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CHAPTER 1 INTRODUCTION
1-1 OVERVIEW.

This Pavement Inspection Manual is written to provide supplemental information,
and help provide specific training for pavement construction inspectors. It
primarily addresses Department of Defense airfields but also applies to hot mix
asphalt and Portland cement concrete pavement construction on non-airfield
areas such as roads. This manual provides guidance on all aspects of
pavement construction and provides supplementary information to the other
referenced technical publications. It is not intended to take the place of the
contract specifications but should be used along with specifications to help
ensure that a high quality pavement is constructed.

Airfield pavements are constructed by the same contractors that construct roads
and highways. The airfield pavements often require higher quality materials than
highways and it is important to ensure that the contractor produces a mix that
meets the airfield specification requirements. Since most of the work performed
by most contractors is on highways they may not be familiar with the UFGS
specification requirements and this will require close inspection at the start-up of
work. Airfield pavements are unique. In comparison to highways they are
exposed to higher tire pressures, higher wheel loads, and blast and heat from jet
engines. Any spalling, raveling, or other deterioration can lead to particles of
pavement becoming dislodged resulting in foreign object debris (FOD). This
FOD can become ingested into a jet engine resulting in costly damage and
potentially loss of life.

The objective in constructing any pavement is to satisfy the design criteria and
provide quality for maximum serviceable life with minimum maintenance. This
objective may be achieved only through detailed attention to each step in the
construction of a pavement. Inspectors play a key role in obtaining pavement
quality and without their full commitment to the project, performance is likely
compromised. They have to read and understand the contract specifications,
observe and evaluate the contractors work, and take appropriate action on any
contractor deficiencies. This includes the review of initial submittals through
participation in the final acceptance. It involves the quality of materials and
construction as well as workmanship.

The control of the quality and the production is the responsibility of the contractor
and the assurance of the quality is the responsibility of the inspector and owner.
Many times one inspector is burdened with the responsibility for multiple
contracts, which may be under construction at the same time. Sufficient qualified
and experienced inspectors have to be provided to insure quality. Inspectors
have to be thoroughly familiar with all provisions of the contract documents,
including submittals. They have a difficult role because they are sometimes put
into the position of justifying contract requirements, especially when they affect
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schedules and unanticipated contractor costs. This manual should provide the
inspectors with the background for many of the specification requirements and
help ensure improved performance and a more satisfied customer.

1-2 PURPOSE.

The purpose of this manual is to provide guidance to the inspector, Quality
Assurance (QA), and Quality Control (QC) representatives on construction
oversight of hot mix asphalt (HMA) and Portland cement concrete (PCC) airfield
pavements. This manual is not a contract document and does not take the place
of the project specifications but is to be used as a companion document. The
manual identifies a number of areas where problems often occur and it helps to
clarify some of the specification requirements that may be a little more difficult to
understand.

1-3 FORMAT.

The format of this manual follows the anticipated sequence of construction
activity: materials and mix design, mix production, transporting mix, placing mix,
QCI/QA, and discussion of potential performance problems. A separate chapter is
devoted to concrete and asphalt with each chapter being divided into each of
these specific topic areas. Inspector’s checklist items are provided in colored
text boxes. More detail concerning the checklist items is provided in the body of
each chapter. Notes and “rules of thumb” are provided in yellow text boxes and
inspector’s checklist items are provided in green text boxes.

The specification requirements are addressed in UFGS 321311, “Concrete
Pavement for Airfields and Other Heavy-Duty Pavements More Than 10,000
Cubic Yards” and in UFGS 321215, “Hot Mix Asphalt for Airfields.”

1-4 ACKNOWLEDGEMENTS.

This manual is based on the “PCC Airfield Pavement Workshop” presentation
developed by the U.S. Army Engineers, Transportation Systems Mandatory
Center of Expertise (TSC) and the “HMA Airfield Pavement Workshop”
presentation developed by the U. S. Army Engineer Research and Development
Center (ERDC). Thanks to Terry Sherman and Gene Gutierrez for the use of
their PCC photographs and for their guidance and insight and to Ray Brown for
the use of his HMA photos. Thanks also to Richard Donovan and Jack Scott for
their photos and authoring portions of this document.
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CHAPTER 2 GENERAL REQUIREMENTS
2-1 LABORATORY COMPLIANCE.

2-1.1 Introduction.

Contractor Quality Control (CQC) and Government Quality Assurance (GQA)
begin with assuring that commercial or contractor-operated laboratories and staff
are qualified to provide test results in accordance with the standards referenced
in the specifications. For concrete and concrete aggregate testing and
evaluation, laboratory compliance with ASTM C 1077, “Standard Practice for
Laboratories Testing Concrete and Concrete Aggregates for Use in Construction
and Criteria for Laboratory Evaluation” is required. For hot mix asphalt materials
and mixtures compliance with ASTM D 3666, “Minimum Requirements for
Agencies Testing and Inspecting Bituminous Paving Materials” is required.

2-1.2 Accrediting Agencies.

Independent third-party agencies provide the basic laboratory and staff
inspection services. These inspections are broadened into a laboratory
accreditation by including a review of the laboratory’s organization, human
resources, facilities, equipment, reports and records, and quality control system.

Independent third-party accrediting agencies include:

e NVLAP, National Institute of Standards and Technology
(http://ts.nist.gov/standards/accreditation/index.cfm)

e AZ2LA, American Association for Laboratory Accreditation
(http://www.a2la.org/)

e CMEC, Construction Materials Engineering Council
(http://www.cmec.org/)

e AASHTO, American Association of State Highway and Transportation
Officials (http://www.amrl.net/Portal/ AMRLLogin.aspx)

e ERDC-MTC, U.S. Army Engineers Research and Development Center,
Materials Testing Center (http://www.wes.army.mil/SL/MTC/mtc.htm)

Upon accreditation by any of these agencies, the laboratory is issued a certificate
which lists the laboratory’s name and address and the individual ASTM or
AASHTO methods for which the laboratory is accredited.

This information can be double-checked by reviewing the accredited laboratories
category on the accrediting agency’s website. An example of a print out from the
ERDC MTC website is presented in Figure 2.1.
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NOTE: The accreditation is for the listed laboratory only and does not cover
branch offices, field laboratories, portable laboratories, or other locations.
Separate inspections are required for these subsidiaries.

Not all the specified tests may be listed for a given laboratory. Typical omissions
include ASTM C 78, C 1260 and C 1567. Additional inspections or an additional
accredited laboratory will be required to perform any missing test methods.

Figure 2.1 Validation Printout from ERDC-MTC Website

Laboratory Name

Street Address
City, State, Zip Code
Telephone Number

Expiration Date: January 27, 2009

Aggregate: ASTM C40 C117 C127 C128 C136 C29 C88 C123 C131 C142 C535 C566 C702 C1252 C1260 D75
D2419 D4791 D5821 CRD-C104 CRD-C119 CRD-C130

Bituminous: ASTM D70 D2170 D2171 D2726 D3203 D3666 [y4867 D5444 D6307 D6925 D6926 D6927

Concrete: ASTM C31 C39 C138 C143 C172 C173 C231 C1064 C42 C78 C157 C174 C192 C511 C617 C1077
C1231

Soils: ASTM D421 D422 D698 D1140 D1557 D2166 D2216 4 D2435 D2487 D2488 D2922 D3017 D3740
D4253 D4254 D4318 D4643 D5084

Masonry: ASTM C140 C1093

Concrete technicians are certified by local chapters of the American Concrete
Institute (ACI) located at http://www.concrete.org/certification/cert_prog.asp. The
following grades of technician certification are required:
e Concrete Transportation Inspector - personnel responsible for
inspection of concrete paving operations
e Concrete Flatwork Technician/Finisher - lead foreman or journeyman
of the concrete placing, finishing and curing crews
e Concrete Field Testing Technician, Grade | - field testing technicians
e Concrete Strength Testing Technician or Laboratory Testing
Technician, Grade | or Il - laboratory testing technicians.

There is no national certification program for those involved with hot mix asphalt
testing and inspection. Within DOTSs, individuals are certified at the state or
regional level in some regions. Certification categories generally include three
areas: materials technician, mix designer, and roadway inspector. Those
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working on airfield pavements should, as a minimum, be certified within the local
state DOT. A national certification program, is needed but has not yet been
established.

2-1.3 USACE Validation.

For projects managed by the U.S. Army Corps of Engineers (USACE), validation
of the laboratory is required. This validation is performed by ERDC-MTC. The
validation process ranges from a desk audit of the accrediting agency’s
documentation for an accredited laboratory to a full scope
inspection/accreditation for an unaccredited laboratory. This validation is
performed at the Contractor’'s expense and should be performed prior to initiating
any asphalt or concrete materials sampling or testing.

2-1.4 Compliance Checklist.

2-2 SUBMITTALS.
2-2.1 Introduction.

The submittal process is the Contractor’'s method for documenting his materials,
methods, and quality control processes to produce concrete pavement in
accordance with the specification requirements.

All submittals for a definable feature of work shall be submitted and approved
before the preparatory meeting is scheduled for that feature. The Contracting
Officer may request submittals in addition to those specified when deemed
necessary to adequately describe the work covered in the respective sections.

2-2.2 Procedures.

Inspector’s Manual for HMA/PCC Construction TSC-1, Jan 2013 Page 5




The contact submittal procedures are contained in UFGS 013300, “Submittal
Procedures.” The following items highlight the requirements.

2-2.2.1

2-2.2.2

Contractor Submittals:

Units of weights and measures used on all submittals are to be the
same as those used in the contract drawings.

Each submittal is to be complete and in sufficient detail to allow ready
determination of compliance with contract requirements.

Contractor's Quality Control (CQC) System Manager and the Designer
of Record, if applicable, to check and approve all items prior to
submittal and stamp, sign, and date indicating action taken.

Proposed deviations from the contract requirements are to be clearly
identified.

Submittals requiring Government approval are to be scheduled and
made prior to the acquisition of the material or equipment covered in
the submittal.

Government Review:

Government approval is required for submittals with a "G" designation; submittals
not having a "G" designation are for information only. Government approval is
required for extensions of design, critical materials, deviations, equipment whose
compatibility with the entire system must be checked, and other items as
designated by the Contracting Officer.

Inspector’s Manual for HMA/PCC Construction TSC-1, Jan 2013 Page 6




CHAPTER 3 HOT MIX ASPHALT
3-1 SUBMITTALS.
3-1.1 Introduction.

The submittal process is the Contractor's method for documenting materials, mix
design, equipment, construction methods, and quality control processes to
produce hot mix asphalt in accordance with the specification requirements. All
submittals for a definable feature of work shall be submitted and approved before
the preparatory meeting is scheduled for that feature. The Contracting Officer
may request submittals in addition to those specified when deemed necessary to
adequately describe the work covered in the respective sections.

3-1.2 Procedures.

The contact submittal procedures are contained in UFGS 01 33 00, “Submittal
Procedures.” The following items highlight the requirements, as applicable to hot
mix asphalt (HMA) airfield pavement construction.

3-1.2.1 Contractor Submittals. Units of weights and measures used on all
submittals are to be the same as those used in the contract drawings. Each
submittal is to be complete and in sufficient detail to allow ready determination of
compliance with contract requirements. Contractor's Quality Control (CQC)
System Manager and the Designer of Record, if applicable, are to check and
approve all items prior to submittal and stamp, sign, and date indicating action
taken. Proposed deviations from the contract requirements are to be clearly
identified. Submittals requiring Government approval are to be scheduled and
made prior to the acquisition of the material or equipment covered in the
submittal.

Government approval is required for submittals with a "G" designation; submittals
not having a "G" designation are for information only. Government approval is
required for extensions of design, critical materials, deviations, equipment whose
compatibility with the entire system must be checked, and other items as
designated by the Contracting Officer. All submittals in the project specifications
are classified as “G.”

3-1.3 Requirements.

The submittal requirements are provided in the project specifications. Some of
the more important items to look for are discussed below.

3-1.3.1 Placement Plan. The contractor is required by the specifications to
provide a placement plan. This placement plan should provide information
including proposed schedule of work, planned lane width, sequence of paving,
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and method for handling longitudinal joints. When changes in the plan are
expected a revised plan should be submitted to the government.

3-1.3.2 Mix Design. The items required to be provided in the mix design are
clearly identified in the specifications. Some important items that are often
overlooked in the mix design include identifying the amount of natural sand used
in the mixture, the laboratory compactive effort during mix design, and the grade
of asphalt cement.

Mix designs that were developed several months or in some cases several years
prior to the project are sometimes submitted for approval. Aggregate sources
and asphalt cements may change with time so an old mix design may not still be
accurate. Hence, the specifications require that the mix design shall not be over
6 months old and this requirement should be enforced. If an old mix design is
desired for use, the contractor must verify that it is still accurate.

3-1.3.3 Contractor Quality Control Plan. The CQC program does not
automatically ensure that satisfactory construction quality is obtained. QA has to
make sure that CQC takes the initiative to identify any material or construction
issues and to take steps to correct the problems. In many cases the CQC will
only be as strict on the contractor as QA requires, hence, if QA does not closely
oversee CQC then CQC will not closely control the contractor.

The first step to ensuring that the CQC program is effective is the development of
an acceptable QC plan. The QC plan should clearly lay out the steps that QC is
going to take to ensure that a quality product is produced. The plan should
provide detail on types of inspections to be made, tests to be conducted, where
samples will be taken, number of tests to be conducted, and proposed action to
be taken if inspections or test results are not satisfactory.

3-1.3.4 Submit Samples of Aggregates and Asphalt Cement. The primary
purpose of these samples is to allow the QA to validate the mix design if desired.
Most of the time the mix design can be evaluated based on the information
provided but there might be cases where one or more of the tests may need to
be verified. The aggregates should be inspected to determine if natural sand is
being used and to observe the overall quality of all aggregate.

Look for good angularity in the aggregate and make sure that there is no
contamination such as clay balls and organics. Angularity is typically a potential
problem with naturally occurring gravels and sands (however the amount of sand
to be used in the mix is controlled so rounded natural sand is allowed). Naturally
occurring gravels must be properly crushed to be acceptable for HMA. If there
are any concerns about the mix design, the mix design should be validated by
QA or, if necessary, the contractor should provide additional test results and/or
explanations concerning the design.
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3-1.3.5 QC Test Results. The contractor must provide a QC plan to indicate the
testing and inspection plan and this has to be approved by the government. As
the tests are conducted and inspections are made during the construction
process, a report of the results should be prepared and provided to the
government for review and concurrence. These test results and inspection
observations should be made available to the government within a short period of
time after the work is completed. The contractor should indicate in the CQC plan
when the reports will be made available to the government. Generally test and
inspection results are made available to the government by the end of the day
following the day that work was completed (24 hours).

3-1.3.6 Asphalt Cement Certification. The contractor should provide the
government with a certificate, for each truckload of asphalt cement, from the
material supplier showing the asphalt cement test results and showing that the
asphalt cement being used meets the specification requirements. A certificate
should be provided for the original asphalt cement used in the mix design and for
all additional asphalt cement delivered to the contractor. The government does
not normally conduct these tests as part of QA but, if needed, samples can be
taken and sent to a commercial laboratory for testing.

Also it is good to keep samples of the asphalt cement in a closed container so
that the asphalt cement can be tested later if a problem occurs. Itis
recommended that these samples be kept for at least one year after the entire
project is completed.

3-1.3.7 Laboratory Certification. When working on a military airfield project,
the laboratory (QC and/or QA) to be used on the project must be inspected and
validated by the Materials Testing Center of the Engineer Research and
Development Center, Corps of Engineers before work begins. This certification
will take a little time so QC and QA, if applicable, should contact the Center early
to allow enough time to certify the laboratory before work begins.

3-2 MATERIALS AND MIX DESIGN
3-2.1 Introduction.

The quality of the materials used to produce an asphalt mixture is very important
to ensure good performance of the constructed product. Without high quality
materials, the performance of the project will likely not be satisfactory even if
good mix design and construction methods are used. After it has been
determined that acceptable materials are available, a mix design is developed to
determine the optimum asphalt cement and aggregate proportions. Generally
the mix is designed by selecting the proportions of aggregates to provide a
gradation meeting the specification requirements and then determining the
asphalt content to provide 4% air voids in the mixture.
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Even though the mix design is typically performed by the contractor, it is
important that QA ensure that the completed design is acceptable prior to
beginning construction of the project. It is also important that the design, as
specified in the specifications, be a recent design since materials, such as
aggregates and asphalt binder, change with time. A design that was conducted
2 or 3 years ago may not be representative of the materials currently available.

A government representative should ensure that the materials and mix design
meet the specification requirements. This will involve reviewing the finished
design and may involve observing some of the lab testing during conduct of the
design.

The overall management of the construction project is the responsibility of the
government and this requires that proactive steps be taken to ensure that the
overall quality is satisfactory. It is not good enough to simply rely on CQD to
ensure that the construction quality is acceptable. This is a recipe for disaster.

The information provided in this section provides guidance to the inspector that
should enhance his/her ability to evaluate the quality of materials and mix design.
This discussion will include aggregates, asphalt cement, