60 -12 31 -9 |25 -6 |18 -3 |6.40 |(1.30(3.79 -1.01{12.6 -0.3 [5.1 0.7

94 67 -5 34 -6 [28 -3 |19 -2 |5.70 ]0.60 |3.62 -1.18(12.3 -0.6 4.7 0.3
'\WB 90-100 60-85 35-60 20-45 10-30 2-7 ACIM-80-4(188)246 1998|Interstate
Design/IMF 94 72 40 31 21 5.10 4.80 12.9 4.4 w/ RAP
JMF Limits

94 0 (72 0 |39 -1 30 -1 21 0 |6.00 [0.90 4.20 -0.60(12.3 -0.6 4.9 0.5

93 -1 |78 6 |45 5 |34 3 |23 2 |5.80 [0.70|5.50 0.70 5.3
'\WB 90-100 60-85 35-60 20-45 10-30 2-7 +/- 0.25 +/- 1.5 +/- 1.5 ACIM-80-4(188)246 1998|Interstate
Design/IMF 94 72 40 31 21 5.10 4.80 12.9 4.4 w/ RAP
JMF Limits 90-100 60-85 35-60 20-45 10-30 2-7 4.5 min. 13.0 min. 3.0-5.0

87 -7 |59 -13 (31 -9 (25 -6 (18 -3 [4.80 |-0.30/4.02 -0.78(12.2 -0.7 |3.6 -0.8

89 -5 62 -10 (31 -9 (24 -7 (17 -4 490 |-0.20/3.88 -0.92(13.2 0.3 |5.3 0.9

93 -1 |75 3 |40 0 (31 0 [21 0 |[5.80 [0.70|4.15 -0.65(12.8 -0.1 4.7 0.3

91 -3 |60 -12 29 -11 22 -9 |16 -5 |4.50 [-0.60|3.25 -1.55(13.7 0.8 (8.2 3.8

95 1 |67 -5 39 -1 30 -1 21 0 |[6.40 |(1.304.05 -0.75(12.4 -0.5 4.9 0.5

90 -4 |69 -3 39 -1 29 -2 |20 -1 |4.90 [-0.20/3.89 -0.91(12.8 -0.1 4.5 0.1

95 1 |60 -12 31 -9 |25 -6 |18 -3 16.40 [1.303.79 -1.01{12.6 -0.3 |5.1 0.7




3/4" diff.|1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 [(diff. |Asphalt [(diff. diff. diff [Project Road

Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification

99 5 |75 3 |43 3 |34 3 |23 2 |6.10 |(1.00 |4.80 0.00 (12.3 -0.6 (2.7 -1.7

92 -2 |65 -7 |38 -2 |29 -2 |20 -1 |5.10 |[0.00 |4.67 -0.13(12.7 -0.2 (3.5 -0.9

94 0 |66 -6 [38 -2 (30 -1 21 0 [5.60 |0.50 4.49 -0.3112.7 -0.2 4.2 -0.2

97 3 (77 5 |46 6 [36 5 [24 3 [6.20 |1.105.21 0.41 |12.7 -0.2 |2.2 -2.2

96 2 |74 2 |42 2 (32 1 22 1 |6.00 [0.904.74 -0.06|12.9 0.0 |3.2 -1.2

93 -1 |70 -2 |37 -3 |28 -3 |20 -1 |5.20 |0.10 |4.52 -0.28(12.8 -0.1 (3.7 -0.7

95 1 |72 0 (42 2 |32 1 |21 0 |[5.20 [0.10 |4.75 -0.05(12.7 -0.2 (3.1 -1.3

90 -4 |70 -2 |40 0 |31 0 21 0 |[5.10 |[0.00 |4.96 0.16 (12.7 -0.2 (3.3 -1.1

94 0 |67 -5 (38 -2 29 -2 |20 -1 [5.20 |0.10 4.45 -0.35/|12.6 -0.3 |3.9 -0.5

91 -3 63 -9 (37 -3 28 -3 [19 -2 [5.00 |-0.10(4.69 -0.1112.7 -0.2 |3.6 -0.8

86 -8 (62 -10 27 -13 21 -10 (15 -6 [3.90 |-1.20[3.60 -1.20 6.9

95 1 |70 -2 |40 0 |31 0 21 0 |[5.50 [0.40 [4.50 -0.30 6.2

93 -1 |69 -3 |36 -4 |25 -6 |19 -2 [4.80 [-0.30/4.20 -0.60 6.3

92 -2 |57 -15 27 -13 22 -9 |16 -5 [4.10 |-1.00[4.40 -0.40 6.2

92 -2 |66 -6 (34 -6 (27 -4 19 -2 |5.00 [-0.10/4.40 -0.40 4.6

94 0 (72 0 [36 -4 (27 -4 19 -2 |5.00 [-0.10/5.46 0.66 4.9

95 1 |78 6 [41 1 32 1 21 0 [6.00 [0.905.12 0.32 3.4

97 3 |75 3 |36 -4 27 -4 |19 -2 [5.10 [0.00 [4.89 0.09 4.0

93 -1 |62 -10 (33 -7 |26 -5 |18 -3 [4.40 |-0.70[5.00 0.20 5.1

88 -6 |59 -13 |33 -7 |25 -6 |17 -4 [4.70 |-0.404.10 -0.70 4.0

93 -1 (68 -4 (36 -4 28 -3 20 -1 |5.80 [0.70 4.70 -0.10 4.6

91 -3 |66 -6 [34 -6 |27 -4 |19 -2 |5.10 |0.00 [4.92 0.12 3.2
WB 90-100 60-85 35-60 20-45 10-30 2-7 +/- 0.25 +/- 1.5 +/-1.5 ACIM-80-4(188)246 1998|Interstate
Design/IMF 94 72 40 31 21 5.10 4.90 13.6 5.0 w/ RAP
IMF Limits 88-100 60-74 32-46 21-31 10-20 2.4-6.4 4.5 min. 13.0 min. 3.0-5.0

90 -4 70 -2 (38 -2 29 -2 20 -1 [5.80 |0.70 [4.50 -0.40|12.5 -1.1 |34 -1.6

94 0 |69 -3 |37 -3 |29 -2 |20 -1 5.20 [0.10 4.74 -0.16(12.9 -0.7 (3.6 -1.4

93 -1 |72 0 |39 -1 30 -1 |20 -1 |4.50 [-0.605.11 0.21 (13.0 -0.6 (2.5 -2.5

87 -7 |46 -26 |23 -17 (18 -13 (14 -7 |3.80 [-1.30}3.35 -1.55(13.0 -0.6 6.6 1.6

89 -5 64 -8 [36 -4 29 -2 |20 -1 [5.50 ]0.40 [4.50 -0.40/12.3 -1.3 |3.0 -2.0

87 -7 62 -10 (38 -2 (30 -1 21 0 [5.80 |0.70 4.29 -0.61|12.8 -0.8 |4.9 -0.1

95 1 |74 2 |40 0 (31 0 [21 0 [5.60 ]0.50 4.98 0.08 |12.5 -1.1 2.2 -2.8

95 1 |78 6 |48 8 |36 5 24 3 |6.50 |(1.40 |5.46 0.56 (13.0 -0.6 1.3 -3.7

96 2 |79 7 |46 6 |35 4 (24 3 |6.50 |(1.40 |4.89 -0.01(12.3 -1.3 2.1 -2.9

100 6 |85 13 |50 10 |38 7 |26 5 |8.20 [3.1015.16 0.26




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
92 -2 62 -10 (32 -8 (25 -6 (18 -3 [3.50 |-1.60/4.24 -0.66 4.5
94 0 (73 1 36 -4 (28 -3 (19 -2 [2.30 |-2.80|4.52 -0.38 3.7
94 0 |64 -8 32 -8 (25 -6 (17 -4 (3.60 |-1.50/5.10 0.20 4.7
95 1 (70 -2 (36 -4 (28 -3 (19 -2 [3.80 |-1.30|5.10 0.20 3.7
89 -5 |60 -12 29 -11 [22 -9 |15 -6 [3.10 |-2.00/4.53 -0.37 3.6
\WB 90-100 60-85 35-60 20-45 10-30 2-7 +/- 0.25 +/-1.5 +/-1.5 ACNHP-010-3(77) 1998|Primary
Design/JMF 95 77 48 32 18 5.30 5.00 14.5 4.9
JMF Limits 90-100 70-84 41-55 27-37 13-23 3-7 4.5 min. 12.0 min. 2.5-45
95 0 (80 3 |50 2 (35 3 21 3 [5.10 |-0.20/5.63 0.63 (12.9 -1.6 2.7 -2.2
95 0 (74 -3 |47 -1 33 1 |20 2 [5.20 |-0.10/5.09 0.09 (12.3 -2.2 2.7 -2.2
94 -1 (76 -1 |46 -2 32 0 (18 0 [4.80 |-0.50/5.30 0.30 (12.6 -1.9 |2.5 -2.4
93 -2 |76 -1 47 -1 (32 0 (18 0 |[5.00 |-0.30/5.25 0.25 (13.2 -1.3 |3.5 -1.4
94 -1 |76 -1 51 3 [35 3 21 3 [5.50 1(0.20|5.41 0.41 13.1 -1.4 3.2 -1.7
94 -1 |69 -8 |44 -4 31 -1 |19 1 |4.80 [-0.50[4.85 -0.15[12.5 -2.0 |3.8 -1.1
\WB 100 90-100 35-55 20-40 5-25 2-6 ACSTPS-2303(13) 1998|Secondary
Design/JMF 100 96 45 28 10 4.70 5.20 14.4 4.0
JMF Limits 100 90-100 38-52 23-33 5-15 2-6
100 0 |96 0 |46 1 29 1 13 3 [7.70 [3.00|5.47 0.27 (14.1 -0.3 |2.3 -1.7
\WB 100 90-100 35-55 20-40 5-25 2-6 13.0 min ACSTPS-2303(13) 1998|Secondary
Design/IJMF 100 96 45 28 10 4.70 5.20 14.4 4.0
IMF Limits 100 90-100 38-52 23-33 5-15 2-6 4.95-5.45) 12.9-15.9 2.5-45
100 o (97 1 [b2 7 |31 3 |13 3 |7.90 |3.20(5.17 .0.03|12.7 1.7 |2.6 1.4
100 o (97 1 |48 3 |30 2 |13 3 |7.20 |2.50(5.24 0.04 |12.2 22 1.4 2.6
100 0 (96 0 |46 1 |28 o [12 2 [7.00 |2.305.23 0.03 |12.5 -1.9 |1.9 2.1
100 o (97 1 |48 3 |30 2 |13 3 |7.10 [2.40 |4.75 -0.45/12.1 2.3 (3.0 -1.0
\WB 90-100 60-85 35-60 20-45 10-30 2-7 CMP-P0O-024-2(13) 1998|Primary
Design/JMF 99 78 55 40 19 3.80 5.60 14.8 2.9
JMF Limits 90-100 71-85 46-60 35-45 14-24 2-6
100 1 |85 7 |61 6 |42 2 |19 0 [3.00 |-0.80/5.58 -0.02(15.8 1.0 5.0 2.1
\WB 90-100 60-85 35-60 20-45 10-30 2-7 CMP-PO-013-1(45) 1998|Primary
Design/JMF 95 74 49 31 15 3.60 5.40 13.5 4
JMF Limits 90-100 67-81 42-56 26-36 10-20 2-6
94 -1 |70 -4 |45 -4 29 -2 |16 1 470 |[1.10/5.10 -0.30[13.7 0.2 |3.9 -0.1
\WB 100 90-100 35-55 20-40 5-25 2-6 +/- 0.25 +/- 1.5 +/- 1.5 CMP-P0O-043-2(36) 1998|Primary




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
Design/IMF 100 96 47 27 10 4.00 4.90 13.0 3.2
JMF Limits 100 90-100 40-54 22-32 5-15 2-6 4.5 min. 13.0 min. 2.5-4.5

100 0 (94 -2 43 -4 25 -2 (12 2 [6.50 |2.50/4.93 0.03 (13.2 0.2 3.1 -0.1

100 0 |94 -2 |44 -3 |25 -2 |11 1 16.00 |2.00 [5.05 0.15 (14.2 1.2 4.2 1.0
\WB 100 90-100 35-55 20-40 5-25 2-6 CMP-P0O-043-2(36) 1998|Primary
Design/JMF 100 96 a7 27 10 4.00 4.90 13.5 3.8
JMF Limits 100 90-100 40-54 22-32 5-15 2-6

100 0 |96 0 |45 -2 |27 0 |12 2 16.40 ([2.40}4.70 -0.20(14.1 0.6 4.8 1.0
\WB 90-100 60-85 35-60 20-45 10-30 2-7 12.0 min NHI-80-6(140)362 & 1998|Interstate
Design/IJMF 92 70 42 26 15 5.0 5.50 15.9 4.3 NHI-80-6(165)364
LIMF Limits 90-100 63-77 35-49 21-31 10-20 3.0-7.0 5.25-5.75 14.4-17 4] 2545

91 1 |72 2 |47 5 |28 2 |13 -2 3.90 [-1.10/5.63 0.13 |15.9 0.0 4.0 -0.3

89 -3 |69 -1 |45 3 |29 3 |14 -1 |5.70 |0.70(5.31 -0.19|15.2 -.0.7 4.4 0.1

88 4 |74 4 |51 9 (32 6 |14 -1 |5.70 |0.701/5.33 -0.17|15.6 0.3 3.3 1.0

76 -16 |61 .9 |38 -4 |25 -1 |13 -2 14.60 |-0.40/4.81 .0.69|11.7 4.2 3.1 1.2

97 5 (80 10 |48 6 [30 4 |15 o 1[6.10 |1.10/5.82 0.32 |15.3 -0.6 |2.7 -1.6
'\WB 90-100 60-85 35-60 20-45 10-30 2-7 NHI-80-6(140)362 1998|Interstate
Design/IMF 94 75 48 31 15 5.80 5.20 13.1 4.0 w/ RAP
JMF Limits

96 2 184 9 |51 3 |33 2 |17 2 |[7.50 [1.7015.25 0.05 (12.8 -0.3 [3.0 -1.0
'\WB 70-90 55-80 35-55 20-40 10-25 2-7 11.0 min NHI-80-6(140)362 1998|Interstate
Design/IJMF 89 66 47 32 16 6.60 5.20 12.5 3.1 w/ RAP
LIMF Limits 4.95-5.45] 11.-14 2555

84 -5 |57 9 |42 -5 |29 -3 |16 0 [6.40 |-0.204.73 -0.47/11.2 -1.3 [2.6 -0.5

84 5 |62 -4 |46 -1 |30 .2 |16 0o |[6.00 [|-0.60/5.04 -0.16/11.4 -1.1 [3.0 0.1

85 -4 |65 -1 |45 2 |32 0 |16 0 1[6.00 |-0.60/5.62 0.42 |112.0 .05 (1.3 1.8

86 3 |54 -12 |38 -9 |26 -6 |14 -2 |5.70 |-0.90/5.34 0.14 |12.7 0.2 |2.6 0.5

86 -3 |62 -4 |44 -3 |30 2 |17 1 16.80 |0.2015.80 0.60 |12.2 .03 1.4 1.7

87 2 |57 .9 [40 -7 29 .3 |15 -1 [5.80 |.0.80[8.10 2.90 |14.1 16 |1.8 1.3
'\WB 100 90-100 40-60 25-45 10-30 2-7 13.0 min NHI-80-6(140)362 1998|Interstate
Design/IJMF 100 95 50 32 15 5.70 6.00 15.8 4.3 w/ RAP
JMF Limits 5.75-6.25 14.3-17.3 2.5-45

100 0 |93 2 |54 4 [35 3 |17 2 |[6.50 |0.801(6.44 0.44 (15.0 -0.8 [2.6 1.7

100 o |94 -1 |55 5 |36 4 |18 3 |[7.30 |1.601(5.93 .0.0714.7 1.1 [3.6 0.7




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification

100 o |94 1 |57 7 |36 4 |18 3 |[6.80 |(1.1017.00 1.00 |15.1 0.7 |1.6 2.7

100 o (94 -1 |53 3 |30 -2 |14 -1 |5.30 |-0.40|6.15 0.15 |16.4 0.6 4.4 0.1

100 o (96 1 |57 7 [36 4 |18 3 [6.10 |0.40(6.23 0.23 |15.5 0.3 4.1 -0.2
\WB 90-100 60-85 35-60 20-45 10-30 2-7 12.0 min NHI-80-6(140)362 1998|Interstate
Design/JMF 94 75 48 31 15 5.80 5.20 13.1 4.0 w/ RAP
JMF Limits 4.95-5.45 11.6-14.6 2.5-45

94 o |80 5 |55 7 |34 3 |16 1 16.30 |0.50 [5.55 0.35 (14.2 11 4.5 0.5

95 1 |84 9 |56 8 |36 5 |18 3 |[6.60 [0.80(5.69 0.49 (13.6 0.5 (3.0 -1.0

98 4 |85 10 [53 5 |32 1 |16 1 1[6.50 1|0.7015.82 0.62 |13.3 0.2 2.7 1.3

91 -3 |80 5 |56 s |39 s |20 5 |7.60 |1.801(5.10 .0.10/14.1 1.0 2.2 1.8

93 -1 |73 -2 |46 -2 |31 0 |16 1 [5.60 |.0.20/5.41 0.21|11.9 1.2 3.1 -0.9

91 -3 |79 4 |54 6 |36 5 |18 3 |[6.50 [0.70(4.94 -0.26/12.6 .05 [3.4 -0.6

94 0o (82 7 |52 4 |32 1 |16 1 1[5.60 |-0.20/5.48 0.28 |14.9 1.8 |4.6 0.6

96 82 7 |55 7 35 4 |16 1 |[5.60 [-0.20/5.59 0.39 |13.7 0.6 |25 1.5
\WB 90-100 60-85 35-60 20-45 10-30 2-7 SCP-012-1(95) 1998|Primary
Design/JMF 98 72 45 28 15 5.00 5.25 14.4 5.2
JMF Limits 90-100 65-79 35-52 23-33 10-20 3-7

97 -1 |67 -5 |44 -1 [30 2 |17 2 |5.30 [0.30/5.19 -0.06[12.1 -2.3 3.1 -2.1
\WB 90-100 60-85 35-60 20-45 10-30 2-7 +/- 0.25 +/-1.5 +/-1.5 SCP-012-1(95) 1998|Primary
Design/JMF 98 72 45 28 15 5.00 5.25 14.4 5.2
JMF Limits 90-100 65-79 38-52 23-33 10-20 3-7 4.5 min. 13.0 min. 3.0-5.0

98 0 |69 -3 |44 -1 (30 2 (18 3 [5.20 (0.20|4.84 -0.41{12.9 -1.5 4.3 -0.9

99 1 |80 8 |55 10 (36 8 |20 5 [5.80 ]0.80|5.89 0.64 (13.0 -1.4 1.8 -3.4

95 -3 |70 -2 |44 -1 (28 0 (16 1 |490 [-0.10/4.83 -0.42(13.0 -1.4 14.0 -1.2

99 1 |76 4 48 3  [30 2 |16 1 (490 [-0.105.28 0.03 (13.6 -0.8 |3.8 -1.4

97 -1 |76 4 |51 6 (34 6 (19 4 |5.40 |0.40 (5.30 0.05 (13.5 -0.9 4.2 -1.0

98 0 (78 6 |51 6 [33 5 [18 3 [5.80 (0.80|5.10 -0.15(13.0 -1.4 3.8 -1.4

96 -2 |74 2 |49 4 |33 5 [19 4 |5.60 |0.60 |5.04 -0.21(13.8 -0.6 4.9 -0.3
\WB 100 90-100 40-60 25-45 10-30 2-7 SCP-031-1(12) 1998|Primary
Design/JMF 100 96 51 35 19 5.60 5.50 13.3 4.1
JMF Limits 100 90-100 44-58 30-40 14-24 3-7

100 0 [93 -3 43 -8 [30 -5 |18 -1 |6.00 [0.40[5.42 -0.08(14.5 1.2 6.2 2.1
\WB 90-100 60-85 35-60 20-45 10-30 2-7 STPS-0505(9) 1998|Secondary
Design/JMF 99 72 38 26 14 4.60 5.40 13.9 3.8




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
JMF Limits 90-100 60-85 35-60 20-45 10-20 2-7

99 0 |80 8 |46 8 [30 4 |17 3 [6.10 [1.505.72 0.32 [12.5 -1.4 4.6 0.8
\WB 90-100 60-85 35-60 20-45 10-30 2-7 STPUNP-027-3(5) 1998|Primary
Design/JMF 96 74 50 37 19 4.90 5.40 13.1 4
JMF Limits 90-100 67-81 43-57 32-42 14-24 2.9-6.9

97 1 |82 8 |56 6 |40 3 [21 2 |5.30 [0.40|5.56 0.16 (12.7 -0.4 |3.7 -0.3
\WB 90-100 60-85 35-60 20-45 10-30 2-7 ACNHP-010-3(77) 1999|Primary
Design/JMF 95 77 48 32 18 5.30 5.00 134 3.7
JMF Limits 90-100 70-84 41-55 27-37 13-23 3-7

94 -1 |65 -12 (36 -12 26 -6 |16 -2 [4.60 |-0.70/4.05 -0.95(14.2 0.8 6.9 3.2

88 -7 |65 -12 36 -12 26 -6 |16 -2 |5.30 [0.00 |4.26 -0.74(14.4 1.0 6.9 3.2
\WB 100 85-100 35-70 20-55 5-35 2-7 ACNHP-031-1(64) & 1999|Primary
Design/JMF 100 96 51 34 16 4.70 6.50 15.9 4.8 ACNHP-031-1(61)
JMF Limits 100 90-100 45-59 29-39 11-21 2.7-6.7

100 0 |94 -2 |51 0 [33 -1 |15 -1 |[5.20 ]0.50 |5.90 -0.60[12.8 -3.1 |2.6 -2.2
WB 100% 85-100% 35-70% 20-55% 5-35% 2-7% 14.0 min ACNHP-031-1(64) 1999|Primary
Design/JMF 100 96 51 34 16 4.70 6.50 15.9 4.8
LIMF Limits 100 90-100 45-59 29-39 11-21 2.7-6.7 6.25-6.75 14.4-17 4] 3.0-5.0

100 0o (94 -2 |50 -1 |35 1 |16 0o [4.40 |-0.30/6.60 0.10 |14.8 1.1 |4.6 0.2

100 0 (93 -3 |48 -3 |33 -1 |16 0 14.90 |0.206.40 -0.10|14.9 1.0 4.4 0.4

100 0o (95 -1 48 -3 [33 -1 |16 0o [4.30 |-0.40[6.20 -0.30/14.7 -1.2 4.3 -0.5

100 o (94 -2 |54 3 |35 1 |16 o 1[4.60 |-0.10/6.70 0.20 |16.1 0.2 [5.2 0.4

100 o (95 -1 |56 5 [38 4 |18 2 16.50 |1.806.20 -0.30/14.0 -1.9 |3.6 1.2
\WB 90-100 55-95 30-65 20-50 5-30 2-7 AM-0502(13) 1999|Secondary
Design/JMF 94 72 43 31 17 5.40 4.80 12.7 4.1
JMF Limits 90-100 65-79 36-50 26-36 12-22 3-7

95 1 |77 5 |47 4 |33 2 |20 3 [8.00 [2.60 /4.46 -0.34(10.7 -2.0 {3.0 -1.1
WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min AM-0502(13) 1999|Secondary
Design/JMF 94 72 43 31 17 5.40 4.80 12.7 4.1
IMF Limits 90-100 65-79 36-50 26-36 12-22 3.0-7.0 4.55-5.05] 11.2-14.2 2.5-45

96 2 |77 5 |48 5 |34 3 |19 2 |8.40 |(3.00 |4.96 0.16 (10.8 .19 (1.8 2.3

91 -3 |73 1 |45 2 |32 1 (19 2 |7.70 |2.30(4.81 0.01|11.0 1.7 (1.8 2.3

96 2 |76 4 |47 4 |33 2 |19 2 |7.90 |2.50(4.93 0.13|11.3 1.4 (1.7 2.4

94 0o |72 o |42 -1 |30 -1 |18 1 (7.30 |1.90 |4.47 .0.33|11.1 1.6 2.2 1.9




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification

93 -1 |70 2 |42 -1 |30 1 |18 1 |7.20 |1.80 |4.71 -0.09/10.7 2.0 [2.2 1.9

98 4 |75 3 |46 3 |33 2 |20 3 |7.40 |2.00/4.88 0.08 |10.7 2.0 (2.3 1.8

90 -4 |65 -7 |36 -7 27 -4 |17 0o [6.90 |1.501(4.08 .0.72/10.7 2.0 [3.7 -0.4

96 2 |75 3 |46 3 [33 2 |19 2 [8.00 |2.604.57 -0.23|11.6 -1.1 |13.6 -0.5
WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min AM-90-3(71)113 1999|Interstate
Design/IJMF 99 89 44 26 10 3.60 4.70 14.3 4.8 w/ RAP
LIMF Limits 4.45-4.95 12.8-15.8 2.5-45

100 1 |91 2 |46 2 29 3 |13 3 |[5.10 |(1.50(4.76 0.06 (12.3 2.0 2.6 2.2

99 0 (88 -1 |50 6 |31 5 |14 4 |5.00 (140 4.64 -0.06/11.8 25 (2.0 2.8

100 1 (93 4 |49 5 |30 4 |14 4 |5.30 |[1.70 4.82 0.12 |112.1 22 (2.2 2.6

100 1 |88 1 |42 2 |26 o |[13 3 [5.10 |1.50[4.62 -0.08|13.0 -1.3 |4.0 -0.8
WB 90-100 55-95 30-65 20-50 5-30 2-7 AM-90-3(71)113 1999|Interstate
Design/IJMF 99 89 44 26 10 3.60 4.70 w/ RAP
JMF Limits 4.45-4.95)

98 -1 (87 -2 |42 -2 25 -1 (12 2 [6.10 |2.50|4.46 -0.24(12.5 3.4

99 o |87 2 |41 .3 |26 o |12 2 |4.30 |0.704.31 -0.39/11.8 3.3

100 1 192 3 |44 o 27 1 |14 4 [5.90 |2.301(4.48 .0.22112.1 3.2

100 1 |87 2 |41 .3 |26 o |13 3 |4.50 |[0.90 |4.45 .0.2512.9 4.1

99 o |90 1 |46 2 |26 o |13 3 14.20 |0.60 |4.68 -0.02|12.8 3.7

99 o (89 0 |46 2 |26 o |13 3 14.30 |0.701/4.38 .0.32|12.3 3.6

100 1 (89 0 |46 2 |28 2 |13 3 14.30 |0.701(4.72 0.02 |13.0 3.0

100 1 |91 2 |47 3 29 3 |13 3 (490 |(1.301(4.85 0.15 [12.6 2.6

100 1 |87 .2 |48 4 |29 3 |14 4 [5.50 |1.90(4.91 0.21 (12.0 2.4

99 o |89 o |47 3 |28 2 |13 3 |[5.10 |(1.50(4.93 0.23 (12.3 2.2

100 1 |86 -3 |41 -3 |25 -1 |12 2 |5.00 |1.401/4.54 .0.16|12.3 2.9

100 1 (90 1 |49 5 |30 4 |14 4 |[5.90 [2.304.75 0.05 |12.0 2.2

99 o (89 o |44 0 |28 2 |13 3 |5.00 |1.40|4.67 -0.03|12.4 3.1

99 0 |92 3 |48 4 |29 3 |14 4 16.30 |2.70/4.78 0.08 [11.2 1.6

99 o (84 5 [41 .3 |26 o |[13 3 [5.60 |2.00 |4.58 -0.12|11.2 1.6
WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min AM-90-3(71)113 1999|Interstate
Design/IJMF 99 89 a7 28 11 3.70 4.70 14.5 4.9 w/ RAP
JMF Limits 4.45-4.95 13.0-16.0 2.5-45

