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PREFACE

This manual has been prepared as a practical guide for asphalt technicians in the construction and inspection of
asphalt pavements. It is intended to serve as a basic introduction to asphalt construction for the new technician as well
as a reference source to those with considerable experience. While it is fully recognized that this manual alone cannot
make a person a totally competent asphalt technician, it should provide the basic knowledge and direction for one truly
interested in becoming qualified, to do so.

The terms “technician”, “inspector”, and “contractor” are used throughout the manual. Generally, when
reference is made to the technician, both the Contractor's representative and the agency's (NCDOT) representative are
implied. Where reference is made to either the “inspector” or the “contractor”, then either the agency's (NCDOT) or
the contractor's representative, respectively, are specifically implied. The term “Department Personnel” is utilized
throughout this manual. Historically, all construction inspection has been performed by NCDOT technicians; however,
due to increasing work load and a decreasing number of construction technicians, the Department is utilizing private
engineering firms to perform a portion of the construction inspection. Therefore, when reference is made to
“Department Personnel”, this refers to either an individual working for the NCDOT or an appointed representative of
the Department.

The requirements stated herein may be revised or amended from time to time by Supplemental Specifications,
by Standard Special Provisions which are unique to a select group of projects, or by Project Special Provisions which are
unique to the specific bid proposal or contract.

In this manual only masculine pronouns are used in reference to technicians, inspectors and contractors. This
convention is used for the sake of brevity and is intended to refer to persons of either sex and corporate entities.
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of Asphalt Pavements in a cost-effective manner through
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MAJOR CHANGES FOR QMS MANUAL

Section 1: Quality Management System (QMS) for Asphalt Pavements
Page No. Subsection | Change
Various Various Editorial/Formatting changes to clean-up tables, charts, figures, and equations.
1-8 1.3.8 Replaced Certification prerequisite graphic with simple table.
1.9 142 Clarified that Notification goes to Technician’s Supervisor from Engineer whenever an
unauthorized postponement of a scheduled assessment occurs.
1-10 1.4.7 Rewrote section to reflect allowance of optional same-day reassessment.
1-11 1.5 Added new section covering Fraud and Ethics requirements.
1-13 1.5 Added full copy of FHWA Form-1022.
Section 2: Materials Used In Asphalt Paving
Page No. Subsection | Change
Various Various Editorial/Formatting changes to clean-up tables, charts, figures, and equations.
Section 3: Asphalt Pavement Design
Page No. Subsection | Change
Various Various Editorial/Formatting changes to clean-up tables, charts, figures, and equations.
Section 4: Asphalt Mix Design and Job Mix Formulas
Page No. Subsection | Change
Various Various Changed AASHTO standards designations to appropriate NCDOT Test Methods numbers.
4-5 4.4.6 Added VTM requirement (5.0% * 0.5%) for S4.75A rut specimens.
4-8 4.6 Added 4.75mm Aggregate Gradation Criteria to Table 610-2.
4-9 4.6 Added S4.75A mix to Table 610-3, Superpave Mix Design Criteria.
Section 5: Asphalt Plant Equipment and Requirements
Page No. Subsection | Change
Various Various Editorial/Formatting changes to clean-up tables, charts, figures, and equations.
Section 6: Asphalt Plant Operations
Page No. Subsection | Change
Various Various Editorial/Formatting changes to clean-up tables, charts, figures, and equations.
Section 7: Asphalt Mixture Sampling and Testing
Page No. Subsection | Change
Various Various Editorial/Formatting changes to clean-up tables, charts, figures, and equations.
Various Various Changed AASHTO standards designations to appropriate NCDOT Test Methods numbers.
7-2 7.2.1 Moved Infrared Thermometer to Equipment List required for ALL Labs.
7-2 7.2.1 Combined Hot Plate + Frying Pan and Electric Skillet into one optional item.
7-2 7.2.1 Deleted Glass Jar as Rice test vacuum container item.
7-3 7.2.1 Added verbiage: “OR Acceptable Alternate” to Quartering Template item.
7-3 7.2.1 Reworded item for “Metric Ruler” to “Ruler”.
7-5 7.2.2 Deleted water tank temperature requirement — should not be in Calibration listing.
7-5 7.2.2 Reworded title: “Vacuum Pump(s) and Rice Gravity System”
7-5 7.2.2 Added Verification of Rice pycnometer weights to calibration list.
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7-7 7.2.2 Added Verification of Rice pycnometer weights to calibration table.

7-12 7.3.1 Added “night shift” to times when QC should notify QA Supervisor of ongoing production.

7-12 7.3.1 Deleted “verification” from samples description. QA may pick up other sample types.
7-13-7-14 7.3.1 Updated Random Numbers table.

7-16 7.3.2 Added required frequency for RAP and RAS stockpile testing.
7-17 - 7-18 7.4.2 Added restriction limiting changes in Virgin & Recycled Binder adjustments.

7-19 7.4.3 Added sentence stating that Moving Averages are re-started at the beginning of each CY.

7-23 7.5.4 Clarified language for sampling shovel to indicate only 2 options.

7-25 7.5.7 Clarified language to allow “approved tool” for dividing sample portions.

7-26 7.5.9 Clarified language to allow “approved tool” for dividing sample portions.

7-26 7.6 (table) | Changed AASHTO standards designations to appropriate NCDOT Test Methods numbers.
7-27 - 7-28 7.7.2 Updated Oven temperature capability requirements. (120 - 350°F)
7-28 —7-29 7.7.3 Updated test temperature requirements for drying of aggregate samples. (220 - 325°F)
7-28 —7-29 7.7.3 Updated temperature requirements for cooling of aggregate samples. (120°F or less)

7-30 7.8.2 Updated Oven temperature capability requirements. (120 - 350°F)

7-30 7.8.4 Updated test temperature requirements for drying of aggregate samples. (220 - 325°F)

7-30 7.8.4 Updated temperature requirements for cooling of aggregate samples. (120°F or less)

7-31 7.9.2 Updated Oven temperature capability requirements. (120 - 350°F)

7-31 7.9.3 Updated temperature requirements for cooling of aggregate samples. (120°F or less)

7-32 7.9.4 Updated test temperature requirements for drying of aggregate samples. (220 - 325°F)

7-32 7.9.4 Deleted duplicate language on agitation of sample.

7-32 7.9.4 Added language prohibiting decantation of sample into #200 sieve.

7-32 7.9.4 Added language limiting agitation by mechanical aggregate washer to 10 minutes.

7-32 7.9.4 Added language clarifying that final weight taken is the “Pan Weight”.

7-34 7.10.2 Added language clarifying parts of Specimen Basket Assembly and combined items.

7-34 7.10.2 Updated Oven temperature capability requirements. (120 - 350°F)

7-34 7.10.3 Updated test temperature requirements for reheating of mix samples. (220 - 325°F)

7-35 7.10.3 Added language clarifying Assembly should include lid and guards.

7-35 7.10.3 Changed “at least yearly” to “annually”.

7-36 7.10.4 Updated test temperature requirements for drying of RAP/RAS samples. (220 - 325°F)

Clarified steps for placing basket assembly into furnace and checking of assembly weight
7-37 7.10.4 :
BEFORE starting furnace.

7-37 7.10.4 Updated temperature requirements for cooling of samples. (120°F or less)

7-38 7.11.2 Combined items for Gyratory Compactor requirements.

7-38 7.11.2 Combined items for Gyratory Mold & Ram Head requirements.

7-38 7.11.2 Updated Oven temperature capability requirements. (120 - 350°F)

7-38 7.11.2 Added Digital Thermometer to Equipment list.

7-38 7.11.2 Added Paper Discs to Equipment list.

7-38 7.11.2 Added Extruder to Equipment list.

7-38 7.11.3 Edited Table showing Mix Sample Compaction temperatures.

7-39 7.11.4 Changed temperature range for heating of gyratory molds. (300 + 25 °F)

7-40 7.12.2 Added Water Aspirator to Equipment list.

7-40 7.12.2 Added Water Trap to Equipment list.

7-40 7.12.2 Removed “T” connector from Equipment list.

7-41 7.12.2 Updated requirements for suspension wire.

7-41 7.12.2 Updated Oven temperature capability requirements. (120 - 350°F)

7-41 7.12.2 Added Temperature Chart Recorder to Equipment List.

7-41 7.12.3 Changed minimum weight of sample from 2500 to 2000 grams. (119.0X & B25.0X mixes)

7-41 7.12.3 Deleted requirement for plant-produced mix to be dried to constant weight.

7-42 7.12.4 Removed Glass Flask from procedure.

7-42 7.13 Created separate section for Maximum Specific Gravity — Vacuum Sealing Method.

7-43 7.13.2 Updated requirements for suspension wire.

7-43 7.13.2 Updated Oven temperature capability requirements. (120 - 350°F)
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7-43 7.13.2 Added Temperature Chart Recorder to Equipment List.
7-44 7.13.3 Deleted requirement for plant-produced mix to be dried to constant weight.
7-44 7.13.4 Added required step for setting Vacuum Chamber to proper Manufacturer settings.
7-45 7.14.2 Updated requirements for suspension wire.
7-45 7.14.2 Added Core-Drying Apparatus to Equipment list.
7-45 7.14.2 Updated Oven temperature capability requirements. (120 - 350°F)
7-45 7.14.2 Added Temperature Chart Recorder to Equipment List.
7-46 7.14.5 Increased time limit for toweling SSD specimen from 15 to 25 seconds.
7-46 7.15 Created separate section for Bulk Specific Gravity — Vacuum Sealing Method
7-46 7.15.2 Updated requirements for suspension wire.
7-47 7.15.2 Added Core-Drying Apparatus to Equipment list.
7-47 7.15.2 Updated Oven temperature capability requirements. (120 - 350°F)
7-47 7.15.2 Added Temperature Chart Recorder to Equipment List.
7-48 7.15.5 Added required step for setting Vacuum Chamber to proper Manufacturer settings.
7-49 — 7-52 7.16 Clarified that TSR Specimen VTM requirement is for ALL mix types (including S4.75A).
7-52 7.16 Updated testing temperatures to match current practices.
7-55 7.18.1 Updated and reformatted Significant Decimals table.
7-62 7.20.2 Changed Verification Sample size to minimum of 100 Ibs.
Section 8: Recycling of Asphalt Pavements
Page No. Subsection | Change
Various Various Editorial/Formatting changes to clean-up tables, charts, figures, and equations.
Section 9: Roadway Paving Operations
Page No. Subsection | Change
Various Various Editorial/Formatting changes to clean-up tables, charts, figures, and equations.
9-11 9.5.1 Clarified language describing correct core drill bit size.
9-11 9.5.1 Added Diesel to prohibited materials to be used as release agent.
Added language prohibiting any onboard systems that allow Diesel from truck tank to be
9-11 9.5.1
sprayed on the truck bed as release agent.
9-11 9.5.1 Updated language on Truck Tarps to match latest Specification language.
9-15 9.5.1 Updated language for better grammar.
9-28 9.8 Added Diesel to prohibited materials to be used as release agent for rollers.
Section 10: Roadway Inspection and Testing of Asphalt Pavements
Page No. Subsection | Change
10-10 10.3.3 Added note concerning new Small Quantities Density Acceptance provisions.
10-13 10.3.4(table) | Changed AASHTO standards designations to appropriate NCDOT Test Methods numbers.
10-15-10-24 10.3.6 Updated Random Numbers table.
10-27 10.4.5 Removed statement preferring same equipment for Control Strip and pavement.
10-51 10.7.2 Reworded section to make clear that DR-core comes from same test section as V—core.
10-52 10.8.2 Added New Provisions describing Small Quantities Density Acceptance Process.
10-54 10.9 Updated language for testing during Limited Production for Density.
Section 11: Pavement Smoothness / Rideability
Page No. Subsection | Change
Various Various Editorial/Formatting changes to clean-up tables and figures.
Section 12: Records and Reports
Page No. Subsection | Change
Various Various Editorial/Formatting changes to clean-up text.
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SECTION 1
QUALITY MANAGEMENT SYSTEM (QMS) FOR ASPHALT PAVEMENTS

1.1 GENERAL

Section 609 of the NCDOT Standard Specifications and all applicable Project or Standard Special Provisions
provide for Quality Control and Quality Assurance of asphalt pavements by use of a Quality Management System (QMS).
The basic concept of this process is that the Contractor performs adequate testing and inspection to insure a quality
asphalt pavement and the Department performs adequate testing and inspection to insure that the Contractor’s results
are accurate. This system requires both the Department and the Contractor to have technicians that are competent in
production, construction, testing, and inspection of asphalt pavements. The general idea is for the Contractor to perform
the necessary tests and inspection to insure the likelihood that all mix meets the Specifications instead of “after-the-fact”
testing to see if it does meet the Specifications. This approach gives the Contractor much more control over his total
operations. He is responsible for his product from the design of the mix to the final acceptance of the pavement. The
Department simply monitors his process to be sure that what he is doing is adequate and accurate; and, then performs
independent testing to verify the quality of the end product.

The Contractor’s responsibility under the QMS process is referred to as Quality Control (QC). The Department’s
responsibility under the QMS process is referred to as Quality Assurance (QA). The Contractor is responsible to provide
competent personnel to perform his quality control and the Department is responsible to provide competent personnel
to perform their quality assurance. The requirements and details of certification for these personnel to perform the
QC/QA work is given in Sections 1.3.6 and 1.3.7.

The requirements for the Contractor’s QC sampling and testing are contained in Section 609 of the Specifications
and Section 7. The frequency of these activities may vary with the process and the materials. When test results vary from
the design and/or specifications, changes to the process shall be made. The frequency of the appropriate QC activities
shall be increased until the proper conditions have been restored. The Department’s minimum frequency requirement
for QA sampling and testing is specified in Section 609-6 of the Standard Specifications and is covered in detail later in this
manual.

The Contractor may utilize innovative equipment or techniques not addressed by the specifications or these
provisions to produce or monitor the production of the mix, subject to approval by the Department's Asphalt Design
Engineer.

QMS is a total process that encompasses the Contractor’s mix design, the QC testing and inspection, and the
Department’s quality assurance and acceptance of the Contractor’s process and procedures. Each of these aspects of the
total process will be addressed in detail later in this manual. While all of these are very important, the real success of this
program is that the Contractor and the Department carry out every aspect of the process such that a quality asphalt
pavement is the final product.

1.2 CONTRACTOR'S QUALITY CONTROL PLAN

The Contractor will not be required to submit a written quality control plan to the Department; however, the
Contractor, at a minimum, shall perform all quality control activities required by the specifications as well as accepted
asphalt industry quality control practices and procedures.

13 ASPHALT QMS TECHNICIAN QUALIFICATIONS AND CERTIFICATIONS

1.3.1 General

The technician's role is extremely vital in every road construction project, especially in asphalt construction. He
has the job of ensuring that the pavement design as described in the plans and specifications produces a strong, durable,
and reliable pavement on the roadway. The technician's job is one that demands knowledge, awareness, keen observa-
tional skills, and diplomacy. Itis among the toughest jobs in the construction industry.

Most road and highway construction in North Carolina is performed under contract. One party (the Contractor)
agrees to perform certain work that meets specified standards. In return for this work, the Contractor is paid by the other
contractual party (the owner) who is often a local, state or federal government agency. The contract between Contractor
and owner includes plans and specifications that must be followed during pavement construction and be met by the
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finished product. Whether or not these requirements are fulfilled determines the quality level of the finished pavement
and how well the pavement will serve the public.

Because asphalt pavement construction is often complex, plans and specifications are often detailed and lengthy.
Ensuring that the plans are followed precisely demands the owner and the Contractor have an agent acting as their eyes
and ears, and who is on-hand throughout the construction process. That agent is the asphalt technician. It is the
technician's duty to see that construction operations produce the results called for by the plans and specifications. In this
capacity, both the DOT's technician and the Contractor's technician have certain areas of responsibility to identify
deviations from project specifications and to see that they are corrected immediately. In any case, neither technician has
the authority to change or modify the contract or specifications.

Knowledge is the path every technician must follow to improve his performance and capability. Whether a
technician is new to the job or seasoned, his learning never stops. New developments that affect his job are constantly
appearing. Additionally, every technician needs to refresh his knowledge periodically and to brush up on procedures that
are used infrequently. This manual is a good source of refresher information, as well as a basic text for training the new
asphalt technician.

A manual alone, however, is not enough. It must be used in conjunction with other learning tools. The most
effective learning tool is on-the-job training. The job site is where things are happening that a technician must know. It is
the ideal place to observe, to ask questions, to get answers. On the job, the new technician develops inspection skills
first-hand and discovers what occurs during asphalt mix construction and why certain methods achieve certain results.
Combined with this course of instruction, on-the-job training provides the technician with the necessary tools to carry out
his duties and responsibilities.

1.3.2  Purpose of Inspection and Testing

The purpose of inspecting and testing asphalt construction is to ensure the quality of the work meets project
requirements and specifications. To accomplish this, the asphalt technician must be familiar with the parts of the
construction contract that apply to his job.

The contract is the agreement between the owner or contracting agency and the Contractor. It states the
obligations of both parties, including labor, materials, performance and payment. While there are many documents that
make up the construction contract, the technician is concerned primarily with the plans and specifications. Together,
plans and specifications explain requirements that the Contractor must fulfill to build a satisfactory pavement and get
paid in full for his work.

Plans are the contract documents that show the location, physical aspects, details and dimensions of the work.
The plans include layouts, profiles, cross-sections and other details.

Specifications are the written technical directions and requirements for the work; also, the standard
specifications and the special provisions complement the plans by providing instructions that are not specifically indicated
on the drawings. Specifications are the means of communication among the designer, the Contractor, and the technician.
Specifications include Standard Special Provisions and Project Special Provisions, which simply are revisions to the
specifications.

1.3.3 DOT Technician's Authority

The Division Engineer or project Resident Engineer assigns the DOT’s technicians, and their authority is stated in
the Standard Specifications under Duties and Authority of the Inspector (Article 105-10). The Technician assists the
Engineer in determining that the work done and the materials used meet contract requirements. The Technician has the
authority to reject defective materials and to advise the Contractor that payment will be withheld for work that is being
done improperly. The Engineer may delegate additional authority to him; however, the Technician is not authorized to
make any final acceptance of the work. The technician is generally responsible to ensure that the contractor is utilizing
good construction practices in order to deliver a satisfactory product at a reasonable cost.

1.3.4 DOT Technician's Relationship with Contractor

It is required by the Specifications that a preconstruction conference be held between the inspection and
engineering personnel of the owner and the Contractor's supervisory personnel. At such a meeting the plans and
specifications are reviewed, material deliveries and construction techniques discussed, traffic control procedures agreed
upon, specific project responsibilities and lines of authority defined, and any other necessary items that may have a
bearing on the project are discussed.

One of the most important aspects of the technician's job is his relationship with the Contractor. This
relationship affects the management of the project. A good personal rapport assists the Technician in resolving problems
that might arise. When dealing with the Contractor and his personnel, the Technician should be friendly, but he must be
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firm and impartial in making decisions. If the Technician experiences difficulties with the Contractor, he should
immediately inform the Engineer.

The Technician will assist himself, as well as the Contractor, by trying to understand the project from the
Contractor's point of view. The Technician is primarily interested in quality (how good the pavement is); the Contractor is
primarily interested in quantity (how much pavement is placed in a given time). Under no condition should the
Technician permit a reduction in quality in the interests of quantity. However, as long as pavement quality is maintained,
the Technician should assist the Contractor's efforts to place asphalt mix as efficiently as practical and within
specifications.

The Technician has the obligation to influence the construction process so that the best possible roadway is
constructed. He cannot simply take a passive role when observing a problem. He must be willing to help solve it. For
example, after observing a particular situation, the Technician may be able to suggest a change in procedures that could
improve the quality of the work while increasing the efficiency of the operation. Such a suggestion benefits both the
Contractor and the Department of Transportation.

When offering assistance in solving problems, however, the Technician must be careful to avoid involving himself
in the supervision of construction. He should avoid giving the impression that he wants to control the work, and he must
never issue an order to the Contractor's workers. Assuming supervision of the work puts the Technician in the
undesirable position of judging the quality of work by means that he dictated.

1.3.5 Qualifications of QC and QA Technicians

The personal attributes required of a technician go beyond those expected of an ordinary workman. The
technician must be honest. He must conduct himself in a fair and straightforward manner. While under stress, he must
be able to maintain his composure and make good decisions. He must have keen common sense for making competent
decisions. He must be frank and sincere in his relationships with people and must be a skilled diplomat, able to handle
tough situations without arousing hostility. Above all, he must be observant and be capable of keeping good records.

Some technical study and construction experience is helpful. As a minimum, however, the technician must be
able to perform accurate mathematical calculations and should be familiar with the fundamentals of engineering
equations. It is essential that he knows how to read and understand plans, specifications and other contract documents
in order to understand requirements of the work. Although not responsible for the design of roadways, the technician
should understand the basic engineering principles involved. He should be familiar with the characteristics of materials
and know the principles of material testing, including the interpretation of test results.

The technician must have specialized knowledge pertaining to his particular job. For example, a plant technician
must have a thorough working knowledge of asphalt plants, but he must also have a broad general knowledge of asphalt
materials, production, and construction procedures. Practical experience with asphalt mix production, roadway
construction, and asphalt laboratory testing is a valuable asset.

If all the qualifications of a technician could be reduced to four, they would be: (1) knowledge, (2) common
sense, (3) observational skills, and (4) courtesy. The basic summary of each is presented below.

(1) Knowledge--The technician must know about the work that he is inspecting. He should be familiar with
materials, equipment and asphalt pavement construction procedures. The more knowledgeable a
technician is, the better prepared he is to perform his duties.

(2) Common Sense--A good technician must have abundant common sense. While common sense is no
substitute for knowledge, it is the means of interpreting the specifications to properly enforce their intent.
Common sense grows out of knowledge, but it cannot be learned out of a book.

(3) Observational Skills--A technician can act only on what he observes. What is not seen is missed. Thus, it is
important not only for a technician to look carefully at everything going on around him, but also to see what
he looks at. "Seeing" in this context means thinking carefully about what the eyes observe. Without seeing,
a technician can observe an incorrect condition and not realize it.

(4) Courtesy--A major part of the technician's job is to inform others when unsatisfactory conditions exist or
when the specifications are not being met. Both parties expect valid criticism and objections from the
other, yet the manner of presenting comments can often become the source of poor relations between
Contractor and technician. Experience shows that it is not what is said, so much as the way it is said that is
important. Gruff, bossy and sarcastic comments are unacceptable from any technician, even if given in
answer to aggravating remarks from others.

Once Contractor-DOT relations deteriorate, the work suffers. Since the technician's primary concern is to
preserve the quality of the work, he should show common courtesy at all times, even when tempted not to do so.
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Although desired qualities for prospective technicians can be listed, the bottom line is this: To do a professional job, the
technician must want to do a good job, know how to do it, and go about it in a manner that contributes favorably to the
project.

1.3.6 QMS Technician Requirements

On Quality Management System projects, all asphalt plant mix testing technicians (both Contractor & DOT) are
required to be certified through the Department's current Asphalt Technician Certification Program. All plant technicians
(both Contractor and DOT) must be certified as Plant technicians. Certified QMS Level | Plant Technicians are testing
personnel and are required to be at the plant site at all times during production of material for the project. A plant
operator who is a certified Asphalt Plant Technician Level | may be utilized to meet this requirement when daily
production for each mix design is less than 100 tons (100 metric tons) provided the randomly scheduled increment
sample as defined in Sub-article 609-5(C)2 is not within that tonnage. When performing in this capacity, the plant
operator will be responsible for all quality control activities which are necessary and required. Absences of the Level |
Technician, other than those for normal breaks and emergencies must be pre-approved in writing by the appropriate QA
Supervisor or his designated representative(s). Any extended absence of the Technician that has not been approved will
result in immediate suspension of production by the Engineer. All mix produced during an unexcused absence of the
Level | technician will be accepted in accordance with Article 105-3 of the Specifications. The Contractor is also required
to have readily available (on-call) a QMS Level Il Plant Technician responsible for making process control adjustments and
solving mix problems. He must be located such as to be able to respond to all plant mix problems in a timely manner.
The Department will have at least one certified QMS Level Il Plant Technician on its' Quality Assurance (QA) team as well
as several Level | Technicians. Either a QC or QA Level Il Technician may also function as a Level | Technician, in which
case he/she would fulfill the requirements for both the Level | and Il technicians.

All Roadway Technicians are required to be certified through the Department’s current certification program.
The Contractor is required to have at least one certified roadway technician on the project at all times during normal
laydown operations. This person is responsible for monitoring all roadway paving operations and all quality control
processes and activities, to include stopping production or implementing corrective measures when warranted. The
Contractor’s technician(s) must meet the same requirements as DOT personnel and will be certified by the same
certification program. A certified DOT Roadway Technician will also be on-site at all times during paving operations.

The Department's Certification Program for QMS plant and roadway technicians is managed by the Materials and
Tests Unit's Asphalt Laboratory. This section will maintain a listing of all plant and roadway QMS personnel certified by
NCDOT. This listing will be maintained in an internal computer database (HiCAMS).

The Asphalt Laboratory may be contacted at (919) 329-4060 for further instructions on how to access this
information. This listing may be used to verify certification of personnel working on QMS projects.

It is required that both DOT and Contractor Density Gauge Operators be certified through the Department’s
current QMS Density Gauge Technician’s Program. The Department’s Certification Program for QMS Density Gauge
Technicians is managed by the Soils Engineer of the DOT M&T Unit. The Soils Engineer will maintain a listing of all
certified QMS Density Gauge Technicians and may be contacted at (919) 329-4150 for verification of these. This listing
will also be maintained in a computer database, and is accessible via the NCDOT’s Materials & Tests website.

The QMS Specification requires that the Contractor design his own asphalt mixes. He may do so by use of his
own personnel or by hiring an approved company to do it for him. Whichever the case, any technician performing mix
designs for use on NCDOT specification projects must be certified through the Department’s current mix design
certification program. This certification program is managed by the Asphalt Design Engineer of the Department’s
Materials and Tests Unit. The Asphalt Design Engineer may be contacted at (919) 329-4060 for verification of a
technician’s mix design certification.

An organizational chart, including names, telephone numbers, and current certification numbers of all the
Contractor's personnel responsible for the quality control program shall be posted in the Contractor's laboratory while
the asphalt paving work is in progress.

1.3.7 NCDOT Asphalt Technician Certification Program
1. General

The certification of asphalt technicians is a program by which it can be reasonably assured that both the DOT's
quality assurance personnel and the Contractor's quality control personnel are knowledgeable and qualified to perform
the required sampling, testing and inspection of asphalt mixtures and pavements. Certification will also include a general
knowledge of the techniques and equipment used in the construction of asphalt pavements, including asphalt plant
operations, placement operations and compaction operations. Under the NCDOT program, a technician may be certified
in either mix design techniques, plant operations, roadway operations, density gauge operations, or all of these.
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Certification in either area will include some overlap into the other area. For example, a certification in plant operations
will include a basic knowledge and understanding of roadway procedures, etc. This is required since it can be readily seen
that proficiency in one area requires some general knowledge of the overall operation.

The certification program will be operated on a continuing basis. There will be classes and examinations
scheduled throughout each year. In addition, there will be an “on-the-job” training program for Level | plant & roadway
technicians. The Asphalt Design Engineer will provide applications for and maintain a master training schedule of all
related classes. Both the applications and schedule may be downloaded from the Materials and Tests Unit’s web site
located at the following web address:

https://connect.ncdot.gov/resources/Materials/Pages/QMSAsphaltTrainingSchool.aspx

Enrollment procedures for these training classes are included at the end of this Section. All certifications will generally be
effective for four years beginning from the date of passing the certification test and then must be renewed. Details for
renewal of certifications are covered later in this section.

2. Types of Certifications
Listed next are the different types of certifications related to asphalt pavements and a basic job description for
each. As mentioned previously, a technician may be certified as any one or more of these, or possibly all of these. As
noted in the prerequisites listed later, some certifications require a lower level certification before advancement to the
next level of certification.

A. QMS Certifications

1. QMS Level | Plant Technician - A Technician trained and competent in testing and inspection of asphalt
mix at the plant.
2. QMS Level Il Plant Technician - A Technician trained and competent in making mix adjustments and

solving asphalt mix problems.

3. QMS Mix Sampling Technician - A Technician trained and competent in sampling of asphalt mix at the
plant.

4. QMS Roadway Technician - A Technician trained and competent in roadway laydown, compaction,
and density procedures.

5. QMS Density Gauge Operator - A Technician trained and competent in the use of a density gauge in
accordance with the QMS specification.

6. Mix Design Technician - A Technician trained and competent in the area of asphalt mix design
procedures.

B. QMS Certification Requirements

The basic requirements for these five types of certifications are listed as follows:

A. QMS Level | Plant Technician
1. Prerequisite(s): Introduction to Asphalt Pavements Course with Passing Exam.
2. Training:

Step 1: Level | Plant Technician OJT Program (See Section 12 for the QMS-3 checklist with
instructions)
Step 2: Level | Plant Technician Class with Passing Exam

3. Experience Requirement: Minimum 10 working days per OJT Program *
B. QMS Level Il Plant Technician
CURRENT LEVEL | PLANT TECHNICIAN
1. Prerequisite(s): Minimum of 1 year‘s experience as Level | Plant Technician
2. Training:

Step 1: Approved Mix Design Course with Passing Exam
Step 2: Level Il Plant Technician Class with Passing Exam
3. Experience Requirement: One (1) year as Level | Technician or Equivalent
Experience as Determined by Asphalt Design Engineer.
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C. QMS Mix Sampling Technician
1. Prerequisite(s): None
2. Training:

Step 1: Attend | Day Training Class
Step 2: Pass Written Exam and Complete Hands on Training

D. QMS Roadway Technician
1. Prerequisite(s): Introduction to Asphalt Pavements Course with Passing Exam.
2. Training:

Step 1: Roadway Technician OJT Program (See Section 12 for the QMS-5 checklist with
instructions)
Step 2: Roadway Technician Class with Passing Exam
3. Experience Requirement: Minimum 10 working days per OJT Program **

* In lieu of the 10-day minimum training and the minimum requirements in Parts II, lll and IV of the OJT Checklist, a
current asphalt plant mix testing certification from another State or other approved testing agency may be substituted. In
this case, a copy of the certification shall be attached to the back of the OJT checklist. In addition, the OJT technician must
perform one repetition of all requirements in Parts II, lll, and IV in the presence of a certified plant technician prior to the
check off by a final review technician. All other requirements of this OJT checklist shall be completed as specified.

** In lieu of the 10-day minimum training, either of the following may be substituted: 1) a current roadway paving
certification from another state or other approved testing agency, or 2) Certification verifying a minimum of 1 year
asphalt roadway paving experience from a supervisor who has direct knowledge of the applicant's roadway paving
experience. In either case, the appropriate certification shall be attached to the back of the OJT checklist and included
with the class application package. All other requirements of the OJT checklist shall be completed in full as specified,
including the Final Review Check off by an Approved Final Review Technician.

E. QMS Density Gauge Operator
1. NCDOT TECHNICIANS
a.  Prerequisite(s): NCDOT Nuclear Safety Training Course
b.  Training: QMS Density Gauge Technician Course with Passing Exam.
c.  Experience Requirement: "Hands-on" QMS training after completion of class.
2. NON - NCDOT TECHNICIANS
a.  Prerequisite(s): Nuclear Safety Training Course
b.  Training: QMS Density Gauge Technician Course with Passing Exam.
c.  Experience Requirement: "Hands-on" training after completion of class.

F. Mix Design Technician
1. Prerequisite(s):
(a) QMS Level | or Il Technician OR
(b) Completion of the Level | OJT Program and Enrollment in a Level | Class OR
(c) Equivalent Experience as Determined by the Asphalt Design Engineer.
(d) Completed Aggregate Consensus Properties Checklist

2. Training:
Step 1: Approved Mix Design Course with passing exam
Step 2: Check-off on Aggregate Consensus Property Tests (Contact Local QA Supervisor for Details)
Step 3: NCDOT Mix Design Certification Class including Passing Exam.

A certificate will be issued for each type certification. Initial certification will generally be effective for
four (4) years beginning from the date of passing the appropriate written exam until December 31% of the 4"
year. A Mix Sampling Technician Certification has no expiration date. Failure of an exam will require the person
to re-attend the regular class and pass the exam to become certified / re-certified. Upon two consecutive
failures of the exam, the person will be required to perform the OJT (On-the-Job-Training) prior to re-attending
the full class and taking the exam, unless otherwise approved by the Asphalt Design Engineer. Upon satisfactory
completion of all requirements, the technician will be issued a certificate.
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It should be noted that there is no certification for the Introduction to Asphalt Pavements Course. This is
a very basic asphalt course designed to provide general knowledge of both plant and roadway operations to
personnel with little or no experience. It is a prerequisite for several other certifications; therefore, a
“completion” certificate will be issued to verify satisfactory completion. An online exam will be given at the end
of the course and will be used to judge satisfactory completion.

3. Renewal Certification
A technician is required to renew his certification prior to the expiration of the current certificate. If a
Technician’s certification expires, he will not be permitted to perform the duties of this expired QMS Certification
until renewal occurs. He will also be required to complete all initial requirements as outlined above.
Requirements for renewal of certifications are as follows.

Level | & Il Plant Technicians: Attend the regular Level | or Level Il plant Technician class including passing a
written exam.

Roadway Technicians: Attend the regular roadway technician class including passing a written exam.

Density Gauge Operators: Attend the regular density gauge operators class, including passing a written
exam, and a "hands-on" checkoff.

Mix Design Technicians: Attend the regular mix design certification class including passing a written
exam.

4. Loss of Certification by Suspension or Revocation

All certified technicians are subject to loss of their certification by suspension or revocation. The
primary reason for the loss of a certification would be the falsifying of test results, records and/or reports. Other
reasons that might lead to loss of certification include insubordination, gross negligence and apparent
incompetence on the part of the technician. All reported occurrences of violations, misuse or abuse of this
certification will be documented by the appropriate person(s).

The NCDOT Asphalt Design Engineer may suspend or permanently revoke any certification. Suspension
or revocation of a certification will be sent by certified mail to the technician, the Quality Control Manager and
the Corporate Head of the company that employs the technician.

A technician has the right to appeal any adverse action which results in suspension or permanent
revocation of certification by responding, in writing, to the State Materials Engineer within 10 calendar days after
receiving notice of the proposed adverse action. Failure to appeal within 10 days will result in the proposed
adverse action becoming effective on the date specified on the certified notice. Failure to appeal within the time
specified will result in a waiver of all future appeal rights regarding the adverse action taken. The technician will
not be allowed to perform duties associated with the certification during the appeal process.

The State Materials Engineer will hear the appeal and make a decision within 7 days of hearing the
appeal. Decision of the State Materials Engineer shall be final and shall be made in writing to the technician.

If a certification is temporarily suspended, the technician must pass any applicable written examination,
any proficiency examination, and other requirements as required by the Engineer prior to having the certification
reinstated.

1.3.8  NCDOT Asphalt Technician Certification - Enroliment Procedures

The Department requires all students to enroll in the appropriate class(es) prior to attendance. Below are the
guidelines for class enroliment. It is extremely important that these guidelines be followed in order to ensure correct
enrollment data.

1. Students will only be enrolled by submission of application, applicable fee, and all other required documents.
Class space or slots will not be held or reserved.

2. Only mailed applications are accepted for non-NCDOT enrollees. Mailed or HICAMS applications are
acceptable for NCDOT personnel. No faxed applications will be accepted.

3. Non-NCDOT applications must be mailed to the address on the bottom of the application form. All NCDOT
enrollments must be forwarded to and verified by the person in the Division responsible for asphalt class
enrollments.

4. Required verification of prerequisites must be marked on and/or attached to the application form. Applicants
must meet all prerequisites at time of application submittal.
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5. Non-NCDOT agencies must attach a non-refundable check(s) to the application. NCDOT Divisions / Units
funds will be drafted to cover their fees.

6. When registering multiple students, send one check per class. One check per student is preferred.

7. Registration form & payment must be received no more than 90 and no less than 7 calendar days prior to
class start date, unless otherwise noted. Application(s)/check(s) will be returned if not received within this
time frame.

8. NCDOT personnel registered through HICAMS are not enrolled until all required documentation is received
and approved by the Materials & Tests Unit. Non-NCDOT personnel are not enrolled until all required
documentation is received and approved via hard copy. Confirmation notices will be sent to all enrolled
students. Persons should not attend class without having a confirmation notice. If confirmation notice is
not received within 5 business days of class start date, notify the appropriate class contact person.

9. Substitution, deletion or transfer of enrolled students must occur no later than 3 business days prior to class
start date, and must be approved by the Materials & Tests Unit conducting the class. If substitution or
transfer of an enrolled student is allowed, a new confirmation notice will be furnished.

10. Absent students Will Not be transferred to another class. If enroliment is desired for a different class, the
enrollment process must be repeated for that student, including payment of the fee.

11. Applications received after a class is full will be returned. Maximum class size depends on the classroom size,
except for Level Il Class which will be limited to 30 students.

12. Level I, Level II, and Mix Design Certification Classes are subject to cancellation if not more than 10 students
are registered within 7 calendar days of class start date.

13. QMS Roadway Classes are subject to cancellation if not more than 20 students are enrolled within 7 calendar
days of class start date.

14. Students attending a class but failing to pass the exam must repeat the enrollment process and pay the class
fee and attend the class again before taking the exam. These applicants should mark "Retest" on their
application.

15. Any student attending the class but not taking the exam for a valid reason, shall have 10 calendar days to
take the exam without having to reattend the class. This must be coordinated through the Materials & Tests
Asphalt Laboratory.

PREREQUISITES FOR NCDOT QMS CLASSES

Application Intro. oJT Mix Design Level |
(1) (2) (3) (4)
| Introduction to Asphalt Pavements X
| Level | Plant Tech. (New) X X X
| Level | Plant Tech. (ReCert.) X
| Level Il Plant Tech. (New) X X X
| Level Il Plant Tech. (ReCert.) X
| Roadway Tech. (New) X X X
| Roadway Tech. (ReCert.) X

(1) Either attach copy of Introduction to Asphalt Pavements certificate of completion or email confirmation of
completion

(2) Attach front & back pages of completed OJT checklist to application. Applicants using exception for being
certified in another state must attach copy of that certification. Applicants utilizing the exception for 1 year's
roadway paving experience, must attach the experience certification.

(3) Attach copy of Mix Design Course certificate.

(4) Attach copy of Level | Plant Technician certificate.
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1.4 QMS LABORATORY TECHNICIAN ASSESSMENT PROGRAM

1.4.1 General
The mission of the Assessment Program is to determine the competency of the Quality Control and the Quality
Assurance technicians in the QMS program by observation and by comparison of sampling and testing results.

1.4.2 Technician Assessments

It is the intent of this program to validate the competency of the personnel performing quality control and
quality assurance testing of Asphalt Mix and QA/QC Laboratory Equipment used in the QMS program is in compliance
with specifications. In order to determine this competency, the following rating system will be used to grade QMS
technicians:

» Satisfactory — all test procedures are performed with no corrections or exceptions.

e Acceptable with Exceptions — while performing test procedures, the technician made mistakes, but did not
or could not make corrections during the procedure. The technician will be reassessed.

*  Unsatisfactory — while performing test procedures, the technician made mistakes and did not make
corrections during the procedure. The technician demonstrated a lack of knowledge about the testing
procedures. This may require remedial training, and could result in suspension of certification. The
technician will be reassessed.

A review by the Asphalt Assessment Engineer may be performed prior to any action in the case of an
unsatisfactory assessment. Any unsatisfactory assessments that the Assessment Engineer regards as requiring more than
remedial training, or if remedial training has not been effective, will be brought to the attention of the Review
Committee. A reassessment will be performed on any technician that receives any rating other than satisfactory. It will be
the determination of the Assessment Engineer if the reassessment process should include an additional material
correlation. An assessment can be performed at any time regardless of the fact that the material is being transported to a
NCDOT project or private work.

The technician will be allowed two postponements in the event of an emergency that prevents him/her from
meeting an agreed upon assessment schedule. If the assessor has made three attempts to assess the technician, or if the
requested postponement does not fit the definition of an emergency, the Assessment Engineer will immediately notify
the technician’s supervisor to set a date and time for the assessment. An emergency, in this case, would be defined as an
event requiring the complete attention of the technician to the exclusion of performing any testing.

1.4.3  Frequency
The following guidelines shall be used in determining assessment frequencies for personnel:

A) All Level | and Level Il Technicians are eligible to be assessed.

B) QA Supervisors shall be assessed once a year.

C) All Final Review Technicians shall be assessed once a year.

D) All technicians who are actively testing asphalt mix are subjected to be assessed.

1.4.4 Sampling
All personnel being assessed shall perform all sampling in accordance with Section 7.5. In addition, an IA portion

of the sample will be taken at the same time as the QC or QA sample. In conjunction with QA approval an additional
sample may be directed at any time and any location during production (in lieu of the next randomly scheduled sample
for that increment).

1.4.5 Testing
All personnel being assessed shall perform all tests in accordance with their respective procedures as stated in

Section 7.

1.4.6 Equipment
All equipment used in the testing must be properly calibrated and maintained as required by Section 7.2 prior to

the QC or QA technicians performing the tests. The assessor will perform an equipment assessment during which they will
verify the calibration of the testing equipment. The equipment assessment will typically be performed during the
scheduled technician assessment visit. If during the assessment visit, equipment is found to out of specification, the
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equipment must be brought into compliance or replaced as per the requirements of Section 7.2. Once the equipment
issue has been resolved, notify the assessor so the assessment can be completed. If the laboratory fails to comply with
the above requirements, the Engineer may stop production as detailed in Section 609-5(b) of the Specifications. If the
verification determines that the equipment is out of calibration, testing of the mix shall stop and cannot resume until the
equipment is brought into compliance or is replaced by equipment that is within compliance.

1.4.7 Loss of Certification

All certified technicians are subject to the loss of certification by suspension or revocation as defined in
Section 1.3.7. In addition, the following provisions shall apply to any technician assessed under this program.

If the technician receives an unsatisfactory on any procedure, the assessor will review all parts of each test
method that were performed incorrectly to ensure that the technician clearly understands their mistakes. A
reassessment will be required only on those test procedures that received an unsatisfactory. Following any unsatisfactory
assessment, the QC Manager/QA Supervisor will be notified by e-mail.

The technician will have the option of performing the reassessment for each unsatisfactory procedure on the
same day if mutually agreed upon by the assessor and the technician. [A Process Control (PC) sample can be used for this
purpose]. However, the technician can request that the reassessment occur at a later date. If this option is used by the
technician, the QC Manager/QA Supervisor should review the assessment with the technician and perform whatever
corrective actions they deem necessary within ten (10) calendar days. The Assessment Engineer will contact the assessor
who will then perform a reassessment within ten (10) calendar days.

Failure by the technician to perform the proper methods after reassessment will result in an overall rating of
Unsatisfactory and the following actions may occur:

1. Suspension:
Failure of the QC/QA technician to satisfactorily complete the reassessment may result in the suspension of the

technician’s certification. Notification of the suspension will be in the form of a letter to the company’s
management or the appropriate Division Engineer. Once a technician’s certification is suspended, he/she will be
required to complete the OJT program and have a satisfactory assessment before their certification will be
reinstated. However, the technician can appeal, but the certification will remain suspended until the appeal
process is completed. If the assessment following the OJT process is unsatisfactory, the technician’s certification
will be revoked. However, the technician can request a hearing with the Review Committee. The Review
Committee will review the assessment documentation, as well as any other documentation deemed necessary.
The Review Committee can request that additional OJT be performed, overturn the reassessment and have a
new assessment performed, or they can uphold the revocation of certification.

2. Revocation:

Revocation of the technician’s certification may occur if an unsatisfactory reassessment occurs after the OJT
completion. Also, if the technician has two suspensions in the same certification period, their certification may
be revoked. The final revocation decision will be made by the Review Committee and will be effective on the
date of the letter sent to the technician. Copies of the letter will be sent to the producer, the Division Engineer,
the Division QA Supervisor and FHWA.

3. Reinstatement of Certification:
All certified technicians may regain their certification in the manner defined in Section 1.3.7.

1.4.8 Correlation

At the completion of the assessment, the assessor will retain the IA portion of the sample and a copy of the QC
or QA worksheet. This sample will be returned to either the Central Asphalt Laboratory or to an appropriate M&T
Regional Laboratory. The sample information will be entered into HICAMS by the assessor. Upon completion of the tests,
the assessor will correlate the results. Depending on the outcome of the sample correlation, an investigation may be
conducted to determine the cause of any testing disparity.

1.4.9 Record Keeping
At the completion of each assessment, the assessor will provide a completed hard copy of the M&T 901 form to

the assessed technician. The assessor will also send a follow-up copy via email to the QC Manager/QA Supervisor after
each assessment.
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15 ETHICS AND FALSIFICATION

False statements, misrepresentations, false reporting, or false claims made concerning the acceptability of
materials on highway projects are prohibited by North Carolina General Statutes and the United States Code of Federal
Regulations.

Fraudulent activities include: falsification of test results, false documentation of observations, falsification of
inspection records, adjustments to the process, discarding of samples and/or test results, or any other deliberate
manipulation of the facts. Such activities will result in the revocation of the applicable person’s QMS certification. In
addition, state and/or federal authorities may also pursue criminal charges. The Engineer will determine acceptability of
the mix and/or pavement represented by the falsified results or documentation. If the mix and/or pavement in question
is determined to be acceptable, the Engineer may allow the mix to remain in place at no pay for any asphalt mix, binder,
or other mix components. If the mix and/or pavement represented by the falsified results is determined not to be
acceptable, it shall be removed and replaced with mix that meets the Specifications.

1.5.1 North Carolina Requirements

The following is set forth in G.S. § 136-13.2, “Falsifying Highway Inspection Reports”:

(a) Any person who knowingly falsifies any inspection report or test report required by the Department of
Transportation in connection with the construction of highways, shall be guilty of a Class H felony.

(b) Any person who directs a subordinate under his direct or indirect supervision to falsify an inspection report
or test report required by the Department of Transportation in connection with the construction of
highways, shall be guilty of a Class H felony.

1.5.1 Federal Requirements

Any suspected fraudulent activity — whether it involves a Federal or State employee, contractor, subcontractor,
or any other participant in a Federally-assisted highway project — should be reported to the Office of the Inspector
General (OIG) Office of Investigations, USDOT. The OIG is responsible for investigating charges of fraud, waste, and abuse
in FHWA programs.

Code of Federal Regulations (23 CFR 635.119) requires that the Office of Inspector General (OIG) will maintain a
hotline for receiving allegations of fraud, waste, abuse, or mismanagement in U.S. Department of Transportation (DOT)
programs or operations. Allegations may be reported 24 hours a day, seven days a week by DOT employees, contractors,
or the general public. The FHWA Fraud Notice (Form FHWA 1022) is required to be posted on all Federally-Funded
Construction Projects. This awareness poster points out the consequences of impropriety on the part of any Contractor
or Department employee working on Projects.
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)

U.S. Department
of Transportation

Federal Highway
Administration

The highway construction underway at this location is a Federal or Federal-aid
project and is subject to applicable State and Federal laws, including Title 18,

United States Code, Section 1020, which reads as follows:

“Whoever, being an officer, agent, or employee of the UniteStates, or any State ¢
Territory, or whoever, whether a person, association, fim or corporation, knowingly makes
any false statement, false representation or false report &s the character, quality, quantity,
or the cost of the material used or to be used, or the quatyt or quality of the work
performed or to be performed, or the costs thereof in amection with the submission of
plans, maps, specifications, contracts, or costs of congttion of any highway or related
project submitted for approval to the Secretary of Transportaton; or

Whoever, knowingly makes any false statement, false repregation, false report, or false
claim with respect to the character, quality, quantity or @st of any work performed or to be
performed, or materials furnished or to be furnished, inconnection with the construction of
any highway or related project approved by the Secretary of ransportation; or

Whoever knowingly makes any false statement or false represetitsn as to a material fac
in any statement, certificate, or report submitted pursuanto the provisions of the Federal-
Aid Road Act approved July 11, 1916 (39 Stat. 355) as amended asupplemented,

Shall be fined under this title or imprisoned not morethan five years, or both.”

Any person having reason to believe this statute is being violated
should report the same to the agency representative(s) named below.

(Federal-aid Projects Only) (Both Federal and Federal-aid Projects)
State Highway Department Federal Highway Division Administrator
Michael L. Holder, PE John F. Sullivan, lll, PE
NCDOT - Chief Engineer FHWA — NC Division
1536 Mail Service Center 310 New Bern Avenue, Suite 410
Raleigh NC 27699-1536 Raleigh, NC 27601-1418

(Both Federal and Federal-aid projects)

Department of Transportation
Office of Inspector General
Toll Free Hotline

1-800-424-9071

Form FHWA-1022 (Rev 11-11) NCDOT Update 11/2014
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SECTION 2
MATERIALS USED IN ASPHALT PAVING

2.1 GENERAL DESCRIPTION OF ASPHALT PAVING MATERIALS / PAVEMENTS

Asphalt pavements are composed of three basic components - 1) asphalt binder, 2) aggregates, and 3) air voids.
Aggregates are generally classified into two groups - coarse and fine, and normally constitute 90 to 96 percent by weight
of the total mixture. Asphalt binders are classified by various grading systems and normally constitute 4 to 10 percent of
the total mixture. Probably the most important but often overlooked component of an asphalt mix is air voids. In this
section, only asphalt binder, aggregates and other additives are discussed. Air voids and the role it has in asphalt mixtures
and pavement performance will be discussed in later sections of this manual.

There are many different types of asphalt and many different types of aggregates. Consequently, it is possible to
make different kinds of asphalt pavements. Among the most common types of asphalt pavements are:

* Dense-Graded Hot Mix Asphalt (HMA);

* Warm-Mix Asphalt (WMA);

* Open-Graded Asphalt Friction Course; Permeable Asphalt Drainage Course

* Ultra-Thin Bonded Wearing Course

* Asphalt Surface Treatments;

* Emulsified Asphalt Mixes (Cold Mixes);

* Others, SMA, In-Place Recycled Mixes (both hot and cold)

This manual primarily addresses dense-graded asphalt concrete which is a paving material that consists of
asphalt binder and mineral aggregate with appropriate air voids. The asphalt binder, either an asphalt cement or a
modified asphalt cement, acts as a binding agent to glue aggregate particles into a dense mass and to waterproof the
mixture. When bound together, the mineral aggregate acts as a stone framework to impart strength and toughness to
the system. The performance of the mixture is affected both by the properties of the individual components and the
combined reaction in the system.

2.3 TECHNICIAN RESPONSIBILITIES

The Contractor’s Quality Control technicians and the DOT’s Quality Assurance technicians are responsible for the
way asphalt and aggregate materials are handled, stored, sampled, mixed, hauled, placed, and compacted. They have
responsibilities to check such things as material sources, grades, types, temperatures, and moisture contents. Both must
also be fully capable of reviewing and interpreting mix design data, laboratory test results and specifications, when
necessary, as well as being able to perform sampling and testing.

The technician will be unable to perform his job without a working knowledge of the materials from which an
asphalt concrete pavement is made, particularly material characteristics and their role in pavement performance. He
must also understand how improper handling of materials can adversely affect their properties and ultimately, their
behavior in the finished pavement. Having such information will give him the confidence to make proper day-to-day
decisions and will eliminate the role of guesswork in the job, ensuring that good quality control is maintained.

Materials inspection and control demands accurate and thorough documentation. Facts, figures, dates, names,
locations, and conditions are important elements in daily record-keeping. Experience has taught us over the years that a
scrap of information that seems unimportant when recorded can later turn out to be the very piece of information
needed to analyze a serious problem.

2.4 ASPHALT MATERIALS

2.4.1  Asphalt Binder
As mentioned earlier, one of the basic components of asphalt mixes is asphalt binder. Asphalt binder at normal

atmospheric (ambient) temperatures is a black, sticky, semi-solid, highly viscous, cementitious material. Asphalt binder is
typically a solid to semisolid at normal air temperatures and becomes a liquid at high temperatures. Asphalt is made up
largely of a hydrocarbon called bitumen and therefore is often called a bituminous material. Because asphalt binder is
sticky, it adheres to aggregate particles and can be used to cement or bind the aggregate in an asphalt concrete mixture.
Asphalt binder is an excellent waterproofing material and is unaffected by most acids, alkalis, and salts. This unique
combination of characteristics and properties is a fundamental reason why asphalt is an important paving material.
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2.4.2 Refining Crude Petroleum

Asphalt is a constituent of crude petroleum (crude oil). Most crude oil sources contain some asphalt. However,
some crude oil sources may be almost entirely asphalt and some crude oils contain little or no asphalt. The primary
source for asphalt cement used in the United States today is from the refining of crude petroleum (crude oil). Crude
petroleum from oil wells is separated into its constituents or fractions in a refinery. (see Fig. 2-1). Accordingly, asphalt is
obtained as a residue or residual product, and is valuable and essential for a great variety of engineering and architectural
uses. Petroleum asphalt for use in pavements is usually called paving asphalt, or asphalt binder to distinguish it from
asphalt made for non-paving uses, such as roofing and industrial purposes.

2.4.3 (Classification and Grading of Paving Grade Asphalts
Paving grade asphalts are classified into three general types:
(1) Asphalt Cements (Binders)
(2) Emulsified Asphalts
(3) Cutback Asphalts*
*It should be noted that North Carolina Specifications do not allow for any use of cutback asphalts primarily due
to environmental concerns.

Asphalt Binder is the residual by-product from the distillation process. Emulsified asphalts and cutback asphalts
are then made from asphalt cements and are frequently referred to as liquid asphalts. Included in the Standard
Specifications and Special Provisions are the specific requirements for the various grades and types of asphalt materials.
Figures 2-3 and 2-4 included in this manual summarize the various grades and typical applications of asphaltic materials
used in pavement construction by the NCDOT. However, the technician should always review the project special
provisions to determine if there are any additional grades or specific requirements which must be utilized on a specific
project. Paving grade asphalt binder must be made fluid (liquefied) for handling and use during construction operations,
such as pumping through pipes, transporting in tanks, spraying through nozzles and mixing with aggregate. Asphalt
binder can be made temporarily fluid (liquefied) for construction operations in three ways:

1. By heating the asphalt binder with indirect heat in a storage tank: After construction operations (mixing,
spraying, etc.) the hot liquid asphalt binder cools and changes from a fluid back to a semi-solid condition at
ambient air conditions. During the heating process the asphalt binder temperature must not exceed the
manufacturers recommended temperature. If the asphalt binder is overheated, a process known as oxidation
will occur. Oxidation causes the asphalt to become more brittle, leading to the term oxidative, or age, hardening.
Oxidation occurs more rapidly at higher temperatures. A considerable amount of hardening occurs during mix
production, when the asphalt binder is heated to facilitate mixing and compaction. When pavement
construction operations are finished, the asphalt binder cools and reverts to its normal semi-solid condition and
functions as the cementing and waterproofing agent that makes the pavement stable and durable.

2. By emulsifying the asphalt with water: Emulsified asphalts are a mixture of asphalt cement, water, and an
emulsifying agent (such as soap). While asphalt and water ordinarily do not mix, they can be made to mix by
mechanically milling asphalt in a colloid mill with water and a small amount of emulsifying agent under high
pressure. The resulting product, called emulsified asphalt, is a fluid and can be handled and sprayed at relatively
low temperatures. Emulsified asphalts are normally liquid at room temperature. After application, the water
evaporates and the asphalt particles coalesce (join together) into a continuous film that bonds the aggregate
particles together. When the water and asphalt separate, it is said that the emulsion breaks or sets and the
asphalt residue remains.

3. By dissolving the asphalt with a petroleum solvent such as naphtha, gasoline, kerosene, or diesel oil: Mixing the
solvent with the asphalt liquefies the asphalt at ambient air temperatures such that it can be sprayed or mixed
with aggregate during construction. The solvent then evaporates over time, the residual asphalt returns to its
semi-solid state and performs its intended function. As noted earlier, cutback asphalts are not used by NCDOT
because of environmental concerns.
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(A) Asphalt Binders
Performance Grade “binder” specifications are based on tests which measure physical properties of the asphalt

“binder” that can be related directly to field performance by engineering principles. The tests are conducted at
temperatures encountered by in-service pavements. These “binder” specifications have now been adopted by AASHTO
and are referenced under AASHTO M 320.

Performance graded (PG) binders are designated with grades such as PG 64-22. The first number, 64, is often
called the “high temperature grade.” This means that the binder would possess adequate physical properties to perform
satisfactorily at least up to 64° C (147° F). This would be the high pavement temperature corresponding to the climate in
which the binder is actually expected to satisfactorily serve. Likewise, the second number, -22, is often called the “low
temperature grade” and means that the binder would possess adequate physical properties in pavements to perform
satisfactorily at least down to -22° C (-8° F).

Additional consideration in selecting the grade to be used is given to the time of loading (vehicle speed on open
highway, city streets, intersections, etc.) the magnitude of loads (heavy trucks), and at what level the material is within
the pavement structure. Figure 2-1 shows the current binder grades in AASHTO M 320. Under these specifications, the
binder grade used in standard asphalt mix pavements in North Carolina is Performance Grade 64-22 (PG 64-22). Other
grades are required under certain conditions, such as heavy traffic and in recycled mixes.

(B) Emulsified Asphalts

Another method to liquefy the asphalt is to emulsify the asphalt in water. Asphalt liquefied by this method is
known as emulsified asphalt. With emulsified asphalt, the basic idea is that the water will escape by absorption and
evaporation, leaving the asphalt binder to do its job. The object is to make a dispersion of the asphalt binder in water,
stable enough for pumping, prolonged storage, and mixing. Furthermore, the emulsion should break down quickly after
contact with aggregate in a mixer, or after spraying on the roadbed. Upon curing, the residual asphalt retains all of the
adhesive, durability, and water-resistant properties of the asphalt binder from which it was produced.

By proper selection of an emulsifying agent and other manufacturing controls, emulsified asphalts can be
produced in several types and grades. By choice of emulsifying agent, the emulsified asphalt can be anionic (asphalt
globules electro-negatively charged) or cationic (asphalt globules are electro-positively charged) or nonionic (asphalt
globules are neutrally charged). In practice, the first two types are ordinarily used in roadway construction and
maintenance activities. The letter “C” in front of the emulsion type denotes cationic. The absence of the “C” denotes
anionic or nonionic. For example, RS-1 is anionic or nonionic and CRS-1 is cationic.

Because particles having a like electrostatic charge repel each other, the asphalt globules are kept apart until the
emulsion is deposited on the surface of the aggregate particles. At this point, the asphalt globules coalesce (join together)
through neutralization of the electrostatic charges or water evaporation. Coalescence of the asphalt globules occurs in
rapid and medium-setting grades. When this coalescence takes place, it is referred to as "breaking" or "setting".

Emulsions are further classified on the basis of how quickly the asphalt will coalesce; i.e., revert to asphalt
binder. The terms RS, MS, and SS have been adopted to simplify and standardize this classification. They are relative
terms only and mean rapid-setting (RS), medium-setting (MS), and slow-setting (SS). The tendency to coalesce is closely
related to the mixing of an emulsion. An RS emulsion has little or no ability to mix with an aggregate, an MS emulsion is
expected to mix with coarse but not fine aggregate, and an SS emulsion is designed to mix with fine aggregate.

Additional grades of high-float medium-setting anionic emulsions, designated HFMS, have been added to
standard AASHTO and ASTM specifications. These grades are used primarily in cold and hot plant mixes, coarse aggregate
seal coats, road mixes, and tack coats. High float emulsions have a specific quality that permits a thicker film coating
without danger of runoff. A quick-set type of emulsion (QS) has been developed for slurry seals. Its use is rapidly
increasing as the unique quick-setting property solves one of the major problems associated with the use of slurry seals.

(C) Cutback Asphalts
As noted earlier, cutback asphalts are not used by NCDOT because of environmental concerns and therefore are

not discussed further in this Manual.

2.4.4  Characteristics of Asphalt

The characteristics of asphalt binder under varying temperatures, rates of loading, and stages of aging determine
its ability to perform as a binder in the pavement system. The tests and specifications used to measure and control these
characteristics are discussed in Performance Graded Asphalt Binder Specification and Testing, (SP-1), The Asphalt
Institute.
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Figure 5-1
Typical Refining Process
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2.4.5 Testing Properties of Performance Graded Asphalt Binders

A key feature in the Performance Grading system is that physical properties are measured on binders that have
been laboratory aged to simulate their aged condition in a real pavement. Various tests are used for determining and
measuring the properties of an asphalt binder. The ASTM and AASHTO references that describe in detail the equipment
and procedures required to conduct these tests are available from a number of sources. These tests are normally
conducted by the asphalt supplier or the Materials and Tests Laboratory in Raleigh. The specifications require that the
Contractor furnish a certified delivery ticket for all asphalt materials to be used on a project (See Article 1020-1 of the
Standard Specifications).

2.4.6  Specific Gravity of Asphalt Binder

Specific gravity is the ratio of the weight of any volume of a material to the weight of an equal volume of
water, both at a specified temperature. As an example, an aggregate with a specific gravity of 2.653 weighs
2.653 times as much as water. Asphalt binder has a specific gravity of approximately 1.030 at 60° F (15.6° C).

The specific gravity of an asphalt binder is not normally indicated in the job specifications. Nonetheless,
knowing the specific gravity of the asphalt binder being used is important for two reasons. Asphalt binder
expands when heated and contracts when cooled. This means that the volume of a given amount of asphalt
binder will be greater at higher temperatures than at lower ones. Specific gravity measurements provide a
means for making temperature-volume corrections, which are discussed later.
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2.4.7 Asphalt Additives

(A) Silicone: Silicone is used in asphalt because of its foam suppressing capabilities and also
because it helps prevent the tearing and pulling of an asphalt mix behind the paving machine.
Section 620-3 of the Standard Specifications requires that silicone is to be added to asphalt
binder used in all surface course mixtures, including open-graded asphalt friction courses,
unless otherwise directed. The silicone is added at the rate of 1 ounce per 2000-2500 gallons
(4 ml per 1000-1250 liters) of asphalt binder and may be added either at the asphalt plant or at
the supplier's terminal when so noted on the delivery ticket. The silicone should be adequately
circulated throughout the asphalt binder storage tank prior to use. The brand used must have
been previously approved by the Department. A listing of approved sources of silicone may be
obtained through the M&T Lab in Raleigh, N.C.

(B) Anti-Strip Additive: Heat stable liquid chemical or hydrated lime anti-strip additives are
required to be incorporated into asphalt mixes in an effort to prevent the separation of the
asphalt from the aggregate particles (stripping). Chemical anti-strip additives are blended with
the asphalt binder prior to introduction of the binder into the aggregate. Hydrated lime is
blended with the aggregate prior to the aggregate entering the dryer. Al mixes including
recycled mixes require either chemical or lime anti-strip additive or a combination of both. The
technician should always refer to the JMF to determine the type, rate required and the brand
specified. The Contractor may use a different brand or grade, provided the proper TSR testing
has been performed with satisfactory results prior to its use. If a different rate is required, the
Contractor must obtain a new JMF.

(9] Warm-Mix Asphalt Additives: Chemical additives that allow for lower mixing and placement
temperatures. These additives are commonly categorized as: foaming agents, surfactants, or
wax-based agents. The technician should always refer to the JMF to determine the type, rate
required and the brand specified.

2.4.8 Asphalt Binder Storage

The asphalt binder storage capacity at the plant must be sufficient to allow uniform plant operation. Where
more than one grade of asphalt binder is required for a project, at least one tank will be needed for each grade or the
tank must be completely emptied before a different grade is added. Different grades must not be mixed.

Asphalt contents of storage tanks must be capable of being measured so that the amount of materials remaining
in the tank can be determined at any time. This is necessary in order to determine the amount of an additive to be added,
when required. They also must be heated to keep the asphalt fluid enough to move through the delivery and return lines;
however, the maximum storage temperature should not exceed the supplier’s recommendation. Heating is done either
electrically or by circulating steam or hot oil through coils in the tank. Regardless of the heating method used, an open
flame must never come in direct contact with the tank or contents. Where circulating hot oil is used, the oil level in the
reservoir of the heating unit should be checked frequently. A drop in the level could indicate leakage of the hot oil into
the tank, leakage which results in contamination of the asphalt. All transfer lines, pumps and weigh buckets also must
have heating coils or jackets so that the asphalt will remain fluid enough to pump. One or more thermometers must be
placed in the asphalt feed line to ensure control of the asphalt temperature, as it is being introduced into the mixer or
drum. The asphalt tanks must be equipped with a circulation system capable of uniformly dispersing and mixing additives
throughout the total quantity of asphalt binder in the tank.

Adequate pumps must be furnished so that asphalt binder can be unloaded from tankers and still continue to
operate the plant. A sampling valve or a spigot must be installed in the circulating system or tank to allow sampling of the
asphalt. When sampling from the circulating system, exercise extreme care, as pressure in the lines may cause the hot
asphalt binder to splatter.

Safety: Asphalt binder, if heated to a high enough temperature, will flash in the presence of a spark or
open flame. The Minimum Flash Point temperature specified for all performance graded (PG)
asphalts is 446°F (230°C). This temperature is well above the temperatures normally used in
paving operations; however, to be sure there is an adequate margin of safety, the flash point of
the asphalt should be known.

2.4.9 Delivery and Acceptance of Asphalt Materials
Obtain Performance graded asphalt binder (PGAB) only from sources participating in the Department’s Quality
Control/Quality Assurance (QC/QA) program. The PGAB QC/QA program is designed to give Producers or Suppliers more
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responsibility for controlling the quality of material they produce and to utilize the QC information they provide in the
acceptance process by the Department. It requires Producers or Suppliers to perform QC sampling, testing, and
recordkeeping on materials they ship for use by the Department. Also, it requires the Department to perform QA
sampling, testing, and recordkeeping to confirm the performance of the Producer’s quality control plan set forth in the
QC/QA program.

NCDOT specifications (Article 1020-1) require that asphalt materials used in asphalt pavement construction be
tested and certified as meeting all applicable specification requirements. This certification for acceptance purposes is
furnished with each delivered load of material, subject to certain conditions outlined in the specifications. This Article of
the specifications also requires that all asphalt transport tankers, rail, and truck tankers must have a sampling valve in
accordance with Asphalt Institute Publication MS-18, Sampling Asphalt Products for Specification Compliance and ASTM D
140 or a comparable device acceptable to the Engineer. A picture of a typical sampling device is shown in Figure 2-2.

Figure 2-2
Typical Liquid Asphalt Sampling Device

The sample must be taken from the sampling device on the transport tanker. Sample containers must be new
and are available from the M & T Laboratory. Glass containers should not be used. The sample container should not be
washed, rinsed out, or wiped off with oily cloths. The top of the container must fit securely. In obtaining a sample from
the sampling valve, approximately 1 gallon (4 liters) of the asphalt material should be drawn from the valve and discarded
for sampling purposes. The container should then be filled from the valve and the lid securely fastened to the container.
Samples shall not be transferred from one container to another. The sample should then be forwarded to the Materials
and Tests Unit with the appropriate sample identification cards.

This Article also outlines the information that is to be shown on load delivery tickets for all asphalt materials.
Also included is an example statement of certification forms which must be included on the delivery ticket. The
Contractor must furnish a ticket from the supplier, which includes a statement of certification of the grade and amount of
asphalt material, including a statement relative to the brand, grade, and quantity or rate of anti-strip additive added to
the material. In addition, a separate statement of certification that the tanker was clean and free of contaminating
material is required from the transporter on the ticket. Each certification shall be signed by an authorized representative
of the supplier or transporter. These certifications may be either stamped, written, or printed on the delivery ticket, or
may be attached to the delivery ticket. Failure to include or sign the certifications by either the supplier or transporter
will be cause to withhold use of the material until a sample can be taken and tested, except where an alternative testing
and invoicing procedure has been preapproved by the Engineer.

It will not be necessary to fill out Materials Received Reports (MRRs) for asphalt binder or emulsions. All asphalt
materials will be accepted by certification in accordance with Section 1020-1 of the Standard Specifications and the
following procedures. When a shipment of asphalt binder is received at the asphalt plant, a copy of the bill of lading will
be furnished to the QA Supervisor, attached to the appropriate QC-1 report from that plant, and maintained in the
appropriate plant file within the QA Lab. Detailed procedures for maintaining bills of lading for prime and tack coat
materials are covered in Section 9.1.

M&T Unit representatives will take verification samples from the asphalt terminals, which will be logged in and
tested at the M&T central facility with results entered into an Asphalt Materials Database. If a 