99 o |90 1 |45 -2 |26 2 |12 1 [4.40 |0.70 |4.69 -0.01/12.6 -1.9 (3.0 1.9

100 1 (93 4 |46 -1 |27 -1 |13 2 14.20 |0.50/4.70 0.00 |12.5 20 3.1 1.8




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
100 1 |91 2 |46 1 27 1 |12 1 14.30 |0.60 |4.54 -0.16/12.5 2.0 [3.5 1.4
99 o (91 2 |46 -1 |28 o |14 3 |5.60 |1.90 |4.69 .0.01/12.3 22 2.7 2.2
99 0 |88 -1 |44 .3 |28 o |13 2 |[5.60 |[1.90 |4.67 -0.03/12.4 21 (3.1 -1.8
99 o (88 -1 |45 -2 |28 o |13 2 |5.20 |1.50 |[4.64 -0.06/12.0 25 (25 -2.4
98 -1 [86 .3 |45 2 (27 1 |14 3 [6.00 |2.304.76 0.06 |11.7 .28 |2.0 2.9
\WB 90-100 55-95 30-65 20-50 5-30 2-7 AM-90-3(71)113 1999|Interstate
Design/JMF 99 89 a7 28 11 3.70 4.70 14.5 4.9 w/ RAP
JMF Limits
100 1 |88 -1 |48 1 |28 0 |[13 2 |6.70 [3.00}4.52 -0.18(12.3 -2.2 3.1 -1.8
\WB 100 85-100 35-70 20-55 5-35 2-7 AM-90-3(71)113 1999|Interstate
Design/JMF 100 89 46 26 9 5.00 4.70 13.0 3.9
JMF Limits 100 85-99 39-53 21-31 5-15 3-7
100 0 |95 6 |53 7 |30 4 |13 4 16.70 |1.70 |4.58 -0.12(10.7 -2.3 2.1 -1.8
\WB 100 85-100 35-70 20-55 5-35 2-7 AMS-2302(8) 1999(Secondary
Design/IMF 100 91 44 26 8 3.90 4.50 13.5 4.5
JMF Limits 100 86-100 37-51 21-31 5-15 3-7
100 0 1[92 1 |48 4 |26 0o [9 1 |5.60 [1.70|4.86 0.36 |14.5 1.0 6.2 1.7
100 0 [93 2 |49 5 [27 1 |10 2 |5.30 [1.40/4.64 0.14 (14.5 1.0 6.2 1.7
WB 90-100 55-95 30-65 20-50 5-30 2-7 BROS-411(2)/ 1999(Secondary
Design/IMF 100 78 48 32 14 2.60 5.40 15 4.2 BROS-1900(5)
JMF Limits 90-100 71-85 40-54 27-37 10-20 2-6
84 -16 (75 -3 (38 -10 21 -11 |9 -5 [5.80 [3.20|5.21 -0.19(14.2 -0.8 |2.5 -1.7
82 -18 [73 -5 [37 -11 |20 -12 [11 -3 [6.00 [3.40 |5.64 0.24 |14.6 -0.4 |2.5 -1.7
\WB 100 90-100 40-60 25-45 10-30 2-7 CMI-90-1(92)23 1999|Interstate
Design/JMF 100 95 a7 29 15 5.00 5.30 16 4.9
JMF Limits 100 90-100 40-54 25-35 10-20 3-7
100 0 [93 -2 |47 0 [31 2 |15 0 [4.80 |-0.205.07 -0.23]15.2 -0.8 4.2 -0.7
\WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-PO-1209(4) 1999|Secondary
Design/JMF 100 38 40 26 15 5.00 6.00 14.8 4.4
JMF Limits 90-100 81-95 33-47 21-31 10-20 3-7
100 0 |90 2 |43 3 |28 2 |17 2 16.10 [1.10(6.34 0.34 (14.7 -0.1 {3.9 -0.5
\WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-P0O-025-3(73) 1999|Primary
Design/JMF 96 74 49 34 16 4.10 6.00 13.8 4.5
LMF Limits 90-100 73-87 41-55 29-39 12-22 2.9-6.9




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
97 1 |78 4 |50 1 |35 1 [18 2 |4.00 |-0.10/5.82 -0.18(11.2 -2.6 |2.4 -2.1
WB 100% 85-100%| 35-70% 20-30% 5-35% 2-7% 13.0 min CMP-P0O-025-3(73) 1999|Primary
Design/JMF 100 94 48 34 16 4.30 5.75 13.2 4.0
IMF Limits 100 87-100 41-55 29-39 37216 2.3-6.3 5.50-6.00) 11.7-14.7 2.5-45
100 0 |96 2 |56 s |38 4 |17 1 [4.50 |0.2016.00 0.25(11.8 1.4 (1.3 2.7
100 o |94 o |50 2 |35 1 |18 2 |[5.70 |1.4015.88 0.13 |11.6 16 (1.8 2.2
100 o |97 3 |53 5 |37 3 |18 2 |[5.10 |(0.8016.10 0.35 [11.8 1.4 (1.4 2.6
100 o |97 3 |53 5 |35 1 |16 o |3.50 [-0.80/6.08 0.33 |12.6 -0.6 [2.9 1.1
100 o (96 2 |56 g (37 3 (17 1 |[5.10 |0.801(6.67 0.92 |12.3 0.9 |2.1 1.9
WB 90-100% 55-95% 30-65% 20-50% 5-30% 2-7% 12.0 min CMP-P0-025-3(73) 1999|Primary
Design/IJMF 96 74 49 34 16 4.10 6.00 13.8 4.5
IMF Limits 90-100 67-81 42-56 29-39 11-21 2.1-6.1 5.75-6.25| 12.3-15.3 2.5-45
94 -2 (69 -5 |46 -3 [32 -2 |16 o [3.80 |-0.30[6.26 0.26 |10.7 -3.1 1.7 -2.8
93 -3 |75 1 |49 o |34 o |17 1 [4.30 1|0.2016.35 0.35|11.1 2.7 |1.6 2.9
96 0 |76 2 |52 3 |35 16 0o [3.60 |-0.50/5.99 -0.01/10.9 29 (1.8 2.7
92 -4 |79 5 [53 4 |35 16 o [4.30 |o.20/5.61 -0.39|10.7 -3.1 |2.6 1.9
\WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-PO-034-2(28) 1999|Primary
Design/JMF 98 79 53 38 21 4.40 5.00 13.6 5.3
JMF Limits 90-100 72-86 46-60 33-43 16-26 2.4-6.4
97 -1 |71 -8 |46 -7 33 -5 |19 -2 |4.90 ]0.50 |5.07 0.07 11.6 -2.0 |3.6 -1.7
WB 90-100 55-95 30-65 20-50 5-30 2-7 13.0 min CMP-P0O-034-2(28) 1999|Primary
Design/IJMF 98 79 53 38 21 4.40 5.00 13.6 5.3
LIMF Limits 90-100 72-86 46-60 33-43 16-26 2.4-6.4 4.75-5.25) 12.1-15.1 3.0-5.0
98 o |80 1 |56 3 |39 1 |21 o |[5.30 [0.901(5.60 0.60 [11.7 .19 (3.1 2.2
95 -3 |75 -4 |53 o |38 o |21 0o 1[5.00 |0.601/5.10 0.10 |11.4 2.2 (3.6 1.7
98 0 |86 7 |63 10 |45 7 |23 2 15.30 |0.90(5.80 0.80 |12.1 1.5 (3.9 1.4
99 1 |80 1 |55 2 |40 2 (22 1 |6.10 |1.70(5.40 0.40 |12.1 .15 |41 1.2
WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min CMP-PO-043-2(38) &  [1999|Primary
Design/IJMF 99 86 56 34 12 5.70 4.80 13.7 4.0 STPE-042-3(28)
JMF Limits 90-100 81-95 49-63 28-38 7-17 3.0-7.0 4.55-5.05] 12.2-15.2 2.5-45
99 0 |86 o |54 2 |34 o |14 2 |[7.00 |(1.30(4.84 0.04 [11.1 26 (1.8 2.2
97 2 |86 o |49 -7 |30 .4 |13 1 16.40 |0.70 |4.80 0.00 |12.5 1.2 (3.4 -0.6
100 1 185 -1 |50 6 |31 .3 |13 1 16.30 |0.60 [4.88 0.08 [12.0 -1.7 [3.0 -1.0
99 0 |85 -1 |58 2 |38 4 |15 3 |7.40 |1.701/4.83 0.03|11.6 2.1 25 1.5




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
99 0o |88 2 |60 4 37 3 |15 3 1690 (1.20/4.70 -0.10/12.1 -1.6 [3.0 -1.0
98 -1 (84 2 |55 1 35 1 (14 2 [7.20 |1.504.70 -0.10/13.0 -0.7 |13.9 0.1
WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-PO-043-2(38) 1999(Primary
Design/IMF 99 86 56 34 12 5.70 4.80 13.7 4.0
JMF Limits 90-100 81-95 49-63 28-38 7-17 3-7
99 0 [84 -2 |55 -1 [34 0 [14 2 [7.40 |1.70 |4.51 -0.29|12.3 -1.4 4.5 0.5
WB 100 85-100 35-70 20-55 5-35 2-7 CMP-PO-1105(4) 1999(Secondary
Design/IMF 100 93 52 39 19 5.00 5.40 15.1 4.0
JMF Limits 100 86-100 45-59 34-44 14-24 3-7
100 0 [95 2 |59 7 |45 6 [23 4 |5.60 [0.60 |5.42 0.02 |13.9 -1.2 |2.8 -1.2
WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min CMP-P0O-1208(10) 1999|Secondary
Design/JMF 99 79 45 31 19 5.80 5.20 12.8 4.0
LIMF Limits 90-100 72-86 39-53 26-36 14-24 3.0-7.0 4.95-5.45] 11.3-14.3 2.5-45
100 1 182 3 |48 3 |33 2 21 2 |[5.90 [0.101(5.59 0.39
98 -1 |84 5 |48 3 |31 o |18 -1 |[5.40 |-0.40/6.00 0.80
100 1 (82 3 |45 o |30 -1 |18 -1 |5.20 |-0.60/5.70 0.50
100 1 (82 3 |45 o |31 o |18 -1 |5.40 |-0.40/5.70 0.50
5.24 0.04
5.10 -0.10
WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-PO-1208(10) 1999(Secondary
Design/IMF 99 79 45 31 19 5.80 5.20 12.8 4.0
JMF Limits 90-100 72-86 39-53 26-36 14-24 3-7
99 0 (76 -3 41 -4 (28 -3 |18 -1 [5.20 |-0.60|5.20 0.00 (11.8 -1.0 |2.1 -1.9
100 1 |85 6 |49 4 |33 2 21 2 16.10 ]0.30(5.53 0.33 [12.1 -0.7 |2.1 -1.9
98 -1 (79 0 43 -2 (30 -1 (19 0 [6.00 0.20 [5.06 -0.14{12.1 -0.7 |3.2 -0.8
99 0 |78 2 |44 3  [30 2 |19 1 |5.70 [0.50|5.25 0.05 [11.9 0.1 [2.4 0.3
\WB 100 85-100 35-70 20-55 5-35 2-7 CMP-PO-2303(15) 1999(Secondary
Design/IMF 100 97 46 27 9 5.10 5.20 14.4 4
JMF Limits 100 90-100 39-53 22-32 5-15 3-7
100 0 |96 -1 |44 -2 |28 1 12 3 [7.90 |2.805.01 -0.19(13.4 -1.0 |3.2 -0.8
\WB 90-100% 55-95% 60-65% 20-50% 5-30% 2-7% 12.0 min CMP-PO-FX-023-2(35) [1999|Primary
Design/IJMF 97 73 41 26 12 4.90 4.75 13.5 3.7
IUMF Limits 90-100 66-80 34-48 21-31 7-17 2.9-6.9 4.5-5.0 12.0-15.0 2.5-45
5.00 0.25 (14.6 11 3.1 -0.6




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
4.85 0.10 |14.6 1.1 |34 -0.3
4.80 0.05 |15.1 1.6 |4.0 0.3
4.78 0.03/14.8 1.3 |3.8 0.1
4.81 0.06 |15.0 15 3.9 0.2
\WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-PO-FX-023-2(35) [1999(Primary
Design/JMF 97 73 41 26 12 4.90 4.75 13.5 3.7
JMF Limits 90-100 66-80 34-48 21-31 7-17 2.9-6.9
94 -3 |64 -9 (37 -4 26 0 |[15 3 [7.00 |2.10|4.52 -0.23(9.7 -3.8 0.7 -3.0
96 -1 |71 -2 |41 0 [28 2 |16 4 [7.90 |3.00 [4.37 -0.38(9.7 -3.8 |2.1 -1.6
\WB 90-100 55-95 30-65 20-50 5-30 2-7 FH-0601(29) 1999|Secondary
Design/JMF 94 79 49 27 9 5.00 5.75 14.8 4.8
IJMF Limits 90-100 72-86 42-56 22-32 5-15 3-7
92 -2 |72 -7 |46 -3 31 4 (14 5 |[7.30 (2.30 4.89 -0.86(10.2 -4.6 (1.2 -3.6
83 -11 |67 -12 |44 -5 [30 3 |14 5 [7.30 [2.30]5.17 -0.58(10.5 -4.3 [1.2 -3.6
'\WB 90-100 55-95 30-65 20-50 5-30 2-7 IM-25-4(135)219 1999|Interstate
Design/IMF 97 76 47 29 15 5.40 5.20 12.5 4
JMF Limits 90-100 69-83 40-54 24-34 10-20 3-7
96 -1 |78 2 |51 4 |35 6 |20 5 |[7.00 [1.60|5.74 0.54 (11.9 -0.6 [2.7 -1.3
\WB 100 85-100 35-70 20-55 5-35 2-7 13.0 min IM-25-4(135)219 1999|Interstate
Design/IJMF 100 95 48 29 15 5.80 5.60 13.8 4.4
IJMF Limits 100 88-100 41-55 24-34 10-20 3.0-7.0 5.35-5.85 12.3-15.3 2.5-4.5
100 o |97 2 |51 3 |33 4 |18 3 |[7.60 |(1.8015.19 -0.41|13.5 .0.3 [5.2 0.8
100 0 |96 1 |45 -3 29 o |16 1 16.30 |0.505.70 0.10 (13.7 -0.1 |4.0 -0.4
100 0 |95 o |44 .4 |28 .1 |16 1 16.20 |0.40 [5.60 0.00 [13.6 0.2 [3.7 0.7
100 0 |96 1 (54 6 |33 4 |17 2 |7.30 |1.50(5.80 0.20 |14.3 0.5 [5.3 0.9
100 o (96 1 |50 2 (29 o |[14 -1 [5.80 |0.00 [5.60 0.00 |13.9 0.1 |51 0.7
\WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min IM-25-4(135)219 1999|Interstate
Design/IJMF 97 76 47 29 15 5.40 5.20 12.8 4.0
IJMF Limits 90-100 69-83 40-54 24-34 10-20 3.0-7.0 4.95-5.45 11.3-14.3 2.5-4.5
97 o |74 2 |47 o (32 3 |18 3 16.50 |1.10/4.60 -0.60|11.6 1.2 4.3 0.3
95 2 (74 2 |49 2 |32 3 |17 2 |[5.90 [0.501(5.60 0.40 (12.5 .0.3 4.3 0.3
94 -3 |78 2 [52 5 (34 5 |18 3 [6.60 |1.205.55 0.35|11.2 -1.6 |12.9 1.1
WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min IM-25-4(135)219 1999|Interstate
Design/JMF 97 76 a7 29 15 5.40 5.60 13.8 4.7




Design/IMF
MF Limits

3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
IMF Limits 90-100 69-83 40-54 24-34 10-20 3.0-7.0 5.35-5.85 12.3-15.3 2.5-45
96 -1 |80 4 |52 5 |34 5 |19 4 |[7.00 |(160/5.14 -0.46|12.0 1.8 3.7 1.0
97 0 |76 o |50 3 |33 4 |18 3 16.80 |1.40(5.49 -0.11/12.0 1.8 3.1 1.6
94 -3 |74 -2 |46 -1 |29 0o |16 1 16.20 |0.801(4.63 -0.97/12.1 -1.7 3.8 -0.9
97 o |77 1 49 2 |32 3 |18 3 16.40 (1.00 [5.60 0.00/12.8 -1.0 [3.9 -0.8
94 3 (71 5 [41 6 |26 .3 |13 .2 [4.80 |.0.604.67 -0.93|12.0 -1.8 4.8 0.1
wWB 90-100 55-95 30-65 20-50 5-30 2-7 IM-80-3(127)187 1999|Interstate
Design/JMF 97 75 41 25 11 6.10 5.00 13.9 4.9
IMF Limits 90-100 68-82 34-48 20-30 6-16 3.0-7.0 4.75-5.25) 12.4-15.4] 3.0-5.0
96 -1 |81 6 |41 0 |24 -1 |11 0o [5.30 |-0.80/5.27 0.27 |112.4 1.5 (3.0 1.9
95 -2 |78 3 |42 1 |25 o |11 0 [5.60 |-0.50/5.20 0.20|12.8 1.1 3.9 1.0
94 -3 |69 6 |37 -4 |24 -1 |11 0 |5.50 |-0.60/4.54 .0.46|10.7 3.2 3.2 1.7
97 o |75 o |39 2 |24 -1 |10 -1 [5.10 |-1.004.91 -0.09/11.6 2.3 (2.7 2.2
92 5 |72 -3 |40 -1 |26 1 |12 1 |5.40 |-0.70/4.81 -0.19/10.6 3.3 2.5 2.4
95 2 |78 3 |38 .3 |23 .2 |10 -1 |[5.40 |-0.70/5.14 0.14 (12.7 1.2 [3.0 1.9
95 -2 |77 2 |40 -1 |24 -1 |11 0o [5.40 |-0.70/5.10 0.10 |12.7 1.2 3.1 1.8
98 1 (81 6 |43 2 |27 2 |11 0o [5.30 |-0.80/5.20 0.20 |13.2 0.7 3.7 1.2
98 1 (81 6 |44 3 |27 2 |11 0 |5.40 |-0.70/5.46 0.46 |13.0 -0.9 3.2 1.7
99 2 |81 6 |42 1 |25 o |11 o |[5.50 [|-0.60/5.34 0.34 (12.3 1.6 3.2 1.7
97 o |79 4 |42 1 |25 o |11 o |[5.60 |-0.50/5.06 0.06 [11.6 23 (3.1 -1.8
90 -7 |60 -15 |27 -14 |19 6 |9 -2 |4.60 |-1.50/4.84 -0.16/12.0 -1.9 [4.0 -0.9
96 -1 |76 1 |44 3 |28 3 |12 1 [6.00 |.0.10/5.14 0.14 |12.6 1.3 3.2 1.7
97 o |76 1 |44 3 |28 3 |12 1 [5.30 1|-0.80/4.99 -0.01/12.0 1.9 3.5 1.4
95 -2 |78 3 |44 3 |28 3 |11 0o [5.00 |-1.10/5.08 0.08 |12.2 1.7 3.0 1.9
95 -2 |67 -8 (35 -6 [22 -3 (11 0 (4.8 -1.30(4.33 -0.67(11.4 -2.5 4.1 -0.8
97 0 (75 0 |41 0 [25 0 (11 0 |[55 -0.60[4.99 -0.01{13.9 0.0 4.8 -0.1
93 -4 |75 0 |44 3 [27 2 |12 1 |59 -0.20[5.01 0.01 (14 0.1 |5.1 0.2
\WB 90-100 55-95 30-65 20-50 5-30 2-7 IM-80-3(127)187 1999|Interstate
Design/JMF 96 84 36 22 11 5.00 4.90 13.9 5
JMF Limits 90-100 77-91 30-44 20-30 6-16 3-7
98 2 |87 3 |42 6 [25 3 |12 1 |5.60 [0.60 |4.68 -0.22(12.9 -1.0 |2.9 -2.1
\WB 90-100 90-MAX 23-49 2-7 IM-80-3(129)143 & 1999|Interstate
100 82 42 27 14 3.50 5.00 14.2 4.2 CMP SR-80-3(125)173 w/ RAP




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
100 0 |82 0 |46 4 (30 3 |15 1 14.6 1.10 |4.20 -0.80(14.1 -0.1 6.3 2.1
100 0 |82 0 |46 4 (29 2 |15 1 4.3 0.80 (4.27 -0.73(14.2 0.0 6.1 1.9
100 0 (85 3 49 7 32 5 (17 3 5.4 1.90|5.23 0.23 12.7 -1.5 |2.6 -1.6
100 0 (80 -2 43 1 31 4 |16 2 41 0.60 (4.97 -0.03(13 -1.2 |3.6 -0.6
100 0 (84 2 |46 4 |30 3 |16 2 [5.2 1.70 |14.67 -0.33[12.5 -1.7 |3.5 -0.7
100 0 |85 3 |49 7 |32 5 (17 3 54 1.90 |5.23 0.23 (12.7 -1.5 2.6 -1.6
100 0 (84 2 |48 6 |31 4 (16 2 |4.60 |[1.104.82 -0.18(13.2 -1.0 4 -0.2
100 0 |83 1 |44 2 |29 2 |16 2 4.4 0.90 (4.66 -0.34(12.9 -1.3 (3.9 -0.3
100 o |80 2 |47 5 |32 5 |17 3 490 |1.40 |4.67 .0.33|11.4 28 (2.4 -1.8
100 o |80 2 |44 2 29 2 |15 1 14.30 |o0.80 |4.91 -0.09/12.9 1.3 3.5 0.7
100 0 |83 1 149 7 |32 5 |17 3 |[6.10 [2.60 |4.65 .0.35/12.3 .19 (2.4 -1.8
100 0 (82 o |47 5 |31 4 |16 2 14.40 |0.90 |4.98 -0.02|12.9 1.3 (2.8 1.4
100 0 |85 3 |50 s (32 5 |17 3 14.20 |0.701(5.29 0.29 |12.4 1.8 1.8 2.4
100 o (84 2 |48 6 |31 4 |16 2 14.20 |0.701/5.18 0.18 |13.5 .0.7 3.2 1.0
100 o |80 2 |45 3 |30 3 |16 2 |4.80 |(1.301(4.85 -0.15/11.7 25 (1.9 2.3
100 0 |85 3 |50 s |32 5 |17 3 |4.50 |1.001(5.05 0.05 (12.4 -1.8 [2.7 1.5
100 0 |83 1 148 6 |31 4 |16 2 490 |1.40 4.97 -0.03/12.3 1.9 (2.3 1.9
100 o |80 -2 |45 3 |30 3 |16 2 1490 |1.40(4.74 .0.26|11.7 25 (2.1 2.1
100 o |78 -4 |44 2 |29 2 |16 2 |5.30 |1.80(|4.37 .0.63|12.3 1.9 3.9 -0.3
100 0 (88 6 |53 11 33 6 |16 2 |5.40 |1.901(4.75 .0.25|14.8 0.6 [5.2 1.0
100 0 |86 4 |45 3 29 2 |15 1 14.90 |1.40 4.40 -0.60[14.4 0.2 [5.5 1.3
100 0 |86 4 |46 4 |29 2 |15 1 14.80 |1.30 4.50 -0.50[14.2 0.0 [5.6 1.4
100 0 |88 6 |49 7 31 4 |16 2 |[5.20 |(1.70(4.63 .0.37/13.8 0.4 |4.4 0.2
100 0 (83 1 |47 5 |30 3 |16 2 15.20 |1.701/5.20 0.20 |12.4 1.8 2.7 1.5
100 o (84 2 |51 9 |33 6 |17 3 |5.70 [|2.20(5.21 0.21|12.5 1.7 1.4 2.8
100 o |77 .5 |46 4 |31 4 |17 3 14.80 |1.301(4.83 .0.17|12.5 1.7 2.5 1.7
100 o |84 2 |51 9 |32 5 |16 2 |[5.00 |(1.5015.18 0.18 [13.3 .09 [2.7 1.5
100 o |81 1 |42 o 27 o |15 1 1450 |1.00 5.03 0.03 [13.9 .0.3 [3.5 0.7
100 o |80 2 |45 3 29 2 |15 1 1|5.00 |1.50(5.12 0.12 (14.3 0.1 [3.5 0.7
100 0 (82 o |44 2 |29 2 |16 2 14.80 |1.30/4.64 -0.36|13.4 -0.8 [3.5 0.7
100 o (84 2 |44 2 (28 1 (15 1 440 |0.90/5.01 0.01 |14.4 0.2 |42 0.0
100 o |77 5 [41 -1 (27 0o |16 2 [5.20 |1.70 4.74 -0.26|12.5 -1.7 |12.6 -1.6
100 o |82 0o |46 4 (30 3 |16 2 |4.30 |0.801(5.21 0.21 (13.3 .09 (2.8 1.4
100 0 |86 4 |54 12 |34 7 |17 3 |[5.50 [2.0015.23 0.23 |13.5 -0.7 |2.9 1.3
100 0 |83 1 148 6 |31 4 |16 2 |[5.20 |(1.70(4.84 -0.16/12.9 1.3 (3.4 -0.8




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification

100 o |77 5 |39 .3 27 o |16 2 |[5.50 [2.00(4.25 .0.75/12.5 1.7 [3.9 0.3

100 o |79 3 |45 3 [30 3 (17 3 [5.80 |2.304.65 .0.35|12.4 -1.8 2.7 1.5
\WB 90-100 90 max 23-49 2-7 13.0 min IM-80-3(129)143 & 1999|Interstate
Design/JMF 100 82 42 27 14 3.50 5.00 14.2 4.1 CMP SR-80-3(125)173 w/ RAP
IJIMF Limits 12.7-15.7 3.0-5.0

100 0o |83 1 |47 5 |31 4 |16 2 |3.40 |-0.10/4.61 .0.39/12.4 1.8 [3.1 -1.0

99 -1 |86 4 |48 6 |32 5 |17 3 |4.00 |0.50|4.45 .0.5512.5 1.7 3.2 -0.9

100 o |84 2 |49 7 |32 5 |16 2 |4.30 |0.80|4.84 -0.16/12.9 1.3 (3.4 0.7

100 0o (81 -1 |46 4 |30 3 |15 1 (3.50 |0.00 |4.68 -0.32|13.4 -0.8 3.9 0.2

100 o |79 -3 43 1 (28 1 |15 1 (3.80 |0.30(4.46 .0.54|12.7 1.5 (3.2 -0.9

100 0 (82 o |43 1 (28 1 |15 1 [4.10 |0.60 |4.65 .0.35|13.3 -0.9 3.8 -0.3

100 0 |78 -4 |41 -1 27 o |15 1 14.30 |o0.80 |4.16 -0.84/13.3 .09 [4.5 0.4

100 0 |78 -4 |44 2 |30 3 |17 3 |5.00 |1.50 (4.37 -0.63/13.1 -1.1 [5.0 0.9

100 0 (83 1 |48 6 |31 4 (17 3 1480 [1.30 [4.65 -0.35/13.1 -1.1 3.6 -0.5

100 0 (82 0 |44 2 [29 2 |16 2 (440 |0.90 4.70 -0.30/13.2 -1.0 |41 0.0

100 0 (80 2 |44 2 |29 2 |17 3 (3.80 |0.301(4.19 .0.81|11.9 23 3.1 1.0

100 0 |76 -6 |39 -3 |26 -1 |14 o 14.20 |0.701/4.16 .0.84|13.1 1.1 (4.8 0.7

100 0 |83 1 |47 5 |31 4 |16 2 |4.60 |(1.104.70 -0.30[12.4 -1.8 [3.3 -0.8

100 o |79 3 |41 -1 27 o |15 1 14.80 |1.304.61 -0.39(13.8 .0.4 |4.7 0.6

99 1 |82 o |44 2 29 2 |16 2 |4.40 |0.90 4.71 -0.29/13.1 1.1 4.1 0.0

100 0 (82 o 43 1 (28 1 |15 1 [4.40 |0.90 |4.77 .0.23|13.3 -0.9 [3.5 -0.6

100 0 |86 4 |50 s |31 4 |16 2 |5.00 |1.50(5.14 0.14 |14.2 0.0 |4.2 0.1

100 0 (82 o |44 2 |28 1 |15 1 [5.10 |1.604.71 .0.29|13.3 -0.9 3.6 0.5

100 o |84 2 |47 5 |31 4 |16 2 |[5.30 |1.80 |4.66 -0.34/12.9 1.3 3.2 -0.9

100 o |81 1 |41 -1 27 o |15 1 1|5.80 [2.304.79 .0.21/13.8 0.4 |4.4 0.3

100 o |87 5 |49 7 31 4 |16 2 |[5.10 |1.6015.11 0.11 (14.1 -0.1 [3.9 0.2

100 0 (83 1 |45 3 |29 2 |16 2 |5.10 |1.601/4.76 .0.24|13.3 0.9 4.2 0.1

100 o (84 2 |46 4 |31 4 |17 3 16.50 |3.00(4.42 .0.58|13.0 1.2 3.5 -0.6

100 0o (81 1 |42 0 |28 1 |16 2 |5.00 |1.50(4.59 .0.41|13.5 0.7 4.1 0.0

100 0 |83 1 |46 4 (30 3 |16 2 |[5.10 |1.60 |4.96 -0.04/13.8 -0.4 4.0 0.1

100 0 |86 4 |50 s |30 3 |17 3 |[5.10 |1.60(4.58 -0.42(13.8 .0.4 |4.7 0.6

100 0o |83 1 |46 4 |29 2 |15 1 1|5.00 |1.504.91 -0.09/13.3 .09 [3.7 -0.4

100 o (84 2 |47 5 |30 3 |16 2 14.60 |1.10/4.40 -0.60|13.5 .0.7 |4.7 0.6

100 o (89 7 |47 5 |30 3 |16 2 15.20 |1.701/4.90 -0.10/13.8 0.4 (4.2 0.1

100 0o (81 1 |42 o |27 o |15 1 1[5.10 |1.601(4.76 .0.24|13.7 .05 [5.5 1.4




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification

100 o |81 1 |44 2 27 o |16 2 |4.90 |(1.4014.73 .0.27/12.8 1.4 2.9 1.2

100 0 (83 1 |45 3 |30 3 |16 2 |5.00 |1.50(4.98 -0.02

100 o |81 1 |43 1 |28 1 |16 2 |[5.30 |(1.804.79 .0.21|12.7 .15 (3.2 -0.9

100 o |82 o |44 2 29 2 |16 2 |4.80 |(1.301(4.86 -0.14/13.6 -0.6 4.0 0.1

100 0o |83 1 |46 4 (28 1 |15 1 14.90 |1.40 4.61 -0.39/13.5 .0.7 |4.0 0.1

100 0o |75 -7 42 0 |26 -1 |13 -1 14.40 |0.90 |4.83 .0.17|13.5 0.7 4.1 0.0

100 0 |86 4 |48 6 |30 3 |16 2 |5.10 |1.60(5.21 0.21|14.2 0.0 |4.2 0.1

100 o |80 2 143 1 (28 1 |16 2 |5.00 |1.501(4.62 .0.38|13.0 1.2 (3.4 0.7

100 0 |82 0o |43 1 |26 .1 |16 2 |[5.50 [2.00 |4.59 -0.41(14.0 0.2 4.7 0.6

100 0 |83 1 |45 3 |30 3 |16 2 |4.90 |(1.404.74 -0.26/13.2 -1.0 [3.4 0.7

100 0 |83 1 143 1 |28 1 |17 3 |[5.00 [1.50(4.62 -0.38/13.2 -1.0 [3.8 -0.3

100 o [83 1 |45 3 [30 3 |16 2 [5.50 |2.004.71 -0.29|12.5 -1.7 |13.0 1.1
\WB 90-100 90 max 23-49 2-7 13.0 MIN IM-80-3(129)143 & 1999|Interstate
Design/JMF {100 82 42 27 14 3.50 5.00 13.8 4.0 CMP SR-80-3(125)173 w/ RAP
IMF Limits 4.75-5.25| 12.3-15.3 3.0-5.0

100 o |79 -3 43 1 (29 2 |17 3 14.70 |1.20/4.63 .0.37|13.2 -0.6 |4.0 0.0

100 o (81 -1 |45 3 |31 4 |16 2 |5.10 |1.601/4.76 .0.24|14.4 0.6 [5.3 1.3

100 0 |83 1 149 7 |32 5 |16 2 |4.90 |(1.40 |4.99 -0.01/14.3 0.5 4.7 0.7

100 0 |83 1 |46 4 [31 4 |16 2 |[5.00 [1.50(4.62 -0.38/13.1 .0.7 [3.9 0.1

100 0 |82 o |45 3 |31 4 |16 2 |4.80 |[1.30(4.42 .0.58(12.8 -1.0 [3.7 -0.3

100 0 (82 0 |55 13 37 10 (17 3 1490 |1.401/4.70 -0.30|13.1 .0.7 3.8 0.2

100 0 (82 o |44 2 |29 2 |16 2 1470 |1.20(4.78 .0.22|13.3 .05 3.7 -0.3

100 o |77 -5 |40 -2 |26 -1 |15 1 [4.20 |0.70 |4.63 .0.37|13.6 -0.2 |4.5 0.5

100 o |80 2 |44 2 29 2 |16 2 |4.40 |(0.90 |4.83 -0.17/13.9 0.1 4.5 0.5

100 o (80 2 |46 4 |29 2 |16 2 (480 |1.304.54 -0.46|12.7 -1.1 13.3 -0.7
\WB 100 85-100 35-70 20-55 5-35 2-7 IM-90-4(101)169 1999|Interstate
Design/JMF 100 94 49 27 10 3.60 5.00 13.9 4.1 w/ RAP
LIMF Limits 4.75-5.25] 12.4-15.4] 2.5-45

100 0 (94 0 |46 -3 27 0 (12 2 [5.6 2.00 (4.87 -0.13(12 -1.9 2.8 -1.3

100 0 |93 -1 |45 -4 |27 o |12 2 |6.00 [2.401(5.00 0.00 [11.9 2.0 (2.1 2.0

100 o (97 3 |46 -3 |27 o |12 2 16.10 |2.50(5.17 0.17 |112.1 1.8 1.1 3.0

100 o (94 o |42 -7 |25 -2 |14 4 |6.90 (3.304.70 -0.30|11.4 25 (2.1 2.0

99 -1 |95 1 |50 1 (30 3 |14 4 16.90 |(3.304.77 .0.23|11.3 26 2.0 2.1

100 0 |93 -1 |44 .5 |26 -1 |13 3 |[6.70 |(3.10(4.48 .0.52/12.0 19 (3.4 0.7

99 -1 |93 1 |41 .8 |26 1 |12 2 |[5.70 [2.104.61 .0.3911.4 25 (2.1 2.0




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification

100 0 (92 2 |41 -8 |26 -1 |12 2 |5.80 [2.20/4.78 -0.22/11.3 2.6 |14 -2.7

100 0 (95 1 |48 -1 |29 2 |14 4 |6.70 |(3.10 |4.54 .0.46|11.3 26 (2.2 1.9

100 0 |96 2 |46 .3 |28 1 |14 4 16.20 |2.60(4.74 -0.26/11.5 2.4 (2.2 1.9

100 o |94 0o |48 -1 |29 2 |14 4 16.70 |3.10(4.26 .0.74/12.9 1.0 4.4 0.3

100 0 |96 2 |53 4 (30 3 |11 1 1|5.40 |1.80 (4.94 -0.06/12.2 1.7 2.3 -1.8

100 o |97 3 |48 -1 |28 1 |12 2 |5.50 |1.90(4.20 -0.80|11.3 26 (2.8 1.3

100 0 (96 2 |53 4 |31 4 |13 3 16.20 |2.60 |4.52 .0.48|11.7 2221 2.0

100 0 |96 2 |50 1 [29 2 |13 3 |[5.90 [2.304.61 -0.3911.6 231 |20

100 0 |93 -1 |50 1 129 2 |12 2 |6.10 [2.501(5.00 0.00 [11.5 2.4 (1.4 2.7

100 0 |96 2 |50 1 129 2 |13 3 |[6.40 [2.80(4.20 -0.80[11.2 2.7 2.9 1.2

100 0 |95 1 |46 .3 27 o |12 2 16.20 [2.60 |4.50 -0.50[11.3 26 2.5 1.6

100 0 |95 1 |48 -1 |28 1 |12 2 16.50 |2.90(4.30 -0.70|12.6 1.3 4.3 0.2

100 0 |96 2 |45 -4 |27 o |12 2 16.80 |3.201(4.20 -0.80|11.4 25 (3.2 -0.9

100 0 (93 -1 |39 -10 |23 4 |9 -1 14.20 |0.60 |3.64 -1.36|11.3 2.6 4.6 0.5

100 o |94 0o |43 6 |26 1 |12 2 |6.00 [2.40 |4.07 -0.93(10.8 3.1 [2.6 1.5

100 o |89 .5 |36 .13 |23 -4 |10 o |[5.30 |[1.701(4.02 -0.98/11.8 2.1 |4.0 0.1

100 0 |95 1 |52 3 |32 5 |16 6 [6.00 [2.40(4.22 -0.78/12.0 -1.9 (3.9 0.2

100 0 |95 1 |48 -1 |27 o |11 1 1[6.50 |2.9014.30 -0.70/11.4 25 (3.3 0.8

100 o (91 -3 |42 -7 |25 -2 |11 1 1[6.10 |2.501(3.53 -1.47|11.6 23 5.1 1.0

100 0 (93 1 |47 2 |27 o |12 2 16.80 |3.201(4.70 .0.30|11.1 2.8 (1.3 2.8

100 o |94 0o |43 6 |25 2 |11 1 |5.70 |2.10 |4.59 .0.4111.4 25 (2.2 1.9

100 o |94 0o |43 6 |25 2 |11 1 1|5.40 |1.80 4.49 .0.51/12.3 1.6 [3.6 -0.5

100 o (93 1 |42 -7 25 2 [11 1 [6.20 [2.60/4.36 -0.64/11.9 2.0 2.8 1.3
WB 100 85-100 35-70 20-55 5-35 2-7 13.0 min IM-90-4(101)169 1999|Interstate
Design/JMF 100 94 49 27 10 3.60 5.00 13.6 4.0 w/ RAP
LIMF Limits 4.75-5.25] 12.1-15.1 2.5-45

100 0 (92 -2 |38 -11 |25 -2 |13 3 |7.20 |3.60 |4.66 .0.34|12.2 1.4 (3.8 0.2

100 o (94 0 |46 -3 |29 2 |14 4 |6.60 (3.005.16 0.16 |11.6 20 1.1 2.9

100 o (97 3 |50 1 (30 3 |14 4 |[7.90 |(4.30 |4.66 .0.34|12.5 1.1 (3.4 -0.6

100 0 |95 1 |47 2 29 2 |14 4 [7.80 |4.20(4.74 -0.26/11.9 1.7 |2.6 1.4

100 o |97 3 |47 .2 |28 1 |13 3 |[6.10 [2.50|4.45 .0.5512.4 1.2 (3.4 -0.6

100 o |97 3 |48 -1 |28 1 |13 3 |[7.30 |(3.70 |4.47 .0.53(12.2 1.4 2.6 1.4

100 0 |96 2 |51 2 |30 3 |13 3 |6.50 [2.90 |4.69 -0.31/12.7 0932 |08

100 0 (96 2 |42 -7 |25 -2 |10 0 1490 |1.30(4.53 .0.47|12.2 1.4 (2.3 1.7

100 0 (88 -6 |46 -3 |26 -1 |11 1 1[5.20 |1.60 |4.28 .0.72|13.2 0.4 (3.7 -0.3




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification

100 o (94 o [43 6 [25 2 |12 2 1640 |2.804.61 -0.39|12.7 -0.9 |3.0 1.0
\WB 90-100 55-95 30-65 20-50 5-30 2-7 MG-042-1(18) 1999|Primary
Design/JMF 97 79 40 26 14 5.50 5.80 14.4 4.0
JMF Limits 90-100 72-86 33-47 21-31 9-19 3-7

96 -1 (82 3 |44 4 |28 2 (15 1 |58 0.30 6.61 0.81 (15.4 1.0 |44 0.4

96 -1 82 3 |44 4 |28 2 (15 1 |58 0.30 6.24 0.44 (15.4 1.0 44 0.4

96 -1 |78 1 |41 1 |26 o |14 0o (490 |-0.60/6.45 0.65 (14.9 0.5 (3.2 -0.8

95 -2 |80 1 142 2 |28 2 |15 1 |5.20 |-0.30/6.55 0.75 (14.8 0.4 [2.6 1.4

94 -3 |79 o |39 -1 |24 2 |12 -2 |5.20 |-0.30/6.33 0.53|15.4 1.0 |3.5 0.5

96 1 |74 -5 |40 0 |25 -1 |14 0o [5.50 |0.00(6.06 0.26 |15.5 1.1 |4.7 0.7

95 -2 |73 -6 |39 -1 |25 -1 |13 -1 14.70 |-0.80/6.13 0.33|14.6 0.2 (3.3 -0.7

96 1 |77 2 |41 1 |25 -1 |14 o |[5.90 [0.4016.12 0.32 (14.5 0.1 [3.1 -0.9

99 2 |86 7 |46 6 |31 5 |18 4 [7.60 |2.10(6.99 1.19 |13.1 1.3 (1.2 2.8

98 1 |81 2 |42 2 27 1 |14 0 [6.20 |[0.7016.24 0.44 (14.1 .0.3 [3.2 -0.8

98 1 (81 2 |40 0 |26 o |14 0 16.60 |1.101(5.93 0.13|13.7 -0.7 2.9 1.1

95 -2 |76 -3 |38 2 |24 2 |17 3 16.60 |1.10(5.55 .0.25|13.0 1.4 (2.9 1.1

96 -1 |80 1 |41 1 |26 o |14 0 16.30 |0.80(5.55 .0.25|13.7 .0.7 |4.7 0.7

96 1 |72 -7 |36 -4 |23 .3 |13 -1 |[5.60 |[0.101(5.80 0.00 (14.1 .0.3 [5.2 1.2

96 -1 |75 -4 |40 0 |25 -1 |14 o |[6.10 |0.6015.20 -0.60[12.8 1.6 4.2 0.2

93 4 |73 6 |31 9 21 5 |12 .2 |4.70 |-0.80/6.11 0.31 [13.8 0.6 [3.2 -0.8

95 2 (73 6 [37 3 [23 3 |12 .2 [5.00 |.0.50[5.98 0.18 |13.6 -0.8 |3.9 0.1
\WB 90-100 55-95 30-65 20-50 5-30 2-7 13.0 min NHI-80-4(207)246 & 1999|Interstate
Design/JMF {100 77 44 28 15 5.40 4.50 13.0 4.3 CMP PO-0410(10) w/ RAP
JMF Limits 4.25-4.75) 11.5-14.5 3.0-5.0

100 0 |75 2 143 -1 |31 3 |19 4 |[5.90 050 4.01 -0.49|12.3 -0.7 |5.0 0.7

100 0 |75 2 |47 3 |33 5 |19 4 |5.90 (050 4.28 .0.22|12.0 1.0 4.1 0.2

100 o |79 2 |48 4 |35 7 |21 6 16.90 |1.501(4.39 -0.11|11.3 1.7 |2.6 1.7

99 1 |71 6 |43 1 131 3 |18 3 |[5.70 |(0.304.19 -0.31/11.5 15 [3.5 -0.8

100 o |80 3 |46 2 |33 5 |20 5 |[5.80 [0.40 |4.70 0.20 |11.6 1.4 2.9 1.4

100 o |78 1 |44 o |32 4 |20 5 |[5.50 |(0.10|4.44 -0.06/11.5 15 (3.1 1.2

100 0 (82 5 |52 s |36 s |20 5 16.90 |1.50(4.84 0.34 |12.7 -0.3 [3.0 1.3

100 o |78 1 |48 4 |33 5 |18 3 16.40 |1.00 |4.60 0.10 |12.4 -0.6 [3.5 0.8

100 o |74 -3 |44 -1 |30 2 |17 2 |5.70 |0.30/4.39 .0.11/12.8 0.2 4.3 0.0

100 o |78 1 |47 3 |34 6 |20 5 |[6.10 |[0.70 |4.60 0.10 (12.3 .0.7 |4.6 0.3

100 o |79 2 |46 2 |33 5 |20 5 |[6.10 |[0.70(4.43 -0.07/11.9 1.1 (3.3 -1.0




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
100 o |78 1 148 4 [35 7 22 7 [7.00 |1.60(4.74 0.24 (12.2 .0.8 [3.7 -0.6
100 0o |75 -2 |46 2 |33 5 |20 5 16.70 |1.30(4.67 0.17 |112.2 0.8 3.3 1.0
100 o |75 2 |43 1 |32 4 |20 5 [6.40 |1.00 |4.56 0.06 [11.5 -1.5 (3.0 1.3
100 o |77 0o |46 2 |34 6 21 6 [6.90 |[1.50(4.50 0.00 [11.6 1.4 (2.8 1.5
100 o |81 4 |49 5 |36 s 21 6 |(7.00 |1.60|4.60 0.10 (12.7 .0.3 [3.2 1.1
100 o |78 1 |46 2 |34 6 |22 7 16.50 |1.10/4.65 0.15 |12.0 1.0 3.4 -0.9
100 0o |75 -2 40 -4 |30 2 |20 5 16.10 |0.701(4.24 -0.26|11.4 1.6 2.7 1.6
100 o |77 o [45 1 |34 6 [21 6 [6.60 |1.204.48 -0.02|11.8 1.2 |13.5 -0.8
\WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min NHI-80-4(207)246 & 1999|Interstate
Design/JMF 100 76 46 28 13 5.80 5.00 13.1 4.0 CMP P0O-0410(10)
IMF Limits 90-100 69-83 39-53 23-33 8-18 3.0-7.0 4.75-5.25) 11.6-14.6 3.0-5.0
99 -1 (75 -1 |44 -2 32 4 |19 6 (5.3 -0.50(4.17 -0.83(11.3 -1.8 |4.6 0.6
100 0 (71 -5 39 -7 27 -1 |16 3 [5.3 -0.50(3.95 -1.05(12.9 -0.2 |5.9 1.9
100 o |78 2 149 3 |35 7 |21 g 16.60 |[0.80|4.71 -0.29|11.0 2.1 21 -1.9
99 -1 |77 1 |44 -2 (29 1 (17 4 14.60 |-1.20/4.98 -0.02|12.4 -0.7 |3.8 -0.2
100 0 (83 7 |54 s |37 9 |20 7 16.20 |0.401(5.14 0.14 |13.0 -0.1 3.9 0.1
98 -2 |76 o |42 -4 |29 1 (17 4 |4.90 |[-0.90/4.85 .0.15|12.2 .09 4.1 0.1
100 o [69 -7 39 -7 27 -1 |17 4 1470 |-1.10/5.21 0.21 |12.0 -1.1 |3.0 1.0
\WB 100 85-100 30-65 20-50 5-35 2-7 NHI-90-4(112)186 1999|Interstate
Design/JMF 100 92 44 26 8 3.90 4.50 13.5 4.5
JMF Limits 100 86-100 37-51 21-31 5-15 3-7
100 0 (89 -3 43 -1 25 -1 (11 3 [6.90 [3.00 |4.59 0.09 12.9 -0.6 4.3 -0.2
100 0 |86 -6 [39 -5 [23 -3 |11 3 [6.90 [3.00 /4.90 0.40 (13.1 -0.4 4.3 -0.2
\WB 90-100 55-95 30-65 20-50 5-30 2-7 NH-ON034-02(031) 1999|Primary
Design/JMF 95 70 a7 34 20 4.00 5.90 14.7 4.0
LIMF Limits 90-100 63-77 40-54 29-39 15-25 2.0-6.0 5.65-6.15 13.2-16.2 2.5-45
99 4 |77 7 48 1 (35 1 |20 o 14.30 |0.3016.40 0.50 |13.7 1.0 2.2 1.8
95 o |69 -1 |44 -3 |33 -1 |19 -1 14.00 |0.00 |6.00 0.10 |13.8 -0.9 [3.0 1.0
98 3 |76 6 |50 3 |39 5 |23 3 |5.00 |1.00(6.56 0.66 |14.0 .0.7 |1.6 2.4
94 -1 |71 1 |48 1 37 3 |23 3 |5.50 |1.501(6.01 0.11 |13.0 1.7 121 1.9
94 -1 |68 2 |46 1 |37 3 22 2 |[5.10 |[1.1015.77 -0.13|12.5 2.2 (2.0 2.0
92 -3 |64 -6 |44 -3 34 0 [21 1 4.2 0.20 [5.71 -0.19(13.7 -1.0 |3.7 -0.3
\WB 90-100 55-95 30-65 20-50 5-30 2-7 NHP-010-3(75) 1999|Primary
Design/JMF 99 79 46 30 21 5.70 5.40 13.8 3.1




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMAVTM |VTM|Designation Year|Classification
IJMF Limits 90-100 72-86 39-53 25-35 16-26 3-7
98 -1 |83 4 |57 11 |42 12 |27 6 |(7.60 [1.90|5.71 0.31 (13.5 -0.3 2.2 -0.9
99 0 |90 11 |64 18 |48 18 |32 11 |11.90 |6.20 [5.98 0.58 (13.8 0.0 (2.2 -0.9
99 0 (78 -1 |48 2 (36 6 (24 3 840 |2.70|5.3 -0.10(13.1 -0.7 |2.2 -0.9
5.69 0.29 (14.8 1.0 1.4 1.7
5.25 -0.15/14.8 1.0 2.7 -0.4
5.82 0.42 |16.8 3.0 |3.6 0.5
'\WB 90-100 55-95 30-65 20-50 5-30 2-7 NHP-012-2(9) 1999(Primary
Design/IMF 100 77 38 25 14 4.7 5.30 15.4 3.9
JMF Limits 90-100 70-84 31-45 20-30 9-19 3-7
100 0 |76 -1 |40 2 |26 1 |16 2 5.1 0.40 [5.15 -0.15(14 -1.4 2.7 -1.2
100 o |78 1 |41 3 |27 2 |17 3 14.50 |-0.20/5.40 0.10 |14.3 1.1 2.2 1.7
100 o |78 1 142 4 |29 4 |19 5 |[5.90 |[1.2015.65 0.35 (14.2 1.2 |25 1.4
100 o |84 7 |47 9 |30 5 |19 5 16.20 |[1.50[5.75 0.45 |15.4 0.0 |41 0.2
100 o |76 .1 |40 2 (27 2 (17 3 [5.50 |0.80[5.23 -0.07/|15.9 05 5.1 1.2
\WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min SCP-ON040-02(018) & [1999(Primary
Design/JMF |94 73 50 37 21 5.30 4.75 124 3.3 ARSCT-ON040-02(018)
LIMF Limits 87-100 66-80 43-57 32-42 16-26 3.0-7.0 4.50-5.00] 10.9-13.9 2545
96 80 7 |56 6 |42 5 |25 4 18.90 [3.60 |4.85 0.10 11.1 -1.3 (1.7 -1.6
95 77 4 |54 4 |42 5 [25 4 18.50 |3.20 |4.86 0.11 |11.7 -0.7 |12.5 -0.8
'\WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min SCP-ON040-02(018) & [1999|Primary
Design/JMF 94 73 50 34 21 5.30 4.75 12.4 3.3 ARSCT-ON040-02(018)
IIJMF Limits 87-100 66-80 43-57 29-39 16-26 3.0-7.0 4.50-5.00 10.9-13.9 2.5-4.5
95 1 |72 -1 |52 2 |34 -3 |20 -1 18.40 |3.10/4.60 .0.15|11.5 -0.9 2.9 0.4
4.76 0.01/11.2 -1.2 2.0 -1.3
95 1 |75 2 |49 1 |37 0 |23 2 |8.00 [2.704.77 0.02 [11.7 0.7 |2.6 0.7
95 1 |73 o |50 o |38 1 |23 2 |8.40 |3.104.77 0.02 [11.4 -1.0 [2.5 -0.8
94 0o |72 -1 |50 o |35 -2 |20 -1 (8.50 |3.20/4.80 0.05 |12.6 0.2 3.5 0.2
93 -1 (66 -7 |42 -8 [33 -4 (18 -3 [7.50 |2.20 [5.00 0.25|12.1 -0.3 |2.5 -0.8
94 0 |67 -6 |43 -7 |33 -4 |20 -1 |7 1.70 |14.75 0.00 (12.3 -0.1 4.4 1.1
91 -3 |70 -3 |45 -5 |33 -4 |20 -1 7.1 1.80 |4.56 -0.19(12.1 -0.3 4.4 1.1
'\WB 100 85-100 35-70 20-55 5-35 2-7 13.0 min SCP-ON040-02(018) & [1999|Primary
Design/JMF 100 93 47 34 19 5.70 5.00 13.7 4.1 ARSCT-ON040-02(018)
|JMF Limits 100 86-100 40-54 29-39 14-24 3.0-7.0 4.75-5.25) 12.2-15.2 2.5-45




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
100 0 |95 2 |60 13 |45 11 |26 7 |9.70 |4.005.13 0.13
100 0 |95 2 |54 7 |41 7 |25 6 [9.00 |3.301/5.00 0.00|11.8 1.9 (1.7 2.4
100 0 |95 2 |52 5 |38 4 (23 4 18.80 |3.10/4.98 -0.02/12.9 -0.8 [2.9 1.2
100 0 |93 0o |46 1 |37 3 22 3 |[8.00 [2.3015.15 0.15 (13.1 0.6 [2.7 1.4
100 o (94 1 |49 2 [36 2 [22 3 [7.60 |1.90 4.99 .0.01/12.4 -1.3 |2.6 1.5
\WB 90-100 55-95 30-65 20-50 5-30 2-7 SCP-010-4(39) 1999|Primary
Design/JMF 96 73 48 33 20 5.60 5.10 14.1 4.9
JMF Limits 90-100 66-80 41-55 28-38 15-25 3-7
98 2 |74 1 |48 0 [33 0 |[19 -1 |4.60 |-1.00/5.31 0.21 (13.0 -1.1 2.9 -2.0
WB 90-100 60-85 35-60 20-45 10-30 2-7 12.0 min SCP-010-4(39) 1999|Primary
Design/JMF 96 73 48 33 20 5.60 5.10 12.8 4.0
IJMF Limits 90-100 66-80 41-55 28-38 15-25 3.0-7.0 4.85-5.35 11.3-14.3 2.5-4.5
99 3 (81 8 (56 3 [39 6 |22 2 [5.60 |0.00 [5.65 0.55 |12.0 -0.8 |2.5 -1.5
95 -1 |77 4 |54 6 |38 5 |21 1 [6.00 1|0.401(5.36 0.26 |11.9 -0.9 2.9 1.1
97 1 (82 9 |57 9 |38 5 |22 2 15.90 |0.301(5.58 0.48 |12.6 0.2 3.7 -0.3
97 1 169 -4 |45 3 |31 .2 |18 -2 |[5.50 |[-0.10/5.13 0.03 [14.0 1.2 6.3 2.3
95 1 |73 o |49 1 |34 1 |19 -1 [5.90 |[0.3015.07 -0.03(12.2 0.6 4.3 0.3
98 2 |77 4 |52 4 [36 3 21 1 16.30 |0.70(6.00 0.90 (12.7 -0.1 [3.5 -0.5
96 o (68 5 [41 -7 |28 5 (17 .3 [4.90 |.0.70/5.50 0.40 |12.5 0.3 |45 0.5
\WB 90-100% 55-95% 30-65% 20-50% 5-30% 2-7% 12.0 min SCP-012-1(96) 1999|Primary
Design/JMF 100 78 42 27 14 5.00 5.70 16.0 4.5
IJMF Limits 90-100 71-85 35-49 22-32 37153 3.0-7.0 5.45-5.95 14.5-17.5 2.5-45
100 o |78 o 43 1 (28 1 |16 2 |5.30 |0.30(5.60 -0.10/13.3 2.7 2.3 2.2
100 o |71 -7 139 -3 |26 -1 |15 1 [5.00 1|0.001(5.36 -0.34|13.4 26 2.7 1.8
100 o |81 3 |46 4 (30 3 |16 2 490 |-0.10/5.58 -0.12/13.6 2.4 2.7 -1.8
100 o |81 3 |46 4 (30 3 |17 3 |[5.60 [0.60|5.59 -0.11/14.0 2.0 2.6 1.9
100 o |78 0o |43 1 |26 -1 |15 1 15.70 |o0.70[5.39 .0.31/14.3 1.7 3.7 -0.8
100 o |78 o |41 -1 |25 -2 |14 o [5.10 |0.101/5.15 .0.55|13.0 -3.0 2.8 1.7
100 0o (81 3 |44 2 |29 2 |16 2 16.50 |1.50(5.57 .0.13|13.2 2.8 1.9 2.6
100 o |80 2 |46 4 |29 2 |16 2 16.10 |1.101(5.62 -0.08|13.5 25 (2.1 2.4
100 o |76 2 |39 .3 |26 -1 |15 1 |5.40 |0.405.16 -0.54/13.5 25 (2.8 1.7
100 o |81 3 |45 3 29 2 |16 2 |6.10 |(1.1015.85 0.15 [13.6 24 (1.1 -3.4
100 o |79 1 |45 3 [27 o |15 1 |[5.80 |o0.80(5.44 -0.26/|13.3 2.7 21 2.4
\WB 90-100 55-95 30-65 20-50 5-30 2-7 SCP-012-1(96) 1999|Primary




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
Design/IMF 100 78 42 27 14 5.00 5.30 13.5 2.5
JMF Limits 90-100 71-85 35-49 22-32 9-19 3-7

100 o |76 2 |40 2 |25 2 |14 o |[5.40 |[0.4015.33 .0.37/12.5 3.5 (2.2 2.3

100 o |77 1 |41 -1 |26 -1 |14 o |[5.80 [0.8015.31 -0.39/13.0 -3.0 [2.6 1.9

100 o |78 o |39 .3 |23 .4 |13 -1 |[5.80 |[0.80 (5.40 -0.30[13.4 26 (3.1 1.4

100 o |77 -1 139 .3 24 -3 |15 1 1590 |0.90|5.14 -0.56/12.5 3.5 (2.3 2.2

100 0 |73 -5 39 -3 |26 -1 |15 1 |59 0.90 (5.18 -0.52(13.1 -2.9 (2.8 -1.7

100 0 |77 -1 43 1 27 0 |[15 4.6 -0.40(5.48 -0.22(13.4 -2.6 2.8 -1.7
\WB 100% 90-100% 40-60% 20-45% 10-30% 2-71% 13.0 min SCP-FX-023-2(29) 1999|Primary
Design/JMF 100 96 44 30 18 6.00 5.25 13.5 3.7
IJMF Limits 100 90-100 40-54 25-35 13-23 3.0-7.0 5.00-5.50 12.0-15.0 2.5-4.5

100 0 |95 -1 |51 7 |34 4 |19 1 16.50 |0.505.79 0.54

100 0 |98 2 |50 6 |34 4 |19 1 16.00 |0.00|5.72 0.47

100 o |94 2 |43 -1 |30 o |17 -1 |[5.70 |-0.30/5.27 0.02

100 o |97 1 |50 6 |34 4 |20 2 [7.00 |1.00|5.60 0.35

100 0 |95 1 |47 3 |32 2 |19 1 1[6.60 |0.60(5.90 0.65 |12.3 1.2 (1.4 2.3

100 o (97 1 |49 5 |33 3 |19 1 1[6.70 |0.7016.10 0.85 |13.0 .05 2.5 1.2

100 0 |96 o |49 5 |32 2 |17 -1 14.90 |-1.10/5.70 0.45 |14.0 05 3.1 -0.6

100 0 |95 -1 |45 1 |28 2 |15 -3 |4.60 |-1.40/5.70 0.45 (12.7 -0.8 [2.8 -0.9

100 o |97 1 |47 3 |31 1 |17 -1 [5.90 [-0.10/6.20 0.95 (13.8 0.3 [2.5 1.2

100 o [95 .1 |46 2 (31 18 o [6.50 |0.505.30 0.05 |12.3 1.2 |11.8 1.9
WB 100 90-100 40-60 20-45 10-30 2-7 SCP-FX-0300(31) 1999|Secondary
Design/JMF 100 92 55 38 18 5.50 5.00 13.9 4.0
LIMF Limits 100 90-100 46-60 33-43 13-23 3.0-7.0 4.75-5.25) 12.4-15.4] 2.5-45

100 o (94 2 |55 o |38 o |18 o [7.40 |1.901/5.08 0.08 |12.3 1.6 1.9 2.1

100 o (94 2 |57 2 |38 o |21 3 |7.20 |1.70(5.07 0.07 |112.3 1.6 2.2 1.8

100 o (94 2 |55 o |35 -3 |18 0 1[5.80 |0.301(4.96 .0.04|12.7 1.2 (3.0 1.0

100 o (93 1 |57 2 [36 2 |18 o 1[5.60 |0.10[5.32 0.32 |13.5 .0.4 |2.7 1.3
'\WB 100 90-100 40-60 25-45 10-30 2-7 SCP-FX-0300(31) 1999(Secondary
Design/IMF 100 92 55 37 18 5.40 5.00 13.3 3.9
JMF Limits 100 90-100 46-60 29-39 13-23 3-7

100 0 |92 o |53 2 |33 .5 |16 -2 |[7.30 |1.80 |4.80 -0.20[13.1 -0.8 [2.9 1.1

100 0 |96 4 |60 5 |36 .2 |16 .2 |[7.50 [2.0015.21 0.21 (13.7 .0.2 [3.2 -0.8

100 0 (94 2 |58 3 |36 -2 |17 -1 |7 1.50 |4.92 -0.08(13.6 -0.3 3.3 -0.7




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
100 0 |95 3 |59 4 |36 -2 (17 -1 [7.7 2.20 (4.98 -0.02(13.6 -0.3 |3.3 -0.7
\WB 90-100 55-95 30-65 20-50 5-30 2-7 SCP-FX-0800(8) 1999|Secondary
Design/JMF 98 80 48 34 17 4.90 5.00 12.1 3.2
JMF Limits 90-100 73-87 41-55 29-39 12-22 2.9-6.9
100 2 81 1 |55 7 |40 6 |20 3 [4.50 |-0.40/5.44 0.44 (12.8 0.7 |3.7 0.5
\WB 90-100 55-95 30-65 20-50 5-30 2-7 SCP-0OP22-01(041) 1999|Primary
Design/JMF 100 75 a7 31 15 4.50 5.10 13.1 4.0
JMF Limits 100 68-82 40-54 26-36 10-20 2.5-6.5
100 0 |86 11 |51 4 |33 2 |17 2 |5.80 [1.30/5.53 0.43 [12.2 -0.9 |2.8 -1.2
\WB 90-100 55-95 30-65 20-50 5-30 2-7 SCP-0OP22-01(041) 1999|Primary
Design/JMF 100 75 45 30 17 6.00 5.10 13.1 4.0
JMF Limits 90-100 68-82 38-52 25-35 12-22 3.0-7.0
100 0 |85 10 (47 2 [32 2 |18 1 |6.20 [0.20(5.08 -0.02(12.3 -0.8 |3.4 -0.6
\WB 90-100% 55-95% 30-65% 20-50% 5-30% 2-71% 12.0 min SCP-0OP22-01(041) 1999|Primary
Design/JMF 97 75 43 28 15 5.00 5.10 13.1 4.0
LIMF Limits 90-100 68-82 36-50 23-33 37184 3.0-7.0 4.85-5.35] 11.6-14.6 2.5-45
100 3 |80 5 |43 0 [29 1 |16 1 1|5.80 |0.80 4.99 -0.11|13.2 0.1 [5.0 1.0
100 3 |85 10 |55 12 |35 7 |17 2 |[5.70 |0.701(5.51 0.41 (14.0 0.9 4.4 0.4
100 3 |84 9 |50 7 |33 5 |17 2 |5.70 |0.70(5.37 0.27 |114.0 0.9 4.9 0.9
100 3 (82 7 |46 3 |30 2 |16 1 [5.30 1|0.301(5.49 0.39 |13.1 0.0 3.8 0.2
100 3 (74 -1 |40 3 [28 o |16 1 |[5.10 [0.10/4.89 -0.21/12.6 0.5 |3.4 -0.6
\WB 90-100 55-95 30-65 20-50 5-30 2-7 STPP-011-2(13) 1999|Primary
Design/JMF 100 90 a7 29 12 3.7 6.70 15.2 4.2
JMF Limits 100 81-95 40-54 24-34 7-17 3-7
100 0 [92 2 |46 -1 [30 1 |15 3 [7.10 [3.4016.79 0.09 [12.6 -2.6 2.8 -1.4
\WB 90-100 55-95 30-65 20-50 5-30 2-7 STPP-011-3(13) &(22) [1999|Primary
Design/JMF 97 80 49 36 20 4.60 5.60 13.6 5.0
JMF Limits 90-100 73-87 42-56 31-41 15-25 3-7
100 3 (83 3 48 -1 35 -1 (19 -1 3.5 -1.10[5.71 0.11 (12.6 -1.0 |3.8 -1.2
100 3 |76 -4 |47 -2 |36 0 |22 2 16.30 [1.70[5.70 0.10/11.8 -1.8 [2.6 -2.4
100 3 |86 6 |53 4 |40 4 |25 5 |[6.80 [2.201(5.60 0.00 (10.8 28 (1.9 3.1
98 1 |79 -1 |45 -4 |35 -1 |20 0o [3.60 |-1.00/5.50 -0.10/11.9 1.7 3.7 1.3
98 1 |77 -3 43 -6 |32 -4 |19 -1 (3.70 |-0.90/5.90 0.30|12.0 1.6 2.6 2.4
94 3 |75 5 [42 -7 31 5 [19 -1 [3.80 |.0.80[5.90 0.30 |12.1 15 3.1 1.9




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
\WB 100% 85-100% 35-70% 20-55% 5-35% 2-7% 13.0 min STPP-011-4(23) 1999|Primary
Design/IMF 100 91 42 25 14 5.50 6.00 15.4 4.5
LIMF Limits 100 85-99 35-49 20-30 37153 3.0-7.0 5.75-6.25 13.9-16.9 2.5-45

100 0 |93 2 |51 9 |29 4 |17 3 |[7.10 |1.601(5.72 .0.28/15.3 -0.1 [5.4 0.9

100 0 |95 4 |49 7 |30 5 |18 4 16.60 |1.101(5.40 -0.60[15.3 .0.1 6.3 1.8

100 o |94 3 |50 8 |29 4 |17 3 |[6.30 |[0.801(5.42 .0.58(14.8 -0.6 [5.8 1.3

100 o (94 3 |52 10 |29 4 |17 3 16.50 |1.00 (6.02 0.02 |15.0 .04 4.7 0.2

100 0 (93 2 |48 6 |28 3 |15 1 1[5.80 1|0.3016.16 0.16 |14.7 0.7 4.4 0.1

100 0 [91 0 |46 4 |29 4 |17 3 [5.7 0.20 [5.44 -0.56(15 -0.4 |5.8 1.3
\WB 100% 90-100% 40-60% 20-45% 10-30% 2-71% 13.0 min STPP-033-3(9) 1999|Primary
Design/JMF 100 93 43 29 16 6.30 5.40 13.0 4.0
LIMF Limits 100 90-100 40-54 24-34 11-21 3.0-7.0 5.15-5.65 11.5-14.5 2.5-45

100 0 |96 3 |56 13 |37 s 21 5 |[9.70 |(3.401(6.00 0.60 [11.7 1.3 (1.8 2.2

100 0 |93 0o |46 3 |31 2 |19 3 [9.40 |(3.1015.50 0.10 (12.3 0.7 [3.2 -0.8

100 o |90 .3 |47 4 (30 1 |17 1 16.50 |0.20 (5.40 0.00 [17.9 49 [3.2 -0.8

100 o (93 o [53 10 |33 4 |20 4 16.70 |0.40 |5.60 0.20 |18.2 52 |3.1 -0.9
\WB 100 90-100 40-60 25-45 10-30 2-7 STPP-033-3(9) 1999|Primary
Design/JMF 100 93 43 29 16 6.30 5.40 13.0 4.0
JMF Limits 100 90-100 40-54 24-34 11-21 3-7

100 0 (91 -2 |45 2 (31 2 (19 3 [8.10 |1.80 [5.62 0.22

100 0 [91 -2 |43 0 [28 -1 |16 0 [7.00 1|0.70 [5.30 -0.10/11.9 -1.1 4.0 0.0

100 0 [93 0 [45 2 |29 0 [17 7.20 ]0.90 |5.55 0.15 |12.1 -0.9 14.0 0.0
\WB 100 85-100 35-70 20-55 5-35 2-7 STPP-034-1(86) 1999(Primary
Design/IMF 100 95 58 45 25 4.1 5.40 14.2 3.7
JMF Limits 100 86-100 51-65 40-50 20-30 2.1-6.1

100 0 [93 -2 |60 2 |45 0 [25 0 [5.30 |1.206.03 0.63 |13.9 -0.3 |1.5 -2.2
\WB 100 90-100 40-60 25-45 10-30 2-7 STPS-0200(14) 1999|Secondary
Design/JMF 100 97 a7 32 17 5.60 6.20 15.5 4.5
JMF Limits 100 90-100 40-54 27-37 12-22 3-7

100 0 (99 2 |51 4 |31 -1 (15 -2 [3.20 |-2.40|6.05 -0.15(18.6 3.1 8.9 4.4

100 0 [99 2 |51 4 |31 -1 [15 -2 [3.20 |-2.40/6.05 -0.15|17.9 2.4 8.1 3.6
\WB 100 85-100 35-70 20-55 5-35 2-7 STPU-1110(2) 1999|Secondary
Design/JMF 100 93 52 39 19 5.00 5.20 14.1 3.1
LMF Limits 100 86-100 45-59 34-44 14-24 3-7




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMAVTM |VTM|Designation Year|Classification
100 0 |93 0 |62 10 |49 10 24 5 [5.20 [0.20 ]4.99 -0.21(14.8 0.7 4.9 1.8
WB 90-100 60-85 35-60 20-45 10-30 2-7 13.0 min IM-25-3(86)160 1999|Interstate
Design/JMF 98 74 40 28 16 5.0 5.40 13.4 4.0
IMF Limits 90-100 67-81 35-49 23-33 11-21 3.0-7.0 5.15-5.65] 11.9-14.9 3.0-5.0
99 1 (84 10 42 2 |27 -1 |17 1 1[6.70 |1.701(5.68 0.28 |14.0 0.6 (3.3 0.7
100 2 |87 13 |46 6 |29 1 |17 1 1690 [1.901(5.70 0.30 |14.7 1.3 |3.8 -0.2
94 -4 |81 7 145 5 |28 o |15 -1 |5.00 |0.00/5.21 -0.19|14.3 09 [5.3 1.3
91 -7 |78 4 |41 1 |25 .3 |15 -1 [5.70 |0.70 [5.15 -0.25|13.6 0.2 |3.7 -0.3
WB 90-100% 55-95% 30-65% 20-50% 5-30% 2-7% 12.0 min AM-ON25-04(057) 2000|Primary
Design/JMF 100 84 41 31 17 5.00 5.00 12.9 2.6
IMF Limits 90-100 77-91 34-48 26-36 37247 3.0-7.0 4.75-5.25) 11.4-14.4] 2.5-45
100 o |80 -4 |35 -6 |26 -5 |15 -2 |5.60 |0.60 |4.64 -0.36|13.6 0.7 |4.0 1.4
4.74 -0.26|13.2 0.3 |31 0.5
\WB 90-100 55-95 30-65 20-50 5-30 2-7 AM-ON34-02(032) 2000|Primary
Design/JMF 98 76 48 36 21 3.70 5.75 15.5 5.1
JMF Limits 90-100 69-83 41-55 31-41 16-26 2-6
99 1 |78 2 |52 4 |38 2 21 0 [4.60 ]0.90]6.01 0.26 (14.1 -1.4 [3.4 -1.7
WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min AM-ON34-02(032) 2000|Primary
Design/JMF 98 76 48 36 21 3.70 5.75 15.5 5.1
IMF Limits 90-100 69-83 41-55 31-41 16-26 2.0-6.0 5.55-6.05] 14.0-17.0 2.5-45
99 1 (83 7 |53 5 |39 3 |22 4.60 |[0.90 (6.40 0.65 |14.7 -.0.8 3.6 1.5
98 o (81 5 (52 4 |39 3 [22 4.70 |1.00 [5.90 0.15 |14.7 0.8 4.1 1.0
\WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-042-1(16) 2000|Primary
Design/JMF 96 77 46 27 13 5.8 5.40 12.9 4
JMF Limits 90-100 70-84 39-53 22-32 8-18 3-7
98 2 (84 7 |53 7 |36 9 21 8 [9.80 |4.00|6.27 0.87 (14.8 1.9 3.9 -0.1
99 3 84 7 |56 10 37 10 |22 9 [10.20 |4.40(6.15 0.75 (14.7 1.8 (3.9 -0.1
96 0 [81 4 |51 5 [34 7 21 8 [9.70 [3.9016.17 0.77 (14.6 1.7 [3.9 -0.1
WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min CMP-042-1(16) 2000|Primary
Design/JMF 96 77 46 27 13 5.80 5.40 12.9 4.0
IMF Limits 90-100 70-84 39-53 22-32 8-18 3.0-7.0 5.15-5.65) 11.4-14.4] 2.5-45
95 -1 |75 2 |44 -2 |30 3 |18 5 |7.60 |1.80(6.00 0.60 |16.0 3.1 6.3 2.3
93 3 |74 -3 43 -3 |29 2 |16 3 16.30 |0.50(5.20 -0.20|14.5 1.6 |b.7 1.7
97 1 (80 3 |46 o |31 4 |18 5 16.80 |1.00(5.30 -0.10/14.8 1.9 |5.3 1.3




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
98 2 |79 2 |50 4 [33 6 |17 4 16.00 |p0.20(5.20 -0.20[15.3 24 (5.8 1.8
'\WB 90-100 55-95 30-65 20-50 5-30 2-7 13.0 min. CMP-PM-1080-05(136) [2000|Interstate
Design/JMF 95 73 53 35 18 5.00 5.00 13.7 4.1
IJMF Limits 90-100 66-80 46-60 30-40 13-23 3.0-7.0 4.75-5.25 12.2-15.2 3.0-5.0
91 -4 |65 -8 |50 -3 |37 2 |19 1 [5.60 |0.60 |4.99 -0.01/13.5 0.2 3.1 1.0
99 4 |76 3 |53 o |38 3 |20 2 |[5.80 [0.801(5.05 0.05 (13.4 .0.3 [3.6 -0.5
96 1 |75 2 |54 1 |38 3 |19 1 |5.10 |0.105.25 0.25 (13.4 -0.3 1.9 2.2
99 4 (79 6 |58 5 |43 g3 [22 4 16.20 |1.20(5.35 0.35|13.3 -0.4 |1.9 2.2
\WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-PM-1080-05(136) [2000|Interstate
Design/JMF 95 73 53 35 18 5.00 5.00 13.7 4.1
JMF Limits 90-100 66-80 46-60 30-40 13-23 3-7
97 2 |79 6 |55 2 |40 5 [21 3 [5.60 [0.60 }4.41 -0.59(14.2 0.5 |5.4 1.3
\WB 100 50-70 33-63 3-12 CMP-P0O-0107-00(022) [{2000({Secondary
Design/JMF 100 57 40 5.70 5.70 14.2 4.1
IJMF Limits 100 50-64 35-45 3.7-7.7
100 0 |65 8 |42 2 21 5.80 [0.10(5.61 -0.09(16.4 2.2 |5.6 1.5
\WB 100 90-100 25-58 2-7 CMP-P0O-043-02(044) [2000(Primary
Design/JMF 100 92 61 33 11 3.90 5.00 14.3 5.4
IJMF Limits 100 90-100 56-66 29-37 8-14 2-6
100 0 |92 0 |54 -7 |34 1 |14 3 (7.2 3.30 (4.98 -0.02(12.2 -2.1 (2.8 -2.6
100 0 (93 1 |64 3 |37 4 |13 2 16.20 |2.30/5.18 0.18 |112.1 22 3.1 2.3
100 0 |93 1 |64 3 |37 4 (13 2 6.20 [2.3015.18 0.18 [11.1 3.2 [2.0 -3.4
100 o |94 2 |64 3 |37 4 (13 2 |[5.90 [2.0015.05 0.05 (12.8 -1.5 [4.0 1.4
100 o |94 2 |64 3 |37 4 (13 2 |[5.90 [2.0015.05 0.05 [11.3 3.0 [2.4 -3.0
100 0 (92 0o (61 o |35 2 |13 2 16.40 |2.50/4.89 -0.11/12.0 2.3 (3.6 1.8
100 0 (92 0o (61 o |35 2 |13 2 16.40 |2.50/4.89 -0.11/10.9 3.4 (2.4 3.0
100 0 (93 1 61 o |35 2 |13 2 16.60 |2.701(5.35 0.35(12.4 1.9 2.9 25
100 0 |93 1 |61 o |35 2 |13 2 |[6.60 [2.7015.35 0.35 [11.1 3.2 1.4 -4.0
100 o |91 -1 |60 -1 |33 o |12 1 16.30 |2.40 (4.90 -0.10/12.6 1.7 4.2 1.2
100 o |91 -1 |60 -1 |33 o |12 1 16.30 |2.40 (4.90 -0.10[11.3 -3.0 [2.8 2.6
100 0 |95 3 |61 o |33 o |12 1 [5.70 1|1.801(5.09 0.09 |13.1 1.2 3.9 1.5
100 0 |95 3 |61 o |33 o |12 1 [5.70 1|1.801(5.09 0.09 |11.6 2.7 2.2 3.2
100 0 (93 1 |64 3 |36 3 |13 2 16.60 |2.7014.90 -0.10/12.0 2.3 3.5 1.9
100 0 |93 1 |64 3 |36 3 |13 2 [6.60 [2.70(4.90 -0.10/10.8 .35 (2.2 3.2




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification

100 0 |96 4 |67 6 |38 5 |13 2 |[6.00 [2.1015.20 0.20 |12.4 1.9 2.6 2.8

100 o (94 2 |66 5 |37 4 |13 2 16.10 |2.201(5.00 0.00 |12.2 2.1 (2.9 25

100 o |91 -1 |55 6 |32 1 |12 1 16.40 |2.50 (5.60 0.60 (12.7 1.6 2.8 2.6

115 -2.8 1.9 -3.5
11.7 2.6 |2.2 -3.2

\WB 100 85-100 35-70 20-55 5-35 2-7 CMP-PO-FX-035-2(30) [2000(Primary
Design/JMF 100 91 49 32 15 5.00 5.64 14.8 4
JMF Limits 100 85-99 42-56 27-37 10-20 3-7

100 0 [89 -2 |46 -3 [29 -3 |15 0 [6.90 [1.905.63 -0.01{13.9 -0.9 3.2 -0.8
\WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-PO-ON20-02(051) [2000(Primary
Design/JMF 95 70 45 34 20 5.40 5.00 13.2 4.7
JMF Limits 90-100 63-77 38-52 29-39 15-25 3-7

96 1 |75 5 |45 0 [34 0 [22 2 |5.20 |-0.20/5.18 0.18 [13.2 0.0 4.4 -0.3
\WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min CMP-PO-ON20-02(051) [2000(Primary
Design/JMF 95 70 45 34 20 5.40 5.00 13.2 4.7
IMF Limits 90-100 63-77 38-52 29-39 15-25 3.0-7.0 4.75-5.25| 11.7-14.7 2.5-45

94 1 |74 4 |45 o |33 -1 |20 o 1(3.80 |-1.60/5.39 0.39 |11.7 15 3.1 1.6

93 -2 |70 o |47 2 |34 o |21 1 [4.80 1|-0.60/5.09 0.09 |11.1 2.1 2.7 2.0

93 2 |77 7 b1 6 |37 3 22 2 490 |-0.50/5.44 0.44 (10.7 25 (2.5 2.2

90 5 |61 .9 |40 5 |30 -4 |19 -1 [4.90 |-0.50/4.90 -0.10[11.8 1.4 (2.8 1.9

98 3 (74 4 |48 3 |35 1 |23 3 |[6.90 |(1.5015.10 0.10 [11.5 1.7 |2.6 2.1

86 -9 (59 -11 [34 -11 [25 9 (17 -3 [3.90 |-1.50/4.54 -0.46|12.7 -0.5 |4.4 -0.3

97 2 |74 4 |44 -1 |32 -2 |20 0 [5.20 |-0.20/5.01 0.01(12.1 1.1 3.5 1.2

97 71 1 |42 -3 [30 -4 |20 o [5.00 |.0.404.93 -0.07/12.8 -0.4 |3.7 1.0
\WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-PO-ON21-01(054) [2000(Primary
Design/JMF 96 74 45 30 14 5.30 5.30 14.8 6.6
JMF Limits 90-100 67-81 38-52 25-35 9-19 3-7

95 -1 (71 -3 |47 2 (33 3 (17 3 [5.40 |0.10|5.55 0.25 (12.4 -2.4 3.7 -2.9

91 -5 |59 -15 (34 -11 (24 -6 (13 -1 [4.30 |-1.00/5.41 0.11 11.9 -2.9 13.3 -3.3

95 -1 |75 1 |50 5 [34 4 |16 2 [5.20 |-0.10/5.70 0.40 (12.4 -2.4 13.5 -3.1

100 5 |80 9 |52 5 [36 3 |18 1 |5.80 [0.40(5.83 0.28 [12.6 0.2 |3.9 0.2
\WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-PO-ON27-02(011) [2000(Primary
Design/JMF 94 72 50 37 20 4.4 5.50 14.7 4.6
LMF Limits 90-100 65-79 43-57 32-42 15-25 2.4-6.4




3/4" diff.|1/2" diff. [#4 diff. [#8 diff. [#30 diff.[#200 |[diff. |Asphalt (diff. diff. diff |Project Road
Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
93 -1 (77 5 (54 4 |38 1 |22 2 16.00 |1.60 [5.72 0.22 |12.2 -2.5 2.3 -2.3
95 1 |72 0 |46 -4 32 -5 |19 -1 [3.70 |-0.70[5.20 -0.30/12.9 -1.8 |2.2 -2.4
90 -4 |67 -5 46 -4 |33 -4 |19 -1 |3.70 [-0.70[5.50 0.00 |13.2 -1.5 2.2 -2.4
91 -2 |70 -7 145 -9 |32 -6 |18 -4 |3.50 [-2.50[5.20 -0.52|12.7 0.5 |25 0.2
94 0 |74 2 |48 -2 |34 -3 |21 1 |3.70 [-0.70/5.70 0.20 |12.5 -2.2 1.9 -2.7
93 -1 |73 1 49 -1 |34 -3 |18 -2 14.10 |-0.30[5.50 0.00 |12.3 -2.4 1.8 -2.8
WB 100 85-100 35-70 20-50 5-30 2-7 CMP-PO-ON36-02(026) [2000|Primary
Design/JMF 100 95 49 33 18 5.8 5.50 15.1 4.5
JMF Limits 100 86-100 42-56 28-38 13-23 3-7
100 0 |97 2 |54 5 |37 4 |19 1 |5.90 |0.10/5.57 0.07 |14.4 -0.7 |3.8 -0.7
WB 100 85-100 35-70 20-50 5-30 2-7 13.0 min CMP-PO-ON36-02(026) [2000|Primary
Design/IJMF 100 95 49 33 18 5.80 5.50 15.1 4.5
IUMF Limits 100 86-100 42-56 28-38 13-23 3.0-7.0 5.25-5.75 13.6-16.6 2.5-45
100 o (97 2 |47 -2 [30 -3 |16 -2 [4.70 |-1.10[5.30 -0.20/14.0 -1.1 4.3 -0.2
100 o (97 2 |54 5 |35 2 |17 -1 |5.00 |-0.80/5.90 0.40 |14.8 .0.3 4.7 0.2
100 o |97 2 |48 1 |32 .1 |16 -2 |4.80 |-1.00/5.80 0.30 |15.0 0.1 4.1 -0.4
100 0o [96 1 |47 2 31 -2 |16 .2 [4.50 |.1.30/5.40 -0.10[14.4 0.7 4.4 -0.1
WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-PO-0OP17-01(022) [2000|Primary
Design/JMF 97 75 39 27 17 4.2 5.50 15.1 3.3
JMF Limits 90-100 68-82 32-46 22-32 12-22 2.2-6.2
98 1 |67 -8 |33 -6 |25 -2 |17 0 |4.40 [0.20 |4.87 -0.63|15.0 -0.1 4.8 1.5
WB 90-100 55-95 30-65 20-50 5-30 2-7 CMP-PO-W374-00(008) [2000|Federal
Design/JMF 99 77 43 29 18 4.50 5.50 14 3.9
JMF Limits 90-100 70-84 36-50 24-34 13-23 2.5-6.5
97 -2 |75 -2 |45 2 |31 2 21 3 |5.70 [1.205.68 0.18 |13.8 -0.2 2.9 -1.0
WB 100 85-100 35-70 20-55 5-35 2-7 CMP-PO-W374-00(008) [2000|Federal
Design/JMF 100 93 41 28 18 5.00 5.50 14.3 4.2
JMF Limits 100 86-100 34-48 23-33 13-23 3-7
100 0 |95 2 139 -2 |28 0 |19 1 |5.80 0.80|5.55 0.05|13.5 -0.8 |3.8 -0.4
WB 90-100 55-95 30-65 20-50 5-30 2-7 CMPS-P0O-1906-00(019)[2000|Secondary
Design/IMF 98 75 45 31 18 5.10 5.00 12.9 3.7
JMF Limits 90-100 68-82 38-52 26-36 13-23 3-7
99 1 |76 1 43 -2 |29 -2 |18 0 16.30 [1.20|4.94 -0.06|13.7 0.8 |45 0.8
\WB 100 85-100 35-70 20-55 5-35 2-7 CMS-0302(60) 2000(Secondary




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
Design/JMF 100 95 51 34 17 6.3 6.00 15.2 4.8
JMF Limits 100 86-100 44-58 29-39 12-22 3-7
100 0 [91 -4 |54 3 [38 4 |21 4 [7.90 |1.606.15 0.15 [12.6 -2.6 |2.2 -2.6
\WB 90-100 55-95 30-65 20-50 5-30 2-7 FLH-6-54 2000|County Rd.
Design/JMF 95 76 48 37 19 3.50 5.00 14 3.8
JMF Limits 90-100 69-83 41-55 32-42 14-24 2.0-6.0
97 2 |79 3 |48 0 |[37 0 [21 2 440 ]0.90[5.12 0.12 (12.5 -1.5 [3.4 -0.4
\WB 100 90-100 25-58 2-7 IM-25-1(137)31 2000|Interstate
Design/JMF 100 94 46 32 16 5.7 5.30 14.4 4.0
JMF Limits 95-100 90-100 41-51 28-36 13-19 3-7
100 0 (92 -2 |50 4 |35 3 |19 3 [6.60 ]0.90|5.33 0.03 (12.8 -1.6 |1.6 -2.4
5.23 -0.07(14.1 -0.3 |2.5 -1.5
5.30 0.00 (15.1 0.7 |4.4 0.4
100 0 (88 -6 |42 -4 29 -3 |16 0 |[5.80 (0.10(5.21 -0.09(13.6 -0.8 |2.3 -1.7
100 0 (92 -2 |46 0 (30 -2 (15 -1 [5.30 |-0.40|5.49 0.19 (14.5 0.1 |35 -0.5
100 0 (92 -2 |45 -1 (31 -1 (17 1 |6.30 |[0.6015.03 -0.27(13.4 -1.0 |2.6 -1.4
100 0 [95 1 54 8 [39 7 |20 4 16.90 |1.20 (5.64 0.34 (13.6 -0.8 |2.3 -1.7
5.52 0.22 (14.4 0.0 |3.1 -0.9
5.41 0.11 (14.3 -0.1 |3.2 -0.8
\WB 100 90-100 28-58 2-7 14.0-16.0 IM-25-1(137)31 2000|Interstate
Design/IJMF 100 94 46 32 16 5.70 5.30 14.4 4.0
IMF Limits 100 90-100 41-51 28-36 13-19 3.0-7.0 5.05-5.55] 12.9-15.9 3.0-5.0
5.52 0.22 |14.4 0.0 3.1 -0.9
5.41 0.11 |14.3 0.1 3.2 0.8
5.45 0.15 (14.1 0.3 [3.4 -0.6
5.35 0.05 [13.9 -0.5 [3.0 -1.0
5.23 -0.07|14.1 -0.3 25 |15
5.30 0.00 |15.1 0.7 |44 0.4
\WB 90-100 90 Max 23-49 2-7 IM-80-3(129)143 & 2000|Interstate
Design/JMF {100 82 42 27 14 3.50 5.00 14.2 4.2 CMP SR-80-3(125)173 w/ RAP
IMF Limits 4.75-5.25) 12.7-15.7 3.0-5.0
100 o (83 1 39 -3 (24 -3 |13 -1 [3.60 |0.10 4.49 -0.51/15.3 1.1 6.1 1.9
100 o |78 -4 |39 -3 |26 -1 |14 0o 14.80 |1.30(4.48 .0.52|13.7 .05 4.3 0.1
100 o |78 -4 |40 -2 |26 -1 |14 o 1[4.60 |1.101(4.97 -0.03|13.9 -0.3 |4.0 0.2




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification

100 o |83 1 |51 9 |35 g |18 4 [5.90 |2.401(5.43 0.43 |12.5 1.7 |1.6 2.6

100 o |79 -3 |39 -3 |26 -1 |15 1 [4.90 1|1.40/4.82 .0.18|13.2 1.0 3.2 1.0

100 0 |86 4 |47 5 |31 4 |16 2 |[5.20 |(1.7015.23 0.23 [13.7 .05 [3.2 -1.0

100 0 |85 3 |46 4 (30 3 |17 3 |[6.00 [2.501(4.95 -0.05/13.0 1.2 (3.1 1.1

100 0 |82 o |37 5 24 .3 |13 -1 |4.10 |0.60(4.91 -0.09(14.7 0.5 [5.0 0.8

100 0 (82 o |44 2 |29 2 |16 2 |5.00 |1.50(5.12 0.12 |112.9 1.3 (2.2 2.0

100 o (84 2 |44 2 |29 2 |16 2 14.70 |1.20/4.96 -0.04|12.2 2.0 2.0 2.2

100 0 (83 1 |41 -1 |27 o |14 o (460 |1.10/5.14 0.14 |14.1 0.1 4.1 0.1

100 0 |85 3 |41 -1 |26 -1 |14 0o (490 |1.4014.75 .0.2514.1 .0.1 4.3 0.1

100 0 |83 1 143 1 |28 1 |15 1 |5.00 |1.50 (4.88 -0.12/13.7 .05 [3.6 -0.6

100 0 |85 3 |45 3 |30 3 |16 2 |[5.10 |1.6015.13 0.13 [13.7 .05 [3.4 -0.8

100 o |80 -2 |39 -3 |26 -1 |14 o 1[4.60 |1.101/4.98 -0.02|13.8 0.4 3.6 -0.6

100 0 |86 4 |48 6 |32 5 |17 3 |5.10 |1.601/4.98 -0.02|13.5 -0.7 |3.5 0.7

100 o (84 2 |45 3 |29 2 |15 1 [4.00 |0.501(5.04 0.04 |13.6 0.6 3.2 1.0

100 0 |83 1 |46 4 [31 4 |17 3 |4.30 |0.801(5.17 0.17 |13.0 1.2 |25 1.7

100 0o |83 1 |45 3 |31 4 |17 3 (490 |(1.401(5.04 0.04 (13.3 .09 (3.1 1.1

100 o |84 2 |46 4 [31 4 |17 3 |[5.20 |(1.701(5.40 0.40 (12.9 1.3 (2.2 2.0

100 0 |85 3 |47 5 |31 4 |17 3 14.90 |1.401(5.02 0.02 |13.4 -.0.8 3.2 1.0

100 o |78 -4 |36 -6 |24 -3 |14 o 1[4.80 |1.30(4.81 -0.19|14.6 0.4 (4.8 0.6

100 o |80 2 |41 -1 |27 o |15 1 [4.90 1|1.4014.91 -0.09|13.6 -0.6 [3.5 0.7

100 o |77 5 |37 .5 |25 2 |14 o |(4.30 |0.804.91 -0.09/13.3 .09 [3.5 0.7

100 0o |83 1 142 0 |28 1 |15 1 1450 |1.00(5.30 0.30 (14.0 0.2 4.2 0.0

100 0 |86 4 |46 4 (30 3 |16 2 |[5.10 |1.601(5.29 0.29 (13.4 -0.8 [2.9 1.3

100 0 (82 o |42 o |30 3 |17 3 14.80 |1.30(5.05 0.05 |14.4 0.2 4.2 0.0

100 0o (81 1 |41 -1 |27 o |14 0o 14.20 |0.70(5.04 0.04 |14.3 0.1 |4.2 0.0

100 o (84 2 |43 1 |28 1 (15 1 470 |(1.20/5.00 0.00 |13.3 0.9 |3.1 1.1
\WB 90-100 90 Max 23-49 2-7 13-15 IM-80-3(129)143 & 2000|Interstate
Design/JMF 100 82 42 27 14 3.50 5.00 14.2 4.2 CMP SR-80-3(125)173 w/ RAP
IMF Limits 4.75-5.25| 12.7-15.7 3.0-5.0

100 o |78 -4 |39 -3 |24 -3 |11 -3 |2.50 |-1.00/4.49 -0.51/14.1 -0.1 4.3 0.1

100 o |80 -2 |39 -3 |25 -2 |12 -2 |3.00 |-0.50/4.48 -0.52/13.7 -0.5 3.6 -0.6

100 o |79 -3 |37 -5 |24 -3 |11 -3 |2.40 |-1.10/4.97 -0.03/|13.7 -0.5 3.4 -0.8

100 o |80 -2 |39 -3 |24 -3 |11 -3 [2.60 |-0.90/5.43 0.43/13.8 0.4 3.6 -0.6

100 o |79 -3 |36 -6 |24 -3 |11 -3 [2.20 |-1.30/4.82 .0.18|13.5 0.7 3.4 0.8

100 0 |75 -7 132 -10 |19 -8 (9 .5 [2.10 |-1.40/5.23 0.23|13.6 0.6 3.2 1.0




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification

100 o |80 .2 |40 2 |26 1 |12 .2 270 |-0.80/4.95 -0.05

100 o |78 -4 |36 -6 |22 -5 |10 -4 [|1.90 |-1.60/4.91 -0.09

100 o |78 -4 |37 5 24 3 |11 -3 [2.30 [-1.20/5.12 0.12

100 o |81 -1 139 -3 |25 2 |11 -3 [2.10 |-1.40/4.96 -0.04

100 0 |85 3 |41 -1 |26 -1 |14 o (490 |1.40(4.80 .0.2014.1 .0.1 4.3 0.1

100 0 (83 1 |43 1 (28 1 |15 1 [5.00 |1.5014.90 -0.10|13.7 .05 3.6 -0.6

100 0 |85 3 |45 3 |30 3 |16 2 |5.10 |1.601/5.10 0.10 |13.7 .05 (3.4 0.8

100 o |80 -2 |39 -3 |26 -1 |14 o 1[4.60 |1.10/5.00 0.00 |13.8 0.4 3.6 -0.6

100 0 |86 4 |48 6 |32 5 |17 3 |[5.10 |1.601(5.00 0.00 [13.5 0.7 [3.4 -0.8

100 o |84 2 |45 3 29 2 |15 1 14.00 |o.50 (5.00 0.00 [13.6 0.6 [3.2 -1.0

100 0 |83 1 |46 4 [31 4 |17 3 |[4.30 |[0.8015.20 0.20 (13.0 1.2 |25 1.7

100 0 (83 1 |45 3 |31 4 |17 3 14.90 |1.401(5.00 0.00 |13.3 .09 3.1 1.1

100 o (84 2 |46 4 |31 4 |17 3 |5.20 |1.701(5.40 0.40 |12.9 1.3 (2.2 2.0

100 0 |85 3 |47 5 |31 4 |17 3 14.90 |1.40(5.00 0.00 |13.4 -.0.8 3.2 1.0

100 o |78 -4 |36 6 |24 .3 |14 o (480 [1.30(4.81 -0.19|14.6 0.4 4.8 0.6

100 o |80 2 |41 -1 27 o |15 1 14.90 |1.404.91 -0.09|13.6 0.6 [3.5 0.7

100 o |77 5 |37 .5 |25 2 |14 o |(4.30 |0.804.91 -0.09/13.3 .09 [3.5 0.7

100 0 (83 1 |42 0 |28 1 |15 1 [4.50 1|1.0015.30 0.30 |14.0 0.2 4.2 0.0

100 0 |86 4 |46 4 |30 3 |16 2 |5.10 |1.601/5.29 0.29 |13.4 -0.8 2.9 1.3

100 0 (82 o |42 o |30 3 |17 3 14.80 |1.30(5.05 0.05 |14.4 0.2 4.2 0.0

100 o |81 1 |41 -1 27 o |14 o |(4.20 |[0.701(5.04 0.04 (14.3 0.1 4.2 0.0

100 o |84 2 |43 1 |28 1 |15 1 14.70 |1.20 (5.00 0.00 (13.3 .09 [3.1 1.1

100 0 |85 3 |44 2 |28 1 |15 1 1470 |1.205.30 0.30 [13.7 .05 [3.2 -1.0

100 0 |85 3 |44 2 |29 2 |16 2 15.20 [|1.70/5.71 0.71|13.2 1.0 2.3 1.9

100 0o (81 1 |42 o |29 2 |16 2 |5.40 |1.90(4.94 -0.06|12.6 1.6 2.1 2.1

100 o |80 2 41 -1 |27 o |15 1 450 1|1.0015.10 0.10 |14.1 -0.1 [3.0 1.2

100 o |80 2 |40 2 27 o |15 1 14.90 |1.40 (4.80 .0.2014.1 .0.1 |4.5 0.3

100 o |81 1 |42 0 |28 1 |15 1 14.80 [|1.30/5.10 0.10 (13.3 .09 (3.1 1.1

100 o |78 -4 [39 .3 |26 -1 |13 .1 [4.20 |0.70 |4.95 -0.05|14.6 04 |45 0.3
\WB 90-100 90 Max 23-49 2-7 13-15 IM-80-3(129)143 & 2000|Interstate
Design/JMF {100 82 42 27 14 3.50 5.00 14.2 4.2 CMP SR-80-3(125)173 w/ RAP
LIMF Limits 4.75-5.25] 12.7-15.7 3.0-5.0

100 o (83 40 -2 [25 -2 |13 -1 [4.10 |0.60 [4.97 -0.03|14.8 0.6 |4.9 0.7

100 o (83 42 o (27 o (14 o [4.50 |1.005.05 0.05 |13.3 -0.9 |3.2 -1.0

100 o (84 45 3 [29 2 |16 2 [5.10 |1.605.12 0.12 |13.8 -0.4 |3.0 1.2




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
\WB 100 90-100 28-58 2-7 14.0-16.0 IM-90-3(87)118 2000|Interstate
Design/IJMF 100 96 51 31 10 4.30 4.80 14.4 4.4
LIMF Limits 100 90-100 46-56 28-36 7-13 3.0-7.0 4.55-5.05] 12.9-15.9 3.0-5.0

100 o |97 1 |60 9 |32 1 |13 3 |8.50 |(4.204.70 .0.10[12.2 2.2 (3.0 1.4

100 o |97 1 |58 7 |35 4 (14 4 18.40 |4.101/4.70 -0.10[13.3 1.1 4.2 0.2

100 o |97 1 |60 9 |36 5 |14 4 18.30 |4.001/4.70 -0.10[11.8 26 2.4 2.0

100 o |97 1 |59 s |34 3 |14 4 |8.70 |4.40 |4.80 0.00 |12.6 1.8 3.6 -0.8

100 0 (98 2 |60 9 |35 4 |15 5 19.20 |4.90 |4.80 0.00 |12.2 2224 2.0

100 0 |95 -1 |48 -3 |27 -4 |12 2 |7.30 |3.00/4.70 -0.10/12.8 1.6 3.2 1.2

100 o |97 1 |51 o |30 -1 |13 3 |8.70 |4.40(4.70 .0.10[12.2 22 12.3 2.1

100 o (96 o [50 -1 |28 .3 |12 2 18.30 |4.004.70 -0.10/12.7 -1.7 |12.9 1.5
\WB 90-100 93 MAX 23-49 2-7 IM-90-3(87)118 2000|Interstate
Design/JMF 99 89 48 27 9 3.30 4.60 13.5 4.1
JMF Limits 90-100 83-93 43-53 23-31 7-13 3-7

99 0 |90 1 |51 3 |29 2 |12 3 [7.80 [4.50/4.78 0.18 (12.4 -1.1 {3.0 -1.1
\WB 90-100 90 Max 23-49 2-7 13.0-15.0 IM-90-3(87)118 2000|Interstate
Design/JMF 99 84 57 35 11 3.60 4.80 13.5 4.1
LIMF Limits 90-100 79-89 52-62 31-39 8-14 3-7 4.35-4.85] 12.0-15.0 3.0-5.0

100 1 |86 2 |55 -2 |31 -4 |13 8.40 |4.80 |4.80 0.00 |11.5 20 |1.6 25

99 o (87 3 (56 1 (31 -4 |12 6.80 |3.20|4.80 0.00 |11.6 .19 |1.4 2.7
'\WB 90-100 93 Max 23-49 2-7 13.0-15.0 IM-90-3(87)118 2000|Interstate
Design/JMF |99 89 48 27 9 3.30 4.60 13.5 4.1
IJMF Limits 90-100 83-93 43-53 23-31 7-13 3-7 4.35-4.85| 12.0-15.0 3.0-5.0

99 o |87 -2 |46 -2 |28 1 |12 3 |7.20 |3.90 |4.50 -0.10|11.5 2.0 (0.8 3.3

99 o |89 o |47 -1 |28 1 |12 3 |[7.40 |(4.104.70 0.10 (12.2 1.3 2.7 1.4

100 1 |88 -1 |50 2 |30 3 |13 4 [7.60 |4.30/4.80 0.20 [11.7 -1.8 [1.9 2.2

100 1 189 0o |48 0o [29 2 |12 3 [7.50 |4.204.70 0.10 (11.3 22 (1.7 2.4

99 0 |85 -4 |42 -6 |26 -1 |12 3 |7.20 |3.90 |4.50 -0.10|11.5 20 (2.3 1.8

99 o |87 2 |44 -4 |25 -2 |11 2 16.50 |3.201/4.70 0.10|12.8 0.7 3.3 0.8

98 -1 |89 o 43 -5 |24 -3 |11 2 |7.10 |3.80 |4.50 -0.10/12.4 1.1 3.1 1.0

99 o |87 2 |42 6 |24 -3 |10 1 16.70 |3.40 |4.50 -0.10[13.2 -.0.3 |4.0 0.1

99 o |89 o |47 -1 27 o |12 3 [7.20 |(3.90 |4.50 .0.10[12.2 1.3 2.5 1.6

98 -1 |87 2 |44 .4 |26 1 |12 3 |[7.30 |4.00 |4.50 .0.10[12.1 1.4 (2.4 1.7

98 -1 |88 -1 |44 -4 |26 -1 |11 2 |7.00 |3.70/4.50 -0.10|12.2 1.3 (3.0 1.1




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification

99 o |91 2 |45 .3 |26 1 |12 3 |[7.40 |(4.1014.70 0.10 (12.7 .0.8 [3.3 0.8

98 -1 |90 1 |48 o |27 o |11 2 16.50 |3.201/4.70 0.10 |12.4 1.1 2.6 1.5

97 2 |85 -4 |43 5 24 -3 |10 1 |5.50 |2.20(4.90 0.30 [13.0 -0.5 [3.0 1.1

99 0 (92 3 |47 -1 |27 o |11 2 16.80 (3.504.70 0.10|12.9 -0.6 [3.0 -1.1

99 o |89 0o |45 -3 |25 -2 |11 2 16.90 (3.60 |4.50 -0.10/12.6 -0.9 [3.4 -0.7

99 o [86 3 |44 -4 |25 2 (11 2 [6.70 |3.40 [4.50 -0.10/12.6 0.9 |3.4 0.7
\WB 90-100 93 Max 23-49 2-7 13.0-15.0 IM-90-3(87)118 2000|Interstate
Design/JMF 99 89 a7 27 9 3.00 4.60 13.3 3.9
JMF Limits 90-100 83-93 42-52 23-31 6-12 2.0-6.0 4.35-4.85| 11.8-14.8 3.0-5.0

99 0 (93 4 |48 1 |27 o |11 2 16.50 |3.50(4.50 -0.10/13.4 0.1 |4.0 0.1

99 0 (92 3 |51 4 |28 1 (11 2 16.40 |3.401/4.70 0.10 |12.4 -0.9 2.8 1.1

100 1 192 3 |49 2 |26 -1 |11 2 6.30 |(3.30(4.70 0.10 (12.8 -0.5 [3.0 -0.9

99 0 |88 -1 |46 -1 |26 -1 |10 1 16.20 |3.204.70 0.10 (12.7 -0.6 [3.0 -0.9

99 0 |86 .3 |48 1 |27 o |11 2 6.30 |(3.30(4.70 0.10 (12.3 -1.0 [2.6 1.3

99 o |87 -2 |46 -1 |26 -1 |11 2 16.70 |3.701/4.70 0.10 |12.4 0.9 2.7 1.2

99 0 (88 1 |47 o |27 o |11 2 16.60 |3.60(4.70 0.10 |12.3 1.0 |2.6 1.3

100 1 (90 1 |47 o |27 o |11 2 16.30 |3.30/4.60 0.00 |12.4 -0.9 2.8 1.1

99 o |90 1 148 1 |28 1 |11 2 [6.70 |(3.70(4.90 0.30 |12.2 1.1 (2.2 1.7

100 1 |88 -1 |47 0 |28 1 |12 3 [6.90 |(3.901(5.00 0.40 (12.5 .0.8 [2.3 1.6

98 -1 |91 2 |45 2 |24 -3 |10 1 1|5.80 |2.804.70 0.10 (12.7 -0.6 [3.0 -0.9

97 -2 |89 o |48 1 (28 1 |12 3 16.90 |3.90/4.80 0.20 |12.2 1.1 2.5 1.4

99 o (89 0 |46 -1 |27 o |11 2 16.80 |3.80(4.90 0.30|12.1 1.2 2.0 1.9

97 -2 |87 2 148 1 (28 1 |12 3 16.80 |3.801/4.70 0.10 |12.5 -0.8 [3.0 -0.9

99 o [89 o 43 -4 25 2 |10 1 |[5.90 [2.90/4.60 0.00 |12.6 -0.7 |12.8 1.1
\WB 90-100 90 Max 23-49 2-7 13.0-15.0 IM-1080-6(139) 2000|Interstate
Design/JMF 100 84 44 29 15 5.00 4.50 13.5 4.0
LIMF Limits 90-100 79-89 39-49 25-33 12-18 3.0-7.0 4.25-4.75] 12.0-15.0 3.0-5.0

100 o |84 o |50 6 |33 4 |17 2 [7.00 [2.00 |4.27 .0.23/13.4 -0.1 |4.0 0.0

100 0 |88 4 |49 5 |32 3 |17 2 [7.00 [2.00 |4.50 0.00 (14.0 0.5 4.8 0.8

100 o |84 o |45 1 129 o |15 0 [6.20 |(1.201(4.28 .0.22/13.4 .0.1 [5.3 1.3

100 0 (83 -1 |40 -4 |26 -3 |15 o 16.30 |1.30/3.85 -0.65|13.8 0.3 5.4 1.4

100 o |77 -7 42 -2 |30 1 (18 3 16.80 |1.801(4.37 .0.13|13.6 0.1 4.9 0.9

100 o (82 2 |44 o [30 17 2 1650 |1504.72 0.22 |13.2 0.3 |3.4 -0.6
WB 90-100 90 Max 23-49 2-7 IM-1080-6(139) 2000|Interstate
Design/JMF 100 84 44 29 15 5.00 4.70 13.3 3.2




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
IMF Limits 90-100 79-89 39-49 25-33 12-18 3.0-7.0 4.45-4.95 11.8-14.8 3.0-5.0

100 o |77 -7 140 -4 |29 o |17 2 18.30 |3.301/4.87 0.17 |11.5 -1.8 2.0 1.2

100 0 (82 2 143 -1 |30 1 (17 2 |7.10 |2.10/4.84 0.14 |13.1 0.2 3.4 0.2

100 0 |86 2 |51 7 |34 5 |18 3 |[7.30 [2.301(5.00 0.30 |12.6 0.7 [1.3 1.9

100 o |84 o |47 3 |32 3 |17 2 |6.60 |1.60(4.57 -0.13(13.1 .0.2 [3.2 0.0

100 0o |83 -1 139 .5 |26 -3 |15 o |[5.30 [0.3014.30 -0.40(13.6 0.3 4.9 1.7

100 o (89 5 |51 7 |35 6 |18 3 16.90 |1.90(5.09 0.39 |13.1 0.2 1.7 1.5

100 0 (83 -1 |48 4 |32 3 |17 2 16.80 |1.80(4.87 0.17 |112.7 -0.6 [2.0 1.2

100 o |87 3 |47 3 |29 o |15 0 |5.60 |0.60(4.94 0.24|13.8 0.5 (3.6 0.4

100 o |84 o |51 7 |34 5 |18 3 |[7.40 [2.4015.16 0.46 |12.6 0.7 [2.1 1.1

100 o |81 -3 |38 6 |25 .4 |13 -2 16.30 |(1.30(4.50 -0.20[13.7 0.4 [5.1 1.9

100 o |84 o |45 1 129 o |15 o |[6.70 |(1.7014.79 0.09 (12.9 .0.4 [3.5 0.3

100 o |87 3 |52 s |33 4 |18 3 |7.30 |2.301(5.09 0.39 |13.4 0.1 2.7 0.5

100 0 (82 2 |41 -3 |27 -2 |14 -1 (5.90 |0.90 |4.39 .0.31|13.2 0.1 4.4 1.2

100 0 (82 2 |48 4 |32 3 |16 1 1[6.70 |1.7014.73 0.03|13.0 0.3 3.7 0.5

100 o (81 -3 |46 2 |30 1 |15 0 [6.30 |[1.30[4.58 -0.12/13.0 -0.3 3.7 0.5

100 0 |85 1 |46 2 |29 o |14 -1 |6.40 |[1.40 |4.47 -0.23|13.4 0.1 4.9 1.7

99 1 |79 5 [39 5 [25 .4 |13 .2 [5.70 |0.70 |4.15 -0.55|13.5 0.2 |5.0 1.8
\WB 100 85-100 35-70 20-55 5-35 2-7 13.0 min IM-1090-3(89)145 2000|Interstate
Design/JMF 100 93 43 25 10 3.70 5.00 13.8 4.0
IMF Limits 100 86-100 36-50 20-30 5-15 3.0-7.0 4.75-5.25| 12.3-15.3 2.5-45

100 0 (92 -1 |46 3 |26 1 (11 1 |[7.40 |3.7014.80 -0.20|15.3 15 |6.4 2.4

100 o (91 2 |47 4 |27 2 |12 2 |7.90 |4.201/4.70 -0.30|13.7 -0.1 4.9 0.9

100 0 (92 -1 |44 1 |25 o |11 1 [7.00 1|3.3014.70 -0.30|14.4 0.6 6.1 2.1

100 0 |93 o [52 9 |29 4 (12 2 |[7.80 |(4.1015.20 0.20 (13.2 0.6 [3.4 -0.6

100 0 |92 -1 |54 11 |30 5 |13 3 |[8.60 |(4.9015.10 0.10 |12.4 1.4 2.5 1.5

100 o |89 -4 |46 3 27 2 |11 1 |7.10 |3.40 [5.00 0.00 |12.6 1.2 (2.8 1.2

100 o [88 5 [43 o [25 o |12 2 [7.00 |3.304.70 -0.30|13.7 -0.1 |45 0.5
WB 90-100 55-95 35-65 20-50 5-30 2-7 12.0 min IM-1090-3(89)145 2000|Interstate
Design/JMF 99 83 51 29 10 4.20 4.60 12.2 4.1
IMF Limits 92-100 76-90 44-58 24-34 5-15 3-7 4.35-4.85| 10.7-13.7 2.5-45

98 -1 |80 -3 |51 0 |28 -1 |10 0 1[5.80 |1.60/4.50 -0.10|11.5 -0.7 [3.0 1.1

98 1 |84 1 |55 4 |32 3 |12 2 |7.10 |2.90 |4.80 0.20 |11.5 0.7 2.4 1.7

99 0 |85 2 |54 3 |31 2 |13 3 |8.30 |(4.1014.30 -0.30[10.5 1.7 2.3 -1.8

100 1 |90 7 |60 9 |34 5 |14 4 [10.00 |5.80 |4.40 -0.20[10.5 1.7 2.3 -1.8




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
100 1 |87 4 |54 3 |31 2 |13 3 |8.50 |(4.30(4.40 -0.20[10.8 1.4 2.4 1.7
99 o |87 4 |52 1 (29 o |12 2 |7.60 |3.40/4.30 -0.30|10.7 15 3.1 1.0
99 o |91 8 |64 13 |38 9 |16 6 |(11.00 |6.80 |4.10 -0.50[10.4 1.8 [2.4 1.7
100 1 |85 2 |49 .2 |28 1 |12 2 |[7.80 |(3.60 (4.10 -0.50[10.8 -1.4 (3.6 -0.5
100 1 |86 3 51 o |30 1 |13 3 |[8.10 |(3.90 |4.20 -0.40[10.7 .15 (2.9 1.2
100 1 (83 0 |46 -5 |27 -2 |11 1 [7.20 |3.00 |4.00 -0.60/10.9 1.3 3.7 0.4
99 0 (83 0o |53 2 |30 1 |12 2 |7.40 |3.20 |4.40 -0.20/10.8 1.4 (2.8 1.3
99 o |79 -4 |45 -6 |28 -1 |12 2 |7.60 |3.40|5.00 0.40 |11.7 .05 2.6 1.5
98 -1 |92 9 |39 -12 |25 -4 |14 4 [10.00 |5.80 |4.30 -0.30[11.3 .09 [3.6 -0.5
100 1 |80 .3 |46 .5 |28 -1 |14 4 [11.00 |6.80 |4.60 0.00 [11.7 .05 [3.6 -0.5
100 1 189 6 |55 4 [31 2 |12 2 [7.90 |(3.70(4.90 0.30 |11.6 -0.6 |2.6 1.5
100 1 (84 1 |49 2 |27 -2 |11 1 [7.00 |2.80 |4.00 -0.60|11.2 1.0 4.1 0.0
100 1 (81 -2 |46 -5 |26 -3 |11 1 (7.30 |3.10(4.40 -0.20|11.0 1.2 (3.4 0.7
100 1 (89 6 |55 4 |31 2 |13 3 18.60 |4.40/4.90 0.30 |11.5 0.7 2.7 1.4
100 1 |84 1 |47 .4 |26 3 |11 1 |7.30 |3.10 |4.60 0.00 [11.3 -0.9 [3.0 1.1
97 2 |77 6 |45 6 |25 -4 |11 1 16.70 |2.50 |4.40 .0.2011.4 .0.8 [3.5 -0.6
100 1 |79 -4 |43 .8 |25 -4 |10 0 |[6.60 [2.40 |4.40 -0.20[12.0 .02 4.1 0.0
100 1 (83 o |49 -2 |28 -1 |12 2 |7.50 |3.30/4.60 0.00 |11.4 .0.8 2.7 1.4
99 0 |86 3 |46 -5 |27 2 |12 2 |7.70 |3.50|4.40 -0.20/10.8 1.4 (2.5 1.6
99 o |87 4 |53 2 |31 2 |12 2 |7.90 |3.70/4.50 -0.10/11.3 -0.9 2.6 1.5
99 0 |88 5 |54 3 |31 2 |12 2 |[7.30 |(3.10(4.50 -0.10[12.0 .0.2 [3.6 -0.5
99 o |87 4 |53 2 |30 1 |12 2 [7.80 |(3.60 |4.90 0.30 [11.9 .0.3 [2.5 1.6
98 -1 |86 3 |52 1 |30 1 |13 3 |8.50 |(4.30(4.60 0.00 [11.6 -0.6 |2.8 1.3
97 -2 (82 -1 |44 -7 |27 2 |12 2 |7.90 |3.701/4.90 0.30 |11.3 -0.9 2.6 1.5
99 o [85 2 |48 3 [28 -1 (11 1 |[6.90 [2.70/4.60 0.00 |13.1 0.9 |45 0.4
'\WB 90-100 55-95 30-65 20-50 5-30 2-7 IM-1090-3(89) 2000|Interstate
Design/IMF 99 83 51 29 10 4.20 4.60 12.2 4.1
IJMF Limits 92-100 76-90 44-58 24-34 5-15 3-7
100 1 182 -1 |47 -4 |29 0 |14 4 [8.90 |4.70|4.45 -0.15(11.1 -1.1 (3.5 -0.6
98 -1 |82 -1 |50 -1 |29 0 |12 2 |[7.40 (3.20 4.78 0.18 [11.9 -0.3 [3.0 -1.1
'\WB 12.0 min IM-1090-3(89)145 2000|Interstate
Design/IJMF 99 83 47 27 10 5.20 4.80 13.1 4.0
JMF Limits 90-100 76-90 41-55 23-33 5-15 3.0-7.0 4.55-5.05| 11.6-14.6 2.5-4.5
96 -3 |84 1 |50 3 |28 1 |12 2 [7.50 [2.30(4.60 .0.20[12.2 .09 (3.3 0.7
98 -1 |84 1 149 2 |28 1 |11 1 |7.10 |1.90 |4.90 0.10 (11.8 1.3 2.5 1.5




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
99 0o (82 -1 |51 4 31 13 8.70 |3.50 |4.70 -0.10/12.2 -0.9 2.9 -1.1
97 -2 (80 -3 |48 1 |28 11 7.20 |2.00 |4.80 0.00 |12.2 -0.9 |2.7 -1.3
99 o (84 1 b1 4 |29 12 7.90 |2.70 |4.50 -0.30/12.5 -0.6 |3.9 -0.1
WB 100 85-100 35-70 20-55 5-35 2-7 13.0 min MG-ON-34-03(033) 2000|Interstate
Design/JMF 100 93 54 37 21 4.90 5.80 16.1 5.0
LIMF Limits 100 86-100 47-61 32-42 16-26 3.0-7.0 5.55-6.05 14.6-17.6 2.5-45
100 0 |96 3 |65 11 |45 8 |26 5 |[5.30 [0.401(5.94 0.14 (15.8 -.0.3 [5.4 0.4
100 0 |93 o |60 6 |41 4 (23 2 |[5.10 |[0.2015.78 -0.02/16.3 0.2 (5.3 0.3
100 o (94 1 61 7 143 6 |25 4 |5.10 |[0.20/5.74 -0.06|15.4 .0.7 |4.3 0.7
100 o (91 -2 |59 5 |40 3 |24 3 15.80 |0.90(5.55 .0.25|15.3 .0.8 4.9 0.1
100 o (91 -2 |54 o |37 0o |21 0 1[5.40 |0.50/(5.24 -0.56|15.2 -0.9 [5.0 0.0
100 0 |95 2 |66 12 148 11 |28 7 |4.80 |-0.10/6.90 1.10 |16.0 -0.1 [3.3 1.7
100 0 |92 -1 |58 4 |41 4 (23 2 |3.70 |-1.20/6.60 0.80 |16.8 0.7 |4.6 -0.4
100 o |94 1 |59 5 |41 4 (23 2 |3.80 [-1.10/6.60 0.80 |16.6 05 [5.4 0.4
100 0 (93 o |60 6 |41 4 |22 1 [4.40 |.0.50/6.20 0.40 |16.2 0.1 5.6 0.6
100 0 |96 3 |57 3 |38 1 (23 2 14.60 |-0.30/6.00 0.20 |16.0 .0.1 4.3 0.7
100 o (94 1 (58 4 |41 4 |24 3 14.90 |0.001/5.70 -0.10/14.9 1.2 |4.5 0.5
100 o (92 .1 |54 o |37 o |20 -1 |4.30 |.0.60/5-50 -0.30/15.2 -0.9 4.9 -0.1
\WB 100 85-100 35-70 20-55 5-35 2-7 MGS-0200-00(023) 2000|Secondary
Design/JMF 100 92 56 37 20 5.50 6.50 16 4.6
JMF Limits 100 85-98 49-63 32-42 15-25 3-7
100 0 |93 1 |54 -2 35 -2 |19 -1 6.60 [1.10(6.44 -0.06(14.0 -2.0 |2.9 1.0
\WB 100 85-100 35-70 20-55 5-35 2-7 MGS-0208-00(008) 2000|Secondary
Design/JMF 100 93 55 36 17 5.60 6.40 15.9 5
JMF Limits 100 86-100 48-62 31-41 12-22 3-7
100 0 |96 3 |57 2 |36 0 |16 -1 |5.40 |-0.20/6.78 0.38 [16.0 0.1 |5.4 0.4
\WB 100 85-100 35-70 20-50 5-30 2-7 MGS-2300(34) 2000|Secondary
Design/JMF 100 93 50 30 11 4.9 5.25 15.5 5.2
JMF Limits 100 86-100 43-57 25-35 6-16 3-7
100 0 [92 -1 |52 2  [31 1 |15 4 18.80 |3.90|5.35 0.10 (13.1 -2.4 3.1 -2.1
WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min NHI-010-04(032) 2000|Primary
Design/JMF 100 85 42 28 18 5.20 5.30 14.7 4.2
LIMF Limits 90-100 78-92 35-49 23-33 13-23 3.0-7.0 5.05-5.55 13.2-16.2 2.5-45
100 o (91 6 |48 6 |32 4 21 3 16.10 |0.90 (5.80 0.50 |13.1 1.6 (1.4 2.8




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification

100 o |92 7 |48 6 |32 4 (21 3 |[6.50 |[1.3015.90 0.60 [13.1 16 1.2 -3.0

100 0 |86 1 |40 2 |27 -1 |18 0 16.20 |1.00 |5.60 0.30 |13.5 1.2 |25 1.7

100 o |90 5 |46 4 (30 2 |20 2 |4.70 |-0.50/5.80 0.50 [13.9 -0.8 [2.8 1.4

100 o [87 2 |40 2 (28 o |18 o [5.50 |0.30[5.50 0.20 |13.6 -1.1 |12.9 1.3
\WB 90-100 55-95 30-65 20-50 5-30 2-7 13.0 min NHI-80-4(197)216 & 2000|Interstate
Design/JMF |95 74 42 29 15 6.40 5.25 12.7 4.4 BRI-80-4(206)220 w/ RAP
LIMF Limits 5.00-5.50 11.2-14.2

99 4 |87 13 |47 5 |30 1 |14 -1 |[5.60 |-0.80/5.64 0.39 [11.8 .09 (3.3 1.1

98 3 |87 13 |46 4 |28 -1 |13 -2 |5.90 |-0505.71 0.46 |13.0 0.3 [5.6 1.2

97 2 (84 10 [39 -3 |25 -4 |12 -3 |5.50 |-0.90/5.39 0.14 |11.3 1.4 (2.9 1.5

98 3 |67 -7 |30 -12 |21 -8 |11 -4 |5.30 |-1.10/4.80 .0.45|12.9 0.2 5.7 1.3

97 2 163 .11 |45 3 29 o |14 -1 |[6.50 |[0.1015.39 0.14 (10.1 26 (2.3 2.1

97 2 |78 4 |38 -4 |24 -5 |11 -4 1480 |-1.60/5.25 0.00 9.7 -3.0 2.4 -2.0

97 2 183 9 |42 0 |26 .3 |12 -3 |4.60 |-1.80/5.76 0.51 (9.2 3.5 (1.8 2.6

99 4 |86 12 |42 0 |[26 3 |12 .3 [4.20 |.2.205.31 0.06 |10.6 2.1 131 1.3
\WB 90-100 55-95 30-65 20-50 5-30 2-7 13.0 min NHI-80-4(197)216 & 2000|Interstate
Design/IJMF 94 72 40 27 14 6.00 5.25 13.3 4.9 BRI-80-4(206)220
IMF Limits 90-100 65-79 33-47 22-32 9-19 3.0-7.0 4.75-5.50] 11.8-14.8

99 5 |83 11 |44 4 |26 -1 |10 -4 14.40 |-1.60/5.24 -0.01/12.8 .05 6.1 1.2

98 4 |70 2 |34 -6 |22 -5 |10 -4 14.00 |-2.00/5.03 .0.22|12.4 -0.9 [5.5 0.6

96 2 |74 2 |34 -6 |21 -6 |10 -4 14.30 |-1.70/4.93 .0.32|12.6 .0.7 5.9 1.0

98 4 (80 g (37 3 [24 -3 (11 -3 [5.20 |-0.80/5.01 -0.24/12.0 -1.3 4.7 -0.2

100 6 |79 7 |38 2 |24 3 |11 -3 [4.90 [-1.10/5.39 0.14 |12.6 .0.7 |5.7 0.8

96 2 |78 6 |39 -1 |23 -4 |10 .4 |4.20 |-1.80/5.11 -0.14/12.6 .0.7 6.6 1.7

94 o |69 -3 |31 -9 |20 -7 19 -5 [4.10 |-1.90/4.57 -0.68|12.4 -0.9 6.9 2.0

97 3 |84 12 |44 4 |27 o |11 -3 14.10 |-1.90/5.79 0.54 |11.7 1.6 [4.0 -0.9

98 4 |79 7 137 -3 |23 -4 |10 -4 |1.40 |-4.60/5.47 0.2211.8 15 (3.8 1.1

97 3 |79 7 139 -1 |25 2 |11 -3 |[5.10 |-0.90/5.57 0.32 (10.4 .29 (2.6 2.3

98 4 |77 5 |39 -1 24 -3 |10 .4 |4.20 |-1.80/5.52 0.27 |10.4 .29 (2.6 2.3

97 3 |84 12 142 2 |26 -1 |10 -4 |4.00 |-2.00/5.40 0.15 [10.5 28 (3.1 -1.8

97 3 (73 1 33 7 [21 6 |10 -4 [3.70 |.2.30[5.07 -0.18/10.6 2.7 143 -0.6
\WB 90-100 55-95 30-65 20-50 5-30 2-7 NHI-80-4(197)216 & 2000|Interstate
Design/JMF 94 72 40 27 14 6.00 5.25 13.3 4.9 BRI-80-4(206)220
LMF Limits 90-100 65-79 33-47 22-32 9-19 3-7




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"[Sieve [1/2"|Sieve [#4 |[Sieve [#8 |Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
99 5 |83 11 |44 4 |26 -1 |10 -4 |4.40 |-1.60/5.24 -0.01{12.8 -0.5 6.1 1.2
\WB 90-100 55-95 30-65 20-50 5-30 2-7 12.0 min NH-ON25-03(074) 2000|Primary
Design/JMF 100 86 54 43 25 4.50 5.00 13.0 3.1
IMF Limits 90-100 79-93 47-61 38-48 20-30 2.5-6.5 4.75-5.25) 13.0-16.0 2.5-45
5.00 0.00 |16.6 36 |[7.4 4.3
100 o |91 5 |63 9 |48 5 27 2 |4.20 |-0.30/5.10 0.10 |16.7 3.7 [7.1 4.0
100 0 |88 2 |62 s |47 4 |25 o |[4.00 [-0.50/5.30 0.30 |15.4 24 (5.2 2.1
99 -1 |86 o |57 3 |45 2 |28 3 |[5.50 |[1.00(5.50 0.50 (14.8 1.8 3.2 0.1
100 o |87 1 |60 6 |46 3 |27 2 |5.70 |1.20(5.50 0.50 |13.7 0.7 |2.8 -0.3
100 o (91 5 |64 10 [50 7 |30 5 16.90 |2.40(5.45 0.45 |13.8 0.8 3.2 0.1
100 o (93 7 |64 10 |48 5 [26 1 |4.60 |0.10/5-43 0.43 |13.5 05 |3.4 0.3
\WB 90-100 55-95 30-65 20-50 5-30 2-7 NHP-010-4(32) 2000|Primary
Design/JMF 100 85 42 28 18 5.2 5.30 14.7 4.2
JMF Limits 90-100 78-92 35-49 23-33 13-23 3-7
99 -1 91 6 |47 5 [30 2 |20 2 [7.10 [1.90/5.70 0.40 (14.6 -0.1 4.0 -0.2
\WB 90-100 55-95 30-65 20-50 5-30 2.0-7.0 12.0 min NHP-021-1(49) 2000|Primary
Design/JMF 96 74 45 30 14 5.30 5.30 14.8 6.6
LIMF Limits 90-100 67-81 28-52 25-35 9-19 3.0-7.0 5.05-5.55 13.3-16.3 2545
92 -4 |65 9 |39 6 |26 -4 |12 -2 5.37 0.07 |12.4 2.4 (3.3 -3.3
92 -4 |66 8 |37 .8 |24 6 |11 -3 5.37 0.07 |12.8 2.0 4.8 -1.8
91 5 |70 -4 |42 -3 29 1 |12 -2 5.37 0.07 [11.7 3.1 2.7 -3.9
96 o |74 o 43 -2 |29 -1 |11 -3 (3.90 |-1.40/5.31 0.01|11.9 29 (3.4 3.2
95 1 |74 0o |45 o |31 1 (14 0 11.7 3.1 2.3 4.3
94 -2 |75 1 |44 -1 |29 -1 |15 1 [5.10 1|-.0.20/5.79 0.49 |12.9 1.9 3.8 2.8
92 -4 |69 5 |41 .4 |28 2 |15 1 1540 |0.10(5.36 0.06 [13.1 1.7 4.8 -1.8
99 3 |76 2 |43 2 [30 o |15 1 |[5.80 |0.50/(5.47 0.17 |13.2 -1.6 4.1 2.5
WB 90-100% 55-95% 30-65% 20-50% 5-30% 2-7% 12.0 min SCP-012-1(96) 2000|Primary
Design/JMF 100 78 42 27 14 5.00 5.30 15.1 4.3
LIMF Limits 90-100 71-85 35-49 22-32 9-19 3.0-7.0 5.05-5.55 13.6-16.6 2.5-45
100 o |87 9 |48 6 |29 2 |16 2 |[5.50 |[0.501(5.26 -0.04/12.5 2.6 [3.0 1.3
100 0 |85 7 |46 4 |28 1 |16 2 |5.80 |0.801(5.12 .0.18|12.1 3.0 2.4 1.9
100 0 |85 7 |47 5 |29 2 |17 3 |5.60 |0.60(5.17 -0.13|13.0 2.1 2.7 1.6
100 o |[78 o 44 2 (28 1 (15 1 |[5.90 |0.90/(5.15 -0.15/12.3 2.8 2.7 -1.6
\WB 90-100 55-95 30-65 20-50 5-30 2-7 SCP-1090-01(106) 2000|Interstate




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road

Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
Design/IMF 99 83 46 34 18 4.8 4.90 13.6 3.6 w/ RAP
JMF Limits

100 1 |83 0 |44 -2 [31 -3 |18 0 [7.20 |2.40(4.92 0.02 |13.4 -0.2 4.7 1.1
\WB 90-100 55-95 30-65 20-50 5-30 2.0-7.0 12.0 min SCP-1090-01(106) 2000|Interstate
Design/IJMF 99 82 44 31 17 5.30 4.70 13.0 3.3 w/ RAP
LIMF Limits 4.45-4.95 11.5-14.5 2.5-45

99 0o (83 43 -1 4.61 -0.09|12.6 -0.4 [3.5 0.2

98 -1 |83 43 -1 4.89 0.19 |12.8 .0.2 2.7 -0.6
\WB 90-100 55-95 30-65 20-50 5-30 2-7 SCP-ON13-01(047) 2000|Primary
Design/JMF 98 75 45 31 18 5.1 5.00 12.9 3.7
JMF Limits 90-100 68-82 38-52 26-36 13-23 3-7

97 -1 [72 -3 |43 -2 [30 -1 |18 0 [5.90 ]0.80 |4.88 -0.12|12.9 0.0 |4.8 1.1
\WB 100 85-100 35-70 20-55 5-35 2-7 SCPS-0109(025) 2000|Secondary
Design/JMF 100 91 44 30 17 6.00 5.25 13.5 3.7
JMF Limits 100 85-98 37-51 25-35 12-22 3-7

100 0 (93 2 |48 4 |34 4 |22 5 [8.90 |2.90 5.81 0.56 |12.0 -1.5 |25 -1.2

99 -1 |90 -1 |48 4 |34 4 |22 5 [9.10 [3.105.81 0.56
WB 90-100 55-95 30-65 20-50 5-30 2-7 SIB-ACIM-80-1(104)49 (2000|Interstate
Design/IMF 99 77 43 29 18 4.5 5.50 14 3.9
JMF Limits 90-100 70-84 36-50 24-34 13-23 2.5-6.5

99 0 (81 4 |52 9 (36 7 (24 6 [7.20 |2.70 [5.62 0.12 |11.9 -2.1 |25 -1.4

97 -2 |73 -4 |48 5 [33 4 |22 4 16.90 |2.40 |5.60 0.10 (12.0 -2.0 |1.6 -2.3
\WB 90-100 55-95 30-65 20-50 5-30 2-7 SIB-ACIM-80-1(104)49 (2000|Interstate
Design/IMF 98 70 39 28 19 5.3 5.00 13.3 4.2
JMF Limits 90-100 63-77 32-46 23-33 14-24 3-7

99 1 |78 8 |40 1 |27 -1 |19 0 [6.30 |1.00 |4.89 -0.11]12.5 -0.8 |3.7 -0.5
WB 90-100 55-95 30-65 20-50 5-30 2-7 13.0 min SIB-ACIM-80-1(104)49 (2000|Interstate
Design/IJMF 98 77 43 31 21 5.90 5.50 14.0 3.9
LIMF Limits 90-100 70-84 36-50 26-36 16-26 3.0-7.0 5.25-5.75 12.5-15.5

99 1 |81 4 |52 9 |36 5 21 7.20 |1.30[5.62 0.12 |11.9 2.1 (2.5 1.4

97 1 |73 .4 |48 5 [33 2 [22 6.90 |1.00 |5.60 0.10 |12.0 2.0 |1.6 2.3
\WB 90-100 55-95 30-65 20-50 5-30 2-7 13.0 min SIB-ACIM-80-1(104)49 [2000|Interstate
Design/JMF 98 70 39 28 19 5.30 5.00 13.3 4.2
|JMF Limits 90-100 63-77 32-46 23-33 14-24 3.0-7.0 4.75-5.25) 11.8-14.8




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
98 o |73 3 |40 1 |28 o |19 o [6.40 |1.1015.08 0.08 (14.0 0.7 [5.5 1.3
99 1 |76 6 |41 2 |28 o |19 0o 16.30 |1.00/5.01 0.01(12.3 1.0 3.1 1.1
97 -1 |66 -4 |30 9 [22 6 |17 -2 [5.90 |0.60|4.16 .0.84/12.1 1.2 3.3 -0.9
99 1 |78 g8 |40 1 |27 -1 |19 0o [6.30 |(1.00 |4.89 -0.11|12.5 .0.8 [3.7 -0.5
96 2 |72 2 |37 .2 |26 .2 |18 -1 |4.90 |-0.40/5.05 0.05 [11.2 2.1 [2.0 2.2
97 1 |72 2 |34 -5 |24 -4 |17 -2 14.50 |-0.80/4.65 .0.35|11.3 20 21 2.1
97 -1 |81 11 |41 2 |28 o |19 0o 1|5.40 |0.10/5.75 0.75(12.8 .05 (1.8 2.4
98 o |[71 1 39 o (27 -1 (17 .2 [4.50 |.0.80[5.30 0.30 |11.8 -1.5 |2.0 2.2
WB 90-100 55-95 30-65 20-50 5-30 2-7 STPNP-034-3(27) 2000|Primary
Design/JMF 98 75 45 31 17 4.5 6.25 16.2 5.5
IMF Limits 90-100 68-82 38-52 26-36 12-22 2.5-6.5 6.00-6.50 14.7-17.7 2.5-45
98 0o (78 3 |48 3 [34 3 19 2 [5.3 0.80 6.61 0.36 (14.5 -1.7 |2.6 -2.9
98 0 [75 0 44 -1 31 0o [18 1 49 0.40 (6.57 0.32 (14.3 -1.9 |2.6 -2.9
96 -2 |74 -1 43 -2 31 0 (17 0 4.3 -0.20(6.11 -0.14
96 -2 69 -6 |40 -5 |29 -2 |16 -1 4.1 -0.40(6.2 -0.05
94 -4 |70 -5 |42 -3 |30 -1 |17 0 4.1 -0.40(5.98 -0.27(14.6 -1.6 4.1 -1.4
97 -1 |74 -1 |45 o [31 o |17 0 4.4 -0.10(6.62 0.37 15.1 -1.1 4.1 -1.4
98 o (81 6 |49 4 (34 3 |18 1 [3.50 |-1.00/6.40 0.15/13.8 2.4 (1.3 -4.2
99 1 183 g8 |51 6 |35 4 |18 1 14.00 |-0.505.90 .0.3514.3 19 (2.1 -3.4
100 2 185 10 51 6 |36 5 |19 2 |3.90 [-0.60|7.20 0.95 (15.4 -0.8 [3.0 2.5
99 1 |79 4 |46 1 (30 -1 |16 -1 (3.40 |-1.10/6.70 0.45 |14.7 15 3.1 2.4
96 2 |78 3 |47 2 (33 2 (17 o [3.60 |.0.90[6.70 0.45 |14.6 -1.6 |2.8 2.7
\WB 100 85-100 35-70 20-50 5-35 2-7 13.0 min STPS, ARSCT & 2000|Secondary
Design/IJMF 100 98 48 25 13 5.40 6.00 14.3 3.9 ARSCT-1900(30)
IMF Limits 100 86-100 41-55 20-30 8-18 3.0-7.0 5.75-6.25| 12.8-15.8 2.5-45
100 o (99 1 |42 -6 |24 -1 |12 -1 |5.60 |0.20(5.27 .0.73|16.3 20 (7.0 3.1
100 0 (98 o |41 -7 |25 o |15 2 |5.80 |0.40(6.50 0.50 |15.6 1.3 3.1 -0.8
100 o |99 1 |45 -3 29 4 |16 3 |[6.60 |(1.2016.19 0.19 [16.0 1.7 2.5 1.4
100 o (99 1 |46 2 25 o |[13 o [6.30 |0.90 [6.50 0.50 |16.4 21 |1.3 2.6
WB 100 85-100 35-70 20-50 5-35 2-7 13.0 min STPS, ARSCT & 2000|Secondary
Design/IJMF 100 98 45 26 16 5.40 6.00 12.6 3.4 ARSCT-1900(30)
LIMF Limits 100 86-100 38-52 21-31 11-21 3.0-7.0 5.75-6.25 11.1-14.1 2.5-45
100 o (99 1 |46 1 |23 -3 (14 -2 [6.10 |0.70[6.09 0.09 |12.8 0.2 |3.0 -0.4
100 o (98 0o 45 0 |[26 o |[18 2 (540 |0.00 [6.19 0.19 |13.2 0.6 |3.1 -0.3




3/4" diff. [1/2" diff. [#4 diff. [#8 diff. [#30 diff. [#200 |diff. |Asphalt |diff. diff. diff |Project Road
Sieve [3/4"|Sieve [1/2"|Sieve [#4 |Sieve #8 [Sieve [#30 |Sieve [#200|Content |AC |VMA VMA|VTM  [VTM|Designation Year|Classification
100 o |99 1 |45 0o |25 1 |11 .5 [6.30 [0.90 |5.96 -0.04/13.6 1.0 4.2 0.8
100 0 (98 o |48 3 |25 -1 |13 -3 |5.40 |0.001/6.19 0.19 |12.6 0.0 2.8 -0.6
100 o (99 1 |50 5 |29 3 |18 2 1890 (3.50/6.00 0.00 |12.6 0.0 3.3 -0.1
\WB 100 85-100 35-70 20-55 5-35 2-7 STPS-0202-00(013) 2000|Secondary
Design/JMF 100 95 51 34 17 5.90 5.90 15.9 4.9
JMF Limits 100 86-100 44-58 29-39 12-22 3-7
100 0 |98 3 |57 6 [37 3 |19 2 16.30 [0.4016.09 0.19 [15.9 0.0 6.0 1.1
\WB 100 85-100 35-70 20-55 5-35 2-7 STPS-0703-00(012) 2000|Secondary
Design/JMF 100 91 55 38 21 4.40 6.00 16.5 4.4
IJMF Limits 100 85-99 48-62 33-43 16-26 3-7
100 0 [92 1 |58 3 |42 4 |25 4 16.40 |2.006.34 0.34 (15.4 -1.1 2.8 -1.6
\WB 100 85-100 35-70 20-55 5-35 2-7 STPS-E-0607(28)/ 2000|Secondary
Design/JMF 100 93 43 25 10 3.70 5.00 13.8 4 STPS-0607(13)
JMF Limits 100 86-100 36-50 20-30 5-15 3-7
100 0 |88 -5 |42 -1 [25 0 |12 2 [7.70 ]4.00|5.01 0.01 (13.7 -0.1 4.4 0.4
\WB 90-100 55-95 30-65 20-50 5-30 2-7 STPU-4200(10) 2000|Urban
Design/JMF 100 81 44 30 15 5.00 5.00 14.4 3.4
JMF Limits 90-100 74-88 37-51 25-35 10-20 3-7
100 0 |78 -3 43 -1 [29 -1 |15 0 [6.50 [1.50/4.70 -0.30[14.2 -0.2 |5.1 1.7
\WB 100 85-100 35-70 20-50 5-35 2-7 STPUCO-4708(4) 2000|Urban
Design/JMF 100 93 54 37 21 4.9 5.80 16.1 5
JMF Limits 100 86-100 47-61 32-42 16-26 3-7
100 0 |85 -8 |47 -7 33 -4 21 0 [5.40 ]0.50 )4.96 -0.84(13.7 -2.4 4.1 -0.9







Data for Pavement Sections Constructed Under the Non-QC/QA

Specification



3/4"  (diff.|1/2"  |(diff. |#4 diff. [#8 diff. [#30 [|diff. [#200 |diff. |[Asphalt |diff. diff. diff [Project Road

Sieve |[3/4"|Sieve |1/2"|Sieve [#4 |Sieve |#8 |[Sieve [#30 [Sieve [#200 [Content |AC |VMA VMA VTM  [VTM |Designation Year |Classification
'\WB 90-100 60-85 40-60 25-45 10-30 2-7 BROS-0100(5) 1997 |[Secondary
Design/JMF (99 74 45 29 13 4.50 5.50 14.6 4.0
JMF Limits  [90-100 67-81 38-52 24-34 10-20 2-7

100 1 82 8 52 7 |33 4 |15 2 |[3.90 [-0.60|5.77 0.27 |15.0 0.4 (3.4 -0.6
\WB 100 90-100 40-60 25-45 10-30 2-7 BROS-0400(6) 1997 |Secondary
Design/JMF (100 93 51 35 21 5.0 5.60 14.8 4.1
JMF Limits {100 90-100 44-58 30-40 16-26 2-7

100 0 |87 -6 |55 4 |40 5 |25 4 |6.50 [1.50 [5.34 -0.26|13.4 -1.4 3.6 -0.5
\WB 100 90-100 40-60 25-45 10-30 2-7 CMP-PM-9710 1997 (Urban
Design/JMF (100 95 53 36 18 4.5 5.60 16.0 5.2
JMF Limits {100 90-100 46-60 31-41 13-23 2-7

100 0 |97 2 |62 9 |42 6 |20 2 |5.40 ]0.90 |5.70 0.10 |16.2 0.2 [5.7 0.5
\WB 90-100 60-85 40-60 25-45 10-30 2-7 CMP-PO-012-1(94) 1997 |Primary
Design/JMF (98 67 47 30 17 5.4 5.30 12.8 4.2
JMF Limits  [90-100 60-74 40-54 25-35 12-22 2-7

100 2 76 9 50 3 |33 3 20 3 4.6 -0.805.43 0.13 |12.7 -0.1 (3.5 -0.7

98 0 |76 9 |52 5 |34 4 |20 3 [4.00 |-1.40/5.65 0.35 |12.4 -0.4 [2.8 -1.4
'\WB 90-100 60-85 30-50 15-35 5-25 2-6 CMP-PO-025-3(70) 1997 |Primary
Design/IJMF |96 74 39 24 12 3.5 5.50 14.4 4.9
JMF Limits  [90-100 67-81 32-46 19-29 7-17 2-6

97 1 (74 0 |43 4 (26 2 |15 3 |[3.60 |0.10 [5.57 0.07 |14.8 0.4 6.2 13

96 0 |73 -1 |40 1 |24 0 (13 1 |3.20 |-0.30/5.55 0.05 |14.8 0.4 6.2 1.3

97 1 (73 -1 |44 5 |26 2 |15 3 |[3.70 |0.20 [5.56 0.06 |14.8 0.4 6.2 13

96 0 67 -7 |36 -3 |23 -1 |12 0 |3.10 |-0.401(5.49 -0.01|14.8 0.4 6.2 1.3
\WB 100 90-100 40-60 20-40 5-25 2-6 CMP-PO-025-3(70) 1997 |Primary
Design/JMF (100 95 47 28 15 4.7 6.00 16.1 6.4
JMF Limits {100 90-100 40-54 23-33 10-20 2-6

100 0 95 0 45 -2 |28 0 16 1 |4.50 [-0.20(5.65 -0.35|17.1 1.0 |7.6 1.2

100 0 |96 1 (43 -4 (27 -1 (15 0 [4.20 |-0.50(5.82 -0.18]17.1 10 (7.6 1.2
'\WB 90-100 60-85 40-60 20-40 5-25 2-7 CMP-PO-9718 1997 |Urban
Design/IJMF |96 74 47 27 10 5.0 4.80 13.3 4.2
JMF Limits  [90-100 67-81 40-54 22-32 5-15 2-7

88 -8 |68 -6 |41 -6 |26 -1 |13 3 7.90 |2.90 |4.46 -0.34|11.0 -2.3 (1.9 -2.3

97 1 |74 0 |44 -3 27 0 (13 3 [7.50 [2.50 [5.00 0.20 |11.4 -1.9 [1.7 -2.5




3/4"  (diff.|1/2"  |(diff. |#4 diff. [#8 diff. [#30 [|diff. [#200 |diff. |[Asphalt |diff. diff. diff [Project Road
Sieve |[3/4"|Sieve |1/2"|Sieve [#4 |Sieve |#8 |[Sieve [#30 [Sieve [#200 [Content |AC |VMA VMA VTM  [VTM |Designation Year |Classification
97 1 73 -1 |41 -6 |26 -1 |12 2 6.80 |1.80 |4.58 -0.22]11.4 -1.9 [2.6 -1.6
'\WB 100 90-100 40-60 20-40 5-25 2-7 CMP-PO-9718 1997 |Urban
Design/JMF (100 95 47 26 10 5.00 4.9 13.3 3.9
JMF Limits {100 90-100 40-54 21-31 5-15 2-7
100 0 88 -7 |43 -4 |25 -1 |12 2 7.30 |2.30 |4.89 -0.01]12.4 -0.9 (3.1 -0.8
'\WB 100 90-100 40-60 20-40 5-25 2-7 DPI-0156(1) & (5) 1997 |Urban
Design/JMF (100 95 53 36 18 4.5 6.00 15.8 3.9
JMF Limits {100 90-100 46-60 31-41 13-23 2-7
100 0 96 1 56 3 |39 3 22 4 16.50 |2.00 |5.66 -0.3415.3 -0.5 4.2 0.3
\WB 90-100 60-85 40-60 25-45 10-30 2-7 DPI-0156(06) 1997 (Urban
Design/JMF (95 68 46 30 15 5.0 5.50 12.9 3.7
JMF Limits  [90-100 61-75 40-54 25-35 10-20 2-7
92 -3 |63 -5 140 -6 |27 -3 |16 1 6.30 [1.30 |4.86 -0.6412.3 -0.6 (5.4 1.7
\WB 100 90-100 40-60 20-40 5-25 2-7 DPI-0156(11) 1997 (Urban
Design/JMF (100 93 52 33 16 4.0 5.30 13.6 3.9
JMF Limits {100 90-100 45-59 28-38 11-21 2-7
100 0 |91 -2 |56 4 (41 8 (25 7.20 |3.20 [5.19 -0.11|12.5 -1.1 2.7 -1.2
100 0 |90 -3 |56 4 (38 5 |21 6.10 [2.10 |5.64 0.34 |12.3 -1.3 2.0 -1.9
\WB 90-100 60-85 40-60 20-40 5-25 2-7 DPI-0156(13) 1997 (Urban
Design/JMF (99 78 52 39 25 6.0 5.20 12.4 3.1
JMF Limits  [90-100 71-85 45-59 34-44 20-30 2-7
97 -2 |78 0 |54 2 |40 1 |26 1 |7.40 |1.40 |5.64 0.44 |11.8 -0.6 [0.8 -2.3
'\WB 100 90-100 4060 20-40 5-25 2-7 DPI-0156(13) 1997 |Urban
Design/JMF (100 100 50 38 25 6.0 5.20 12.1 2.7
JMF Limits {100 90-100 43-57 33-43 20-30 2-7
100 0 |96 -4 |49 -1 (35 -3 |23 -2 |6.90 |0.90 [5.12 -0.08]12.1 0.0 [1.7 -1.0
'\WB 100 90-100 40-60 25-45 10-30 2-7 DPI-0156(14) 1997 |Urban
Design/JMF (100 94 47 33 16 4.0 5.50 14.7 4.1
JMF Limits {100 90-100 40-54 28-38 11-21 2-7
100 0 (92 -2 |49 33 0 (17 6.90 [2.90 |5.51 0.01 |13.8 -0.9 2.5 -1.6
100 0 95 1 53 35 2 18 7.50 |3.50 |5.95 0.45 |14.6 -0.1 (2.1 -2.0
'\WB 100 90-100 40-60 25-45 10-30 2-7 DPI-0156(15) 1997 |Urban
Design/JMF (100 93 52 32 14 5.0 6.50 17.6 5.2
|JMF Limits [100 90-100 45-59 27-37 10-20 2-7




Design/IMF
MF Limits

3/4"  |diff. [1/2"  |diff. |#4 diff. [#8 diff. [#30 |diff. [#200 |diff. |Asphalt (diff. diff. diff |Project Road
Sieve |[3/4"|Sieve |1/2"|Sieve [#4 |Sieve |#8 |[Sieve [#30 [Sieve [#200 [Content |AC |VMA VMA VTM  [VTM |Designation Year |Classification
100 0 91 -2 |48 -4 |32 0 18 4 14.70 |-0.30(6.55 0.05 |13.1 -4.5 (2.9 -2.3
'\WB 100 90-100 40-60 25-45 10-30 2-7 DPI-0156(16) 1997 |Urban
Design/JMF (100 95 50 34 18 5.6 5.70 16.6 5.2
JMF Limits {100 90-100 43-57 29-39 13-23 2-7
100 0 97 2 57 7 |38 4 |22 4 18.10 |2.50 |6.16 0.46 |15.0 -1.6 (2.7 -2.5
'\WB 90-100 60-85 40-60 25-45 10-30 2-7 IM-80-1(153)44 1997 |Interstate
Design/IJMF |92 67 49 35 22 4.5 5.00 13.4 4.2 w/ RAP
JMF Limits
88 -4 |68 1 41 -8 |26 -9 |13 -9 |7.90 |3.40 |5.15 0.15 |12.0 -1.4 (1.9 -2.3
\WB IM-80-1(153)44 1997 |Interstate
Design/JMF |92 67 49 35 22 4.5 4.90 13.0 4.2 w/ RAP
JMF Limits
91 -1 |57 -10 |41 -8 |29 -6 |19 -3 4.70 |0.20 |4.68 -0.2211.5 -1.5 (2.2 -2.0
\WB 90-100 60-85 40-60 25-45 10-30 2-7 IM-80-1(153)44 1997 |Interstate
Design/JMF |95 78 a7 34 22 4.0 5.00 12.5 3.4
JMF Limits  [90-100 71-85 40-54 29-39 17-27 2-7
96 1 78 0 48 1 (34 0 23 1 6.50 |2.50 |5.25 0.25 |12.2 -0.3 [3.3 -0.1
\WB IM-80-4(198)221 1997 |Interstate
Design/JMF |97 79 54 34 14 5.0 4.90 14.9 5.3 w/ RAP
JMF Limits
92 -5 |73 -6 |45 -9 |31 -3 |15 1 [6.00 [1.00 |4.78 -0.12(11.6 -3.3 [2.2 -3.1
\WB 90-100 60-85 40-60 25-45 10-30 2-7 IM-80-5(120)310 1997 |Interstate
Design/JMF {100 76 48 32 17 7.0 5.00 11.8 3.6
JMF Limits  [90-100 69-83 41-55 27-37 12-22 2-7
100 0 (84 8 |40 -8 |28 -4 |16 -1 |7.10 |0.10 [4.57 -0.43(12.4 0.6 [3.8 0.2
'\WB 90-100 60-85 40-60 25-45 10-30 2-7 IM-90-1(95)10 1997 |Interstate
Design/JMF |95 78 44 30 14 6.3 4.90 12.4 3.6 w/ RAP
JMF Limits
96 1 77 -1 |40 -4 |27 -3 |15 1 6.70 |0.40 |4.91 0.01 |11.3 -1.1 (3.1 -0.5
92 -3 |72 -6 |37 -7 |26 -4 |14 0 6.30 |0.00 |4.59 -0.31|11.5 -0.9 (3.3 -0.3
95 0 72 -6 |35 -9 |24 -6 |13 -1 16.10 |-0.20}4.51 -0.39|11.8 -0.6 4.1 0.5
'\WB 90-100 60-85 40-60 25-45 10-30 2-7 IM-90-1(95)10 1997 |Interstate
95 78 44 30 14 6.3 4.90 12.3 3.7 w/ RAP




3/4"  (diff.|1/2"  |(diff. |#4 diff. [#8 diff. [#30 [|diff. [#200 |diff. |[Asphalt |diff. diff. diff [Project Road
Sieve |[3/4"|Sieve |1/2"|Sieve [#4 |Sieve |#8 |[Sieve [#30 [Sieve [#200 [Content |AC |VMA VMA VTM  [VTM |Designation Year |Classification
93 -2 |76 -2 |34 -10 |22 -8 |12 -2 |5.90 |-0.40(4.35 -0.55|12.5 0.2 (4.9 1.2
95 0 |72 -6 |34 -10 (22 -8 (12 -2 [5.20 |-1.10(4.46 -0.44|12.5 0.2 4.9 1.2
91 -4 |67 -11 |28 -16 (20 -10 (11 -3 [5.20 |-1.10(4.53 -0.37|12.1 -0.2 3.6 -0.1
93 -2 |67 -11 |29 -15 |20 -10 |11 -3 |5.20 |-1.10}4.79 -0.11]12.1 -0.2 (3.6 -0.1
\WB 100 90-100 40-60 20-40 5-25 2-7 IM-90-1(95)10 1997 (Interstate
Design/JMF (100 93 48 33 16 4.7 5.50 14.8 3.1
JMF Limits {100 90-100 41-55 28-38 11-21 2-7
100 0 |88 -5 |41 -7 29 -4 (17 1 |5.70 |1.00 |5.23 -0.27|13.8 -1.0 2.1 -1.0
\WB 90-100 60-85 40-60 25-45 10-30 2-7 IM-90-2(93)56 & 1997 (Interstate
Design/JMF (95 71 50 35 18 6.0 5.60 134 3.1 IM -25-5(83)299
JMF Limits  [90-100 64-78 43-57 30-40 13-23 2-7
97 2 63 -8 |39 -11 |28 -7 |17 -1 |5.40 |-0.60(4.52 -1.08 |13.7 0.3 [6.7 3.6
99 4 |68 -3 43 -7 (30 -5 (17 -1 [5.90 |-0.10[5.26 -0.34]12.8 -0.6 [2.2 -0.9
'\WB 90-100 60-85 40-60 25-45 10-30 2-7 NHI-80-4(198)221 1997 |Interstate
Design/JMF |98 79 49 31 12 5.5 4.50 12.0 4.5
JMF Limits  [90-100 71-85 42-56 26-36 10-20 2-7
99 1 72 -7 |40 -9 |24 -7 |11 -1 |5.60 |0.10 |3.86 -0.64|12.1 0.1 |[5.1 0.6
'\WB 100 90-100 35-55 20-40 5-25 2-7 NHI-90-3(70)107 1997 |Interstate
Design/JMF (100 98 39 23 10 5.2 5.20 13.7 4.2
JMF Limits {100 90-100 36-50 20-30 5-15 3-7
100 0 95 -3 |41 2 27 4 |15 5 11.00 |5.80 |5.10 -0.10|12.4 -1.3 2.4 -1.8
'\WB 100 90-100 40-60 25-45 10-30 2-7 SC-CFM 23-35 1997 |County Rd.
Design/JMF (100 95 47 31 19 6.0 6.30 15.0 3.8
JMF Limits {100 90-100 40-54 26-36 14-24 2-7
100 0 |94 -1 |45 -2 (31 0 (19 6.50 |0.50 |6.10 -0.2013.4 -1.6 2.0 -1.8
100 0 97 2 53 6 |35 4 |21 7.40 [1.40 |6.70 0.40 |13.8 -1.2 (1.9 -1.9
\WB 90-100 60-85 40-60 25-45 10-30 2-7 STPHNP-034-2(21) 1997 |Primary
Design/JMF (99 82 49 34 18 5.8 6.00 14.2 4.0
JMF Limits  [90-100 75-85 42-56 29-39 13-23 2-7
97 -2 |74 -8 |38 -11 (28 -6 (17 -1 [5.00 |-0.805.81 -0.19]12.6 -1.6 1.9 -2.1
\WB 90-100 60-85 40-60 25-45 10-30 2-7 STPNP-030-3(36) 1997 |Primary
Design/JMF (96 74 52 37 19 4.4 5.75 15.9 4.9
JMF Limits  [90-100 67-81 45-59 32-42 14-24 2-7
94 -2 169 -5 |46 -6 (33 -4 |18 -1 |4.60 |0.20 [5.78 0.03 |13.7 -2.2 2.2 -2.7




3/4"  (diff.|1/2"  |(diff. |#4 diff. [#8 diff. [#30 [|diff. [#200 |diff. |[Asphalt |diff. diff. diff [Project Road

Sieve |[3/4"|Sieve |1/2"|Sieve [#4 |Sieve |#8 |[Sieve [#30 [Sieve [#200 [Content |AC |VMA VMA VTM  [VTM |Designation Year |Classification
'\WB 90-100 70-90 35-55 20-40 5-25 2-7 STPP-043-1(22) 1997 |Primary
Design/JMF (99 76 43 27 12 4.0 5.10 13.7 4.2 w/ RAP
JMF Limits

100 1 (79 3 |45 2 |28 1 |13 1 |6.50 |2.50 |5.53 0.43 |12.5 -1.2 (3.5 -0.7

99 0 |70 -6 |31 -12 20 -7 11 -1 [5.40 |(1.40 [4.74 -0.36|11.4 -2.3 3.6 -0.6

99 0 74 -2 |39 -4 |24 -3 |11 -1 |5.10 |1.10 |5.07 -0.03|12.4 -1.3 4.0 -0.2

100 1 75 -1 |39 -4 |25 -2 |12 0 |5.70 |1.70 |5.10 0.00 |12.7 -1.0 [4.5 0.3

97 -2 |72 -4 |38 -5 24 -3 |12 0 |[5.10 |1.10 [4.80 -0.30]11.6 -2.1 3.2 -1.0
'\WB 100 90-100 40-60 25-45 10-30 2-7 STPP-056-1(16) 1997 |Primary
Design/JMF (100 93 50 35 17 5.0 6.00 15.9 4.7
JMF Limits {100 90-100 43-57 30-40 12-22 2-7

100 0 |96 3 |53 3 (37 2 |20 3 |6.30 [1.30 [6.06 0.06 |13.9 -2.0 2.8 -1.9

100 0 |96 3 |51 1 |35 0 (18 1 |[5.70 |0.70 |5.87 -0.13|14.0 -1.9 (3.6 -1.1

100 0 96 3 51 33 -2 |17 0 |5.2 0.20 |5.86 -0.14114.9 -1.0 4.8 0.1
\WB 90-100 60-85 40-60 25-45 10-30 2-7 STPS-0103(28) 1997 |Secondary
Design/JMF (100 74 47 33 16 5.5 5.25 14.0 3.5
JMF Limits  [90-100 67-81 40-54 28-38 11-21 2-7

99 -1 |68 -6 |40 -7 29 -4 |16 0 |[5.70 |0.20 [4.85 -0.40(13.1 -0.9 [3.2 -0.3
\WB 90-100 60-85 40-60 25-45 10-30 2-7 STPS-1900(25) 1997 |Secondary
Design/JMF (100 78 44 31 19 6.00 5.75 13.3 4.2
JMF Limits  [90-100 71-85 40-54 26-36 14-24 2-7

100 0 |76 -2 |44 0 (32 1 21 2 6.80 [0.80 |5.39 -0.3612.1 -1.2 (3.8 -0.4
'\WB 100 90-100 35-55 20-40 5-25 2-6 STPS-2303(14) 1997 |[Secondary
Design/JMF (100 95 42 25 10 4.5 4.70 13.7 4.0
JMF Limits {100 90-100 35-49 20-30 5-15 2-6

100 0 (98 3 |41 -1 (24 -1 (11 1 [6.70 |2.20 |4.90 0.20 |14.1 0.4 4.7 0.7
'\WB 90-100 60-85 40-60 25-45 10-30 2-7 STPU-0212(7) 1997 |[Secondary
Design/IJMF |97 72 53 38 17 4.4 5.50 15.1 4.0
JMF Limits  [90-100 65-79 46-60 33-43 12-22 2-7

100 3 80 8 57 4 |39 1 20 3 1|5.80 |1.40 |5.74 0.24 |14.3 -0.8 (3.3 -0.7
'\WB 90-100 60-85 40-60 25-45 10-30 2-7 STPU-258(4) 1997 |[Secondary
Design/JMF |95 78 53 40 22 4.0 5.20 14.2 4.0
JMF Limits  [90-100 71-85 46-60 35-45 17-27 2-7

99 4 78 0 47 -6 |32 -8 |17 -5 16.20 |2.20 |5.22 0.02 |13.5 -0.7 (3.0 -1.0




3/4"  (diff.|1/2"  |(diff. |#4 diff. [#8 diff. [#30 [|diff. [#200 |diff. |[Asphalt |diff. diff. diff [Project Road
Sieve |[3/4"|Sieve |1/2"|Sieve [#4 |Sieve |#8 |[Sieve [#30 [Sieve [#200 [Content |AC |VMA VMA VTM  [VTM |Designation Year |Classification
'\WB 100 90-100 45-70 25-55 10-30 2-7 STPUDO-4802(1) 1997 |Urban
Design/JMF (100 98 57 40 21 3.5 5.90 155 3.9
JMF Limits {100 90-100 51-65 35-45 16-26 2-7
100 0 98 0 65 8 |47 7 26 5 |5.30 |1.80 |6.10 0.20 |14.4 -1.1 (2.2 -1.7
\WB 100 90-100 40-60 25-45 10-30 2-7 STPUGR-4363(1) 1997 |Secondary
Design/JMF (100 93 51 35 21 5.0 5.60 14.8 4.1
JMF Limits {100 90-100 44-58 30-40 16-26 2-7
100 0 |97 4 |54 3 (38 3 (24 3 |[6.60 [1.60 [6.37 0.77 |14.5 -0.3 [1.9 -2.2
\WB 90-100 60-85 40-60 25-45 10-30 2-7 STPURA-4554(1) 1997 (Urban
Design/JMF (96 76 49 32 13 4.7 5.30 16.4 6.8
JMF Limits  [90-100 69-83 42-56 27-37 10-20 2-7
96 0 |80 4 |52 3 [35 3 (17 4 |6.80 [2.10 [5.45 0.15 |11.7 -4.7 1.8 -5.0
\WB 90-100 60-85 40-60 25-45 10-30 2-7 ACIM-80-3(128)143 1998 (Interstate
Design/JMF (97 74 43 29 15 4.9 4.70 134 4.0
JMF Limits  [90-100 67-81 40-54 25-35 10-20 2-7
98 1 |77 3 |48 5 |30 1 a7 2 |5.50 |0.60 |4.84 0.14 |13.7 0.3 4.1 0.1
'\WB 100 90-100 35-55 20-40 5-25 2-6 ACSTPH-0607(30) 1998 [Secondary
Design/JMF (100 95 48 27 10 4.50 5.30 13.5 3.9
JMF Limits {100 90-100 41-55 22-32 5-15 2-6
100 0 (94 -1 |47 -1 (28 1 11 1 |5.60 |1.10 |4.64 -0.6612.9 -0.6 [5.1 1.2
'\WB 90-100 60-85 40-60 25-45 10-30 2-7 BR-80-3(124)177 1998 |Interstate
Design/JMF (100 83 49 30 14 5.00 5.4 15.4 5
JMF Limits  [90-100 71-85 42-56 25-35 10-20 2-7
100 0 83 0 47 -2 |29 -1 |16 2 |5.70 |0.70 [5.34 -0.06 |15.4 0.0 [5.1 0.1
'\WB 100 90-100 40-60 25-45 10-30 2-7 CMI-90-1(92)23 1998 |Interstate
Design/JMF (100 95 47 30 15 4.00 5.5 12.8 3.6
JMF Limits {100 90-100 40-54 25-35 10-20 2-7
100 0 91 -4 |46 -1 |28 -2 |14 -1 |5.60 |1.60 |5.72 0.22 |14.4 1.6 |5.7 2.1
'\WB 100 90-100 40-60 25-45 10-30 2-7 CMP-PM-25-3(95)135 1998 |Interstate
Design/JMF (100 95 47 32 16 4.10 4.9 14.1 3.6
JMF Limits {100 90-100 40-54 27-37 11-21 2-7
100 0 96 1 49 2 |35 3 18 2 |4.00 [-0.10(5.24 0.34 |15.8 1.7 |5.0 1.4
\WB 100 90-100 40-60 25-45 10-30 2-7 +/- 0.25 +/-1.5 +/- 1.5 CMP-PO-060-1(18) 1998 |Primary
Design/JMF (100 95 47 30 15 4.00 5.50 12.8 3.6




3/4"  |diff. [1/2"  |diff. |#4 diff. [#8 diff. [#30 |diff. [#200 |diff. |Asphalt (diff. diff. diff |Project Road

Sieve |[3/4"|Sieve |1/2"|Sieve [#4 |Sieve |#8 |[Sieve [#30 [Sieve [#200 [Content |AC |VMA VMA VTM  [VTM |Designation Year |Classification
JMF Limits {100 90-100 40-54 25-35 10-20 2-7 4.5 min. 13.0 min. 2.5-4.5

100 0 |90 -5 |49 2 |30 0 |15 0 |5.80 |1.80 [6.13 0.63 |14.8 2.0 (4.9 1.3

100 0 (97 2 |55 8 |33 3 |15 0 |6.10 |2.10 [6.42 0.92 |15.7 29 5.1 15

100 0 (94 -1 |54 7 132 2 |15 0 |5.90 |1.90 [6.34 0.84 |14.0 12 |34 -0.2

100 0 93 -2 |54 7 (31 1 15 0 6.30 |2.30 |6.23 0.73 |14.1 1.3 |3.8 0.2
\WB 90-100 60-85 40-60 25-45 10-30 2-7 DPI-0156(8) 1998 |County Rd.
Design/JMF |97 77 a7 33 17 5.60 5.40 14.9 4
JMF Limits  [90-100 70-84 40-54 28-38 12-22 2-7

100 3 |86 9 |55 8 |41 8 |23 6 [7.00 [1.40 [5.49 0.09 |14.6 -0.3 4.3 0.3
\WB 90-100 60-85 30-55 20-45 10-30 2-7 NHI-90-1(89) 1998 |Interstate
Design/JMF {100 73 34 22 11 4.50 5.40 12.8 4 w/ RAP
JMF Limits

100 0 |70 -3 |33 -1 |23 1 |14 3 |7.00 |2.50 [5.33 -0.07 |13.7 0.9 4.9 0.9
'\WB 90-100 70-95 35-55 20-40 5-25 2-6 NHI-90-3(70)107 1998 |Interstate
Design/JMF |99 84 46 26 8 2.40 4.70 13.7 4.2 w/ RAP
JMF Limits

98 -1 (84 0 |49 3 |31 5 |13 5 |5.80 [3.40 |4.06 -0.64(12.0 -1.7 |4.0 -0.2
'\WB 100 90-100 40-60 25-45 10-30 2-7 SC-CFM 2-65 1998 |County Rd.
Design/JMF (100 95 53 38 18 4.50 5.60 16 5.2
JMF Limits {100 90-100 46-60 33-43 13-23 2-7

100 0 93 -2 |58 5 |42 4 |22 4 16.50 |2.00 |5.27 -0.33|14.5 -1.5 4.1 -1.1
'\WB 100 90-100 35-55 20-40 5-25 2-6 +/- 0.25 +/- 1.5 +/- 1.5 STPI-90-3(74)124 1998 |Interstate
Design/JMF (100 95 48 27 10 4.50 4.90 14.1 3.9
JMF Limits 100 90-100 41-55 22-32 5-15 2-6 4.5 min. 14.0 min. 3.0-5.0

100 0 (92 -3 |50 2 |29 2 |13 3 |7.80 [3.30 [4.88 -0.02(12.2 -1.9 (1.9 -2.0

100 0 |90 -5 |46 -2 |27 0 |12 2 |7.50 (3.00 [4.77 -0.13|12.0 -2.1 2.0 -1.9

100 0 |90 -5 |51 3 |29 2 |13 3 16.90 |2.40 [4.90 0.00 |12.7 -1.4 2.4 -1.5

100 0 94 -1 |56 8 |32 5 13 3 6.80 |2.30 |5.14 0.24 |13.1 -1.0 (1.8 -2.1

100 0 94 -1 |54 6 (30 3 12 2 7.00 |2.50 |5.03 0.13 |12.8 -1.3 2.2 -1.7

100 0 91 -4 |50 2 29 2 12 2 7.50 |3.00 |4.82 -0.08|12.4 -1.7 (2.2 -1.7

100 0 (93 -2 |51 3 |31 4 |13 3 |8.30 [3.80 [4.75 -0.15(12.2 -1.9 2.0 -1.9

100 0 93 -2 |51 3 28 1 12 2 7.30 |2.80 |5.00 0.10 |13.5 -0.6 (3.4 -0.5
\WB 90-100 60-85 40-60 25-45 10-30 2-7 STPNP-015-1(12) 1998 |Primary
Design/JMF |96 75 50 36 21 5.00 5.40 13.8 3.9




3/4"  (diff.|1/2"  |(diff. |#4 diff. [#8 diff. [#30 [|diff. [#200 |diff. |[Asphalt |diff. diff. diff [Project Road

Sieve |[3/4"|Sieve |1/2"|Sieve [#4 |Sieve |#8 |[Sieve [#30 [Sieve [#200 [Content |AC |VMA VMA VTM  [VTM |Designation Year |Classification
JMF Limits  [90-100 68-82 43-57 31-41 16-26 2-7

99 3 83 8 58 8 43 7 26 5 |8.70 |3.70 |5.78 0.38 |13.5 -0.3 (3.0 -0.9
'\WB 90-100 60-85 40-60 25-45 10-30 2-7 +/- 0.25 +/- 1.5 +/- 1.5 STPNP-015-1(12) 1998 [Primary
Design/IJMF |96 75 50 36 21 6.80 5.40 13.8 3.9
JMF Limits  [90-100 68-82 43-57 31-41 16-26 2-7 4.5 min. 12.0 min. 2.5-4.5

99 3 |78 3 |56 6 |41 5 |23 2 |7.10 |0.30 |5.53 0.13 |14.5 0.7 4.2 0.3

98 2 |77 2 |58 8 |42 6 |25 4 (7.20 |0.40 [5.95 0.55 |13.9 0.1 (3.1 -0.8

100 4 |85 10 |61 11 |45 9 |27 6 [8.50 |1.70 |6.01 0.61 |14.1 0.3 [2.4 -1.5

97 1 81 6 57 7 |43 7 26 5 7.50 |0.70 |5.91 0.51 |13.2 -0.6 (1.8 -2.1

98 2 82 7 57 7 |41 5 25 4 |7.80 |1.00 |5.84 0.44 |13.2 -0.6 (1.8 -2.1

98 2 |85 10 |58 8 |43 7 |26 5 |7.40 |0.60 |5.94 0.54 |13.7 -0.1 [2.5 -1.4
'\WB 90-100 60-85 40-60 20-45 10-30 2-7 STPS-0109(19) 1998 [Secondary
Design/IJMF |94 72 48 36 21 5.70 5.50 14 5.3
JMF Limits  [90-100 65-79 41-55 31-41 16-26 2-7

99 5 86 14 |51 3 |37 1 21 0 |5.50 |-0.20(5.82 0.32 |13.0 -1.0 (2.8 -2.5
'\WB 90-100 60-85 40-60 20-45 10-30 2-7 STPS-0109(19) 1998 [Secondary
Design/IJMF |94 72 48 36 21 5.70 5.50 14 3.8
JMF Limits  [90-100 65-79 41-55 31-41 16-26 2-7

97 3 72 0 44 -4 |33 -3 |18 -3 14.00 |-1.70(5.40 -0.10]12.6 -1.4 (3.2 -0.6
\WB 90-100 60-85 40-60 25-45 10-30 2-7 +/- 0.25 +/-1.5 +/- 1.5 STPS-0109(19) 1998 |Secondary
Design/JMF (94 72 48 36 21 5.70 5.50 14.0 3.8
JMF Limits  [90-100 65-79 41-55 31-41 16-26 2-7 4.5 min. 12.0 min. 2.5-4.5

91 -3 |64 -8 |42 -6 30 -6 (17 -4 (3.30 [-2.40(5.44 -0.06 |12.2 -1.8 2.0 -1.8

94 0 |70 -2 |43 -5 (31 -5 (17 -4 (3.10 |-2.60(5.35 -0.15|12.2 -1.8 2.4 -1.4

92 -2 |71 -1 |47 -1 |34 -2 |18 -3 |3.90 |-1.80(5.55 0.05 |12.7 -1.3 (2.2 -1.6

92 -2 |73 1 47 -1 |33 -3 |18 -3 4.10 |-1.60(5.54 0.04 |12.4 -1.6 (1.6 -2.2

96 2 73 1 47 -1 |34 -2 |19 -2 |3.90 |-1.801(5.49 -0.01|12.5 -1.5 2.7 -1.1

94 0 |75 3 |51 3 (38 2 |20 -1 (3.80 [-1.90(5.72 0.22 |12.9 -1.1 (1.9 -1.9

95 1 [75 3 |50 2 |36 0 (19 -2 [3.60 [-2.10(5.55 0.05 |12.9 -1.1 2.6 -1.2

90 -4 |72 0 |50 2 |37 1 21 0 |[4.10 |-1.60[5.64 0.14 |12.9 -1.1 2.2 -1.6

95 1 79 7 53 5 |38 2 21 0 |4.00 |-1.70|5.67 0.17 |12.9 -1.1 (1.9 -1.9

98 4 |80 8 |52 4 (38 2 21 0 [4.40 |-1.30/5.60 0.10 |12.6 -1.4 1.6 -2.2
'\WB 100 90-100 40-60 25-45 10-30 2-7 STPS-2103(15) 1998 [Secondary
Design/JMF (100 98 47 30 12 5.80 6.30 15.2 4.1




3/4"  (diff.|1/2"  |(diff. |#4 diff. [#8 diff. [#30 [|diff. [#200 |diff. |[Asphalt |diff. diff. diff [Project Road
Sieve |[3/4"|Sieve |1/2"|Sieve [#4 |Sieve |#8 |[Sieve [#30 [Sieve [#200 [Content |AC |VMA VMA VTM  [VTM |Designation Year |Classification
JMF Limits {100 90-100 40-54 25-35 10-20 2-7
100 0 93 -5 |43 -4 |27 -3 |13 1 7.30 |1.50 |6.36 0.06 |15.0 -0.2 4.4 0.3
'\WB 100 90-100 40-60 25-45 10-30 2-7 +/- 0.25 +/- 1.5 +/- 1.5 STPS-2103(15) 1998 [Secondary
Design/JMF (100 98 47 30 12 5.80 6.30 15.2 4.1
JMF Limits {100 90-100 40-54 25-35 10-20 2-7 4.5 min. 13.0 min. 2.5-4.5
100 0 |95 -3 |45 -2 (27 -3 (13 1 |6.20 |0.40 |6.86 0.56 |15.9 0.7 4.4 0.3
100 0 |97 -1 |45 -2 (28 -2 (13 1 |6.30 |0.50 |6.72 0.42 |15.7 0.5 [4.1 0.0
100 0 |95 -3 |46 -1 (28 -2 (12 0 |6.10 |0.30 [6.73 0.43 |16.0 0.8 [4.6 0.5
100 0 94 -4 |45 -2 |28 -2 |12 0 |5.80 |0.00 |6.75 0.45 |16.0 0.8 4.7 0.6
100 0 95 -3 |45 -2 |29 -1 |14 2 6.70 |0.90 |6.58 0.28 |14.5 -0.7 (3.3 -0.8
100 0 |96 -2 |47 0 [29 -1 (13 1 |5.90 |0.10 |6.68 0.38 |14.9 -0.3 [3.7 -0.4
'\WB 100 97-100 45-70 25-55 15-40 2-11 STPUEV-4862(1) 1998 |Urban
Design/JMF (100 92 57 37 23 6.00 4.90 14.7 4
JMF Limits {100 97-100 50-64 32-42 18-28 3-9
100 0 100 8 61 4 140 3 25 2 |5.50 [-0.50(5.71 0.81 |15.9 1.2 |5.2 1.2
'\WB 100 97-100 45-70 25-55 15-40 2-11 STPUEV-4862(1) & 1998 |Urban
Design/JMF (100 92 57 37 23 6.00 4.90 14.7 5.2 BR-4862(2)
JMF Limits {100 97-100 50-64 32-42 18-28 3-9
100 0 |100 8 |66 9 |42 5 |24 1 |5.10 |-0.90/5.69 0.79 |17.1 2.4 6.8 1.6
100 0 |100 8 |65 8 |41 4 (24 1 |4.80 |-1.20/5.91 1.01 |18.3 3.6 (8.7 3.5
100 0 |100 8 |61 4 |40 3 [25 5.50 [-0.50(5.71 0.81 |15.5 0.8 [4.5 -0.7
\WB 100 90-100 40-60 25-45 10-30 2-7 STPURO-4302(1) 1998 (Urban
Design/JMF (100 93 51 35 21 5.00 5.60 14.8 4.1
JMF Limits {100 90-100 44-58 30-40 16-26 2-7
100 0 |95 2 |53 2 |36 1 21 0 [4.90 |-0.10/5.45 -0.15]14.5 -0.3 4.7 0.6
'\WB 100 90-100 40-60 25-45 10-30 2-7 BROS-0200(22) 1999 [Secondary
Design/JMF (100 96 53 37 17 5.0 6.00 15.9 4.7
JMF Limits {100 90-100 46-60 32-42 12-22 2-7
100 0 (98 2 |61 8 |41 4 21 4 |6.10 [1.10 [6.07 0.07 |13.3 -2.6 [2.8 -1.9
'\WB 100 90-100 40-60 25-45 10-30 2-7 IM-25-1(122)13 1999 |Interstate
Design/JMF (100 95 51 38 18 4.5 5.50 14.6 4.1
JMF Limits {100 90-100 46-60 31-41 13-23 2-7
100 0 |96 1 |57 6 |38 0 [20 2 |5.50 |1.00 |5.32 -0.18]13.8 -0.8 4.0 -0.1
\WB 90-100 60-85 40-60 25-45 10-30 2-7 NH-035-2(22) 1999 |Primary




3/4"  (diff.|1/2"  |(diff. |#4 diff. [#8 diff. [#30 [|diff. [#200 |diff. |[Asphalt |diff. diff. diff [Project Road
Sieve |[3/4"|Sieve |1/2"|Sieve [#4 |Sieve |#8 |[Sieve [#30 [Sieve [#200 [Content |AC |VMA VMA VTM  [VTM |Designation Year |Classification
Design/JMF |98 75 48 33 16 5.00 5.20 14.1 3.9
JMF Limits  [90-100 69-83 42-56 28-38 11-21 2-7
98 0 |74 -1 |47 -1 (35 17 3.90 |-1.10(5.80 0.60 |14.2 0.1 (3.8 -0.1
99 1 70 -5 |47 -1 |34 17 5.20 |0.20 |5.56 0.36 |14.0 -0.1 (3.8 -0.1
\WB 90-100 60-85 40-60 25-45 10-30 2-7 NHP-030-3(40) 1999 [Primary
Design/JMF (95 75 46 34 21 4.30 5.00 14.9 4.9
JMF Limits  [90-100 68-82 40-54 29-39 16-26 2-7
94 -1 |67 -8 |39 -7 |28 -6 (19 -2 |4.50 |0.20 [4.25 -0.75(13.3 -1.6 |5.2 0.3
\WB 90-100 60-85 40-60 25-45 10-30 2-7 SC-CFM 13-49 1999 (County Rd.
Design/JMF (100 80 47 35 17 3.50 5.20
JMF Limits  [90-100 71-85 40-54 33-43 12-22 2-7
100 0 |83 3 |55 8 [38 3 [20 3 [4.40 |0.90 [5.49 0.29
\WB 90-100 60-85 40-60 25-45 10-30 2-7 SIB-ACNHI-80-5(122) & 1999 |Interstate
Design/JMF (95 78 47 30 15 5.00 5.00 13 2.9 SIB-ACNHI-80-133(313)
JMF Limits  [90-100 71-85 40-54 25-35 10-20 2-7
100 5 |83 5 |44 -3 29 -1 (14 -1 [5.10 |0.10 [5.09 0.09 |14.8 18 4.7 1.8
'\WB 100 90-100 40-60 25-45 10-30 2-7 STPHNP-034-5(71) 1999 |Primary
Design/JMF (100 95 47 33 17 4.00 5.90 16.5 4.8
JMF Limits {100 90-100 40-54 28-38 12-22 2-7
100 0 97 2 54 7 |35 2 19 2 |5.10 (1.10 [5.81 -0.09|17.1 0.6 [6.9 2.1
100 0 96 1 54 7 |36 3 19 2 |4.70 [0.70 [5.92 0.02 |17.2 0.7 6.9 2.1
100 0 |96 1 54 7 |36 3 (19 2 |4.70 |0.70 |4.26 -1.64|14.4 -2.1 6.9 2.1
100 0 95 0 47 0 |31 -2 |17 0 |4.60 |0.60 |4.94 -0.96 |16.3 -0.2 [6.9 2.1
\WB 90-100 60-85 40-60 25-45 10-30 2-7 STPS-0711(2) 1999 [Secondary
Design/JMF (98 75 50 35 20 4.00 5.40 14.8 3.9
JMF Limits  [90-100 68-82 43-57 30-40 15-25 2-7
98 0 |67 -8 |43 -7 |33 -2 |20 0 [4.80 |0.80 [5.33 -0.0713.1 -1.7 2.8 -1.1
\WB 90-100 60-85 40-60 25-45 10-30 2-7 STPS-1604(2) 1999 [Secondary
Design/JMF (99 75 47 34 17 4.00 5.20 14.2 4
JMF Limits  [90-100 68-82 40-54 29-39 12-22 2-7
98 -1 |80 5 |51 4 (38 4 21 4 [3.70 |-0.30[5.58 0.38 |13.6 -0.6 [2.9 -1.1
\WB 100 90-100 40-60 25-45 10-30 2-7 CMP-GM-B002-00(019) 2000 [County Rd.
Design/JMF (100 94 55 37 17 4.1 5.70 14.8 4
LMF Limits {100 90-100 46-60 32-42 12-22 2-7




3/4"  (diff.|1/2"  |(diff. |#4 diff. [#8 diff. [#30 [|diff. [#200 |diff. |[Asphalt |diff. diff. diff [Project Road
Sieve |[3/4"|Sieve |1/2"|Sieve [#4 |Sieve |#8 |[Sieve [#30 [Sieve [#200 [Content |AC |VMA VMA VTM  [VTM |Designation Year |Classification
100 0 94 0 55 0 |35 -2 |16 -1 |3.30 |-0.80(6.03 0.33 |17.9 3.1 [5.6 1.6
100 0 |91 -3 |56 1 |35 -2 |16 -1 (3.80 [-0.30(5.94 0.24 |17.9 3.1 [5.6 1.6
100 0 |90 -4 |56 1 |37 0 (16 -1 (3.40 [-0.70(5.97 0.27 |18.2 3.4 6.0 2.0
100 0 97 3 59 4 |38 1 17 0 |3.90 |-0.20(5.96 0.26 |18.2 3.4 6.0 2.0
\WB 100 85-100 35-70 20-50 5-30 2-7 STP-H-ON43-02(046) 2000 |Primary
Design/JMF (100 93 43 25 10 3.7 5.00 13.8 4
JMF Limits {100 86-100 36-50 20-30 5-15 3-7
100 0 |90 -3 |51 8 (31 6 |15 5 |7.50 [3.80 |4.82 -0.18|11.5 -2.3 2.3 -1.7
\WB 100 90-100 45-70 25-55 10-30 2-11 STPP-056-1(22) 2000 |Primary
Design/JMF (100 100 56 37 19 8.1 6.10 15.9 4
JMF Limits {100 93-100 49-63 32-42 14-24 5-11
100 0 |100 0 |66 10 |44 7 |23 4 |11.00 |2.90 [5.58 -0.52|16.7 0.8 [5.9 1.9




APPENDIX C. DATA ANALYSIS OUTPUT



Aqgaregate Gradation Analysis

#200 Sieve:

Absolute Difference, |Actual — Tar get|:
Check assumptions:

Normality: NOT OK, used a Y% Transformation

Non-constant variance: OK
Independence: OK

Minitab ANOVA Table:

General Linear Model: abs #20070.25 versus QC/QA, Year, Road Class.

Fact or Type Level s Val ues
QU A fixed 2 NY
Year fixed 4 1997 1998 1999 2000
Road Cla fixed 51 I, recycle P U
Anal ysis of Variance for abs no20, using Adjusted SS for Tests
Sour ce DF Seq SS Adj SS Adj MS F P
T QA 1 0. 2098 0. 0076 0. 0076 0.06 0.809
Year 3 2. 6497 0. 6911 0. 2304 1.76 0.156
Road C a 4 2.8829 0.5604 0. 1401 1.07 0.372
QU QA* Year 3 1.1181 1.1846 0. 3949 3.02 0.031
QC/ QA*Road C a 4 0. 2605 0. 2605 0. 0651 0.50 0.737
Error 205 26.8071 26. 8071 0.1308
Tot al 220 33. 9282
Interaction Plot - LS Means for abs #200"0.25 .
&
> BN \96\ \f?‘b \,Qq '900 N \5@ R 5
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(%
S )
N AN
\/ AN
a N
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/
+ 1999
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» U
. S
r\:f,:>\)<f" ¢ P
7\7\77\7\\V<i;‘ = |recycle
® |

114

+12

T10

T 14

+12

T10

T14

T12

+ 1.0



Relevant Tukey’'s Pair-Wise Comparisons:

QA=Y

Year = 1998 subtracted from

Level Di fference SE of Adj ust ed

QC/ QA* Year of Means Difference T- Val ue P- Val ue

Y 1999 0.1266 0. 04063 3.116 0. 0429

Y 2000 0.1752 0. 04356 4.023 0. 0020

QU QA =Y

Road Cla = | subtracted from

Level Di fference SE of Adj ust ed
QC/ QA*Road d a of Means Difference T- Val ue P- Val ue
Y I, recycl -0. 0515 0. 03534 -1.458 0. 9067
Y P -0. 1567 0. 03562 -4.399 0. 0007
Y S -0. 0530 0. 05280 -1.004 0.9918
Y U -0. 2005 0.25701 -0.780 0. 9988
QU QA =Y

Road Cla = I, recycl subtracted from

Level Di fference SE of Adj ust ed
QC QA*Road d a of Means Difference T- Val ue P- Val ue
Y P -0. 1052 0. 03106 -3.386 0. 0286
Y S -0. 0015 0. 04947 -0.030 1. 0000
Y U -0. 1490 0. 25740 -0.579 0. 9999



#30 Sieve:

Absolute Difference, |Actual — Tar get|:
Check assumptions.
Normality: NOT OK, used a Y®" Transformation
Non-constant variance: OK
Independence: OK

Minitab ANOVA Table:
General Linear Model: abs no 30"0.75 versus QC/QA, Year, Road Class.

Fact or Type Level s Val ues

QA fixed 2NY

Year fixed 4 1997 1998 1999 2000

Road Cla fixed 51 I, recycle P S U

Anal ysis of Variance for abs no 3, using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj MS F P
QT QA 1 0. 069 4.733 4.733 1.89 0.171
Year 3 1.688 6. 324 2.108 0.84 0.473
Road d a 4 8. 400 10. 042 2.510 1.00 0.409
QC/ QA* Year 3 6.571 6.918 2.306 0.92 0.433
QC/ QA*Road d a 4 11. 039 11. 039 2.760 1.10 0.358
Error 204 512. 001 512. 001 2.510

Tot al 219 539. 769

Interaction Plot - LS Means for abs # 30"0.75
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#8 Sieve:

Absolute Difference, |Actual — Tar get|:
Check assumptions:
Normality: NOT OK, used a Y°® Transformation

Non-constant variance: OK

Independence: OK

Minitab ANOVA Table:

General Linear Model: no. 8"0.5 versus QC/QA, Year, Road Class.

Fact or Type Level s Val ues
QT QA fixed 2NY
Year fixed 4 1997 1998 1999 2000
Road Cla fixed 51 I, recycle P S U
Anal ysis of Variance for no. 870., using Adjusted SS for Tests
Sour ce DF Seq SS Adj SS Adj MS F P
T QA 1 2.1586 1. 2644 1. 2644 1.51 0.220
Year 3 4.6176 1. 8880 0. 6293 0.75 0.522
Road C a 4 2.8621 6. 5579 1.6395 1.96 0.102
QC/ QA* Year 3 1.9121 1. 8410 0.6137 0.73 0.533
QC/ QA*Road C a 4 5.6251 5.6251 1.4063 1.68 0.156
Error 205 171. 5904 171. 5904 0. 8370
Tot al 220 188. 7660
Interaction Plot - LS Means for abs. #8"0.5
&
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Relevant Tukey’'s Pair-Wise Comparisons:

Road Cla =1

Level
Road d a
I, recycl

cCw»nTDT

Road C a

Level
Road d a

subtracted from

Di fference
of Means
0. 44855
0. 15975
0.01274
0. 05094

recycl

D fference
of Means
-0.2888
-0. 4358
-0.3976

SE of

D fference
0.1774

0. 1357

0. 1457

0. 3561

subtracted from

SE of

Di fference
0. 1615

0. 1757

0. 3647

T- Val ue
2.52808
1.17738
0. 08747
0. 14307

T- Val ue
-1.788
-2.481
-1.090

Adj ust ed
P- Val ue
0. 0884
0. 7643
1. 0000
0. 9999

Adj ust ed
P- Val ue
0. 3834
0. 0991
0.8114



#4 Sieve:

Absolute Difference, |Actual — Tar get|:

Check assumptions:
Normality: NOT OK, used a Y®" Transformation
Non-constant variance: OK
Independence: OK

Minitab ANOVA Table:
General Linear Model: #470.75 versus QC/QA, Year, Road Class.

Fact or Type Level s Val ues
T QA fixed 2 NY
Year fixed 4 1997 1998 1999 2000
Road Cla fixed 51 I, recycle P S U
Anal ysis of Variance for no. 470., using Adjusted SS for Tests
Sour ce DF Seq SS Adj SS Adj MS F P
T QA 1 31. 253 13. 124 13. 124 3.75 0.054
Year 3 36. 303 5.017 1.672 0.48 0.698
Road C a 4 12.524 40. 038 10. 010 2.86 0.024
QT QA* Year 3 20.918 17. 269 5. 756 1.65 0.180
QC/ QA*Road C a 4 35.372 35.372 8. 843 2.53 0.042
Error 206 720. 624 720. 624 3.498
Tot al 221 856. 994

Interaction Plot - LS Means for no. 4°0.75 \z
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Relevant Tukey’'s Pair-Wise Comparisons:

Road Cla = 1,recycl subtracted from

Level Di fference SE of Adj ust ed

Road C a of Means Difference T- Val ue P- Val ue

P -0.740 0. 3302 -2.242 0. 1685

S -1.211 0. 3591 -3.373 0. 0078

U -0.753 0. 7455 -1.011 0. 8503

QL QA=Y

Year = 1998 subtracted from

Level Di fference SE of Adj ust ed

QC/ QA* Year of Means Difference T- Val ue P- Val ue

Y 1999 -0.5993 0.2101 -2.852 0. 0882

Y 2000 -0. 7508 0. 2245 -3.345 0. 0216
QA =N

Road Cla = I, recycl subtracted from

Level Di fference SE of Adj ust ed
QC/ QA*Road d a of Means Difference T- Val ue P- Val ue
N P -1.515 0. 6407 -2.365 0. 3528
N S -2.334 0.6712 -3. 477 0. 0214
N U -1.674 0.6716 -2.492 0.2791
Y | -2.474 0.7277 -3.400 0. 0273
Y I, recycl -2.516 0. 7207 -3.491 0. 0205
Y P -2.481 0.7199 -3. 447 0. 0236
Y S -2.604 0. 7460 -3.491 0. 0204
Y U -2.349 1. 5057 -1.560 0. 8656



1/2" Sieve:

Absolute Difference, |Actual — Tar get|:

Check assumptions:
Normality: NOT OK, used a Y°® Transformation

Non-constant variance: OK
Independence: OK

Minitab ANOVA Table

General Linear Model: 0.5-inch”0.5 versus QC/QA, Year, Road Class.

Fact or Type Level s Val ues
T QA fixed 2 NY
Year fixed 4 1997 1998 1999 2000
Road Ca fixed 51 I, recycle P U
Anal ysis of Variance for 0.5"70.5, using Adjusted SS for Tests
Sour ce DF Seq SS Adj SS Adj Ms F P
QI QA 1 2.383 1. 206 1. 206 0.94 0.333
Year 3 33. 603 10. 039 3. 346 2.61 0.052
Road d a 4 5. 091 2. 396 0. 599 0.47 0.759
QC/ QA* Year 3 3.191 3.222 1.074 0.84 0.474
QC/ QA*Road d a 4 3.731 3.731 0. 933 0.73 0.574
Error 206 263. 844 263. 844 1.281
Tot al 221 311. 843
Interaction Plot - LS Means for 0.5"0.5
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Relevant Tukey’'s Pair-Wise Comparisons:

LU QA=Y

Year = 1998 subtracted from

Level D fference SE of
QC/ QA* Year of Means Difference
Y 1999 -0.6787 0.1271

Y 2000 -0. 5902 0.1358

T- Val ue
-5.338
-4, 345

Adj ust ed
P- Val ue
0. 0000
0. 0006



3/4" Sieve:

Absolute Difference, |Actual — Tar get|:
Check assumptions:
Normality: NOT OK, used a Y° ®»natural log transformation
Non-constant variance: OK, after transformation
Independence: OK

***Note: One outlier was removed.

Minitab ANOVA Table:
General Linear Model: In(0.75") versus QC/QA, Year, Road Class.

Fact or Type Level s Val ues

QA fixed 2NY

Year fixed 4 1997 1998 1999 2000

Road Cla fixed 51 I, recycle P S U

Anal ysis of Variance for In(0.75", using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj Ms F P
QU QA 1 0. 400 0. 444 0. 444 0.40 0.529
Year 3 28. 691 6.719 2.240 2.00 0.115
Road Cd a 4 19. 630 1.171 0.293 0.26 0.902
QC/ QA* Year 3 2.947 3.079 1. 026 0.92 0.433
QC/ QA*Road O a 4 7.538 7.538 1.885 1.69 0.155
Error 204 227.994 227.994 1.118
Tot al 219 287. 200
Interaction Plot - LS Means for In(0.75") .
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Relevant
QA

Year

Level

QC/ QA*Ro
Y I,
Y P
Y S
Y U

QA
Road Cd a

Level

QT QA" Ro
Y P

Y S

Y U

Tukey’s Pair-Wise Comparisons:

Y
1998 subtracted from
Di fference SE of Adj ust ed
ar of Means Difference T- Val ue P- Val ue
99 -0. 6699 0.1188 -5.638 0. 0000
00 -0.7280 0.1270 -5.735 0. 0000
=Y
= | subtracted from
Di fference SE of Adj ust ed
ad da of Means Difference T- Val ue P- Val ue
recycl -0. 4143 0. 1029 -4.024 0. 0032
-0. 0959 0. 1035 -0.927 0. 9954
-0. 3052 0. 1570 -1.944 0. 6394
- 0. 5456 0. 7513 -0.726 0. 9993
=Y
= |,recycl subtracted from
Di fference SE of Adj ust ed
ad da of Means Difference T- Val ue P- Val ue
0. 3184 0. 09031 3.5254 0.0183
0.1091 0. 14735 0. 7406 0. 9992
-0.1313 0.75242 -0.1745 1. 0000



Asphalt Content Analysis

AC:

Absolute Difference, |Actual — Tar get|:
Check assumptions:
Normality: NOT OK, used a Y% Transformation
Non-constant variance: OK
Independence: OK

Minitab ANOVA Table:
General Linear Model: %AC"0.25 versus Year, QC/QA, Road Clas.

Fact or Type Level s Val ues

Year fixed 4 1997 1998 1999 2000

QT QA fixed 2NY

Road Ca fixed 51 I, recycle P S U

Anal ysis of Variance for %AC*. 25, using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj Ms F P
Year 3 1. 05314 0. 07252 0. 02417 0.49 0.690
QU QA 1 0. 03599 0. 00872 0. 00872 0.18 0.675
Road d a 4 0. 24617 0. 31767 0.07942 1.61 0.174
QT QA*Road d a 4 0.17623 0.13488 0. 03372 0.68 0.605
Year *QC/ QA 3 0.07581 0. 07581 0. 02527 0.51 0.675
Error 207 10. 22793 10. 22793 0. 04941
Tot al 222 11. 81527
Interaction Plot - LS Means for abs. AC"0.25
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Relevant Tukey’'s Pair-Wise Comparisons:

Year = 1998

QC/ QA = Y subtracted from
Level Di fference
Year *QC/ QA of Means
1999 N -0. 0282
1999 Y -0. 0512
2000 N -0. 0846
2000 Y -0.1031
Year = 1999

QC/ QA = Y subtracted from
Level Di fference
Year *QC/ QA of Means
2000 N -0. 03337
2000 Y -0. 05186

SE of

Di fference
0. 07854

0. 02494
0.16615

0. 02667

SE of

Di fference
0.16494
0.01747

T- Val ue
-0. 359
-2.055
-0.509
- 3. 866

T- Val ue
-0.202
-2.968

Adj ust ed
P- Val ue
1. 0000

0. 4479
0. 9996
0. 0037

Adj ust ed
P- Val ue
1. 0000

0. 0648



Asphalt Mixture Characteristic Analysis

VMA:

Absolute Difference, |Actual — Tar get|:
Check assumptions:
Normality: NOT OK, used a Y°® Transformation
Non-constant variance: OK
Independence: OK

Minitab ANOVA Table

General Linear Model: %VMA”0.5 versus QC/QA, Year, Road Class.

Fact or Type Level s Val ues
T QA fixed 2 NY
Year fixed 4 1997 1998 1999 2000

Road Ca fixed 51 I, recycle P S U

Anal ysis of Variance for WMA"0.5, using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj MS F P
QU A 1 0. 3604 0. 1929 0.1929 0.44 0.510
Year 3 4.0841 0. 7602 0. 2534 0.57 0.633
Road O a 4 5. 2538 0. 5466 0.1366 0.31 0.872
QC/ QA* Year 3 0. 7360 0. 5707 0. 1902 0.43 0.731
QC/ QA*Road d a 4 0. 5929 0. 5929 0. 1482 0.34 0.854
Error 206 91. 0277 91. 0277 0. 4419

Tot al 221 102. 0549
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Relevant Tukey's Pair-Wise Comparisons:

QI QA =Y

Road Cla = | subtracted from
Level Di fference
QC/ QA*Road C a of Means
Y I, recycl 0. 02573
Y P 0.19278
Y S 0.10156
Y U 0. 05530

SE of

D fference
0. 06524

0. 06439

0. 09953
0.47233

T- Val ue
0. 3944
2.9937
1. 0204
0.1171

Adj ust ed
P- Val ue
1. 0000
0. 0882
0. 9907
1. 0000



VTM:

Absolute Difference, |Actual — Tar get|:
Check assumptions:

Normality: OK

Non-constant variance: OK

Independence: OK

Minitab ANOVA Table:
General Linear Model: abs. VTM versus QC/QA, Year, Road Class.

Fact or Type Level s Val ues
QT QA fixed 2NY
Year fixed 4 1997 1998 1999 2000
Road Cla fixed 51 I, recycle P U
Anal ysis of Variance for abs. dif, using Adjusted SS for Tests
Sour ce DF Seq SS Adj SS Adj Ms F P
QI QA 1 0. 022 1.138 1.138 0.70 0.404
Year 3 1. 905 2.468 0. 823 0.51 0.678
Road d a 4 39. 565 3.488 0. 872 0.54 0.709
QT QA* Year 3 1. 202 1.463 0. 488 0.30 0.825
QC/ QA*Road d a 4 6.428 6. 428 1. 607 0.99 0.414
Error 206 334. 688 334. 688 1. 625
Tot al 221 383. 810
Interaction Plot - LS Means for abs. diff VTM
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Relevant Tukey’'s Pair-Wise Comparisons:

| subtracted from

T QA =Y
Road Ca =
Level

QC QA*Road Cd a
Y I, recycl
Y P

Y S

Y U

A =Y
Road Cla = 1, recycl
Level

QC QA*Road d a
Y P

Y S

Y U

D fference
of Means
-0.01187

0. 45477
0. 41579
0.11972

subtract ed

D fference
of Means
0. 4666
0.4277

0. 1316

SE of
Di fference
0.1251
0.1235
0. 1909
0. 9057

from

SE of
Di fference
0.1111
0.1818
0. 9075

T- Val ue
-0.09483
3. 68294
2.17842
0.13219

T- Val ue
4, 2019
2.3522
0. 1450

Adj ust ed
P- Val ue
1. 0000
0. 0108
0. 4750
1. 0000

Adj ust ed
P- Val ue
0. 0016
0. 3604
1. 0000
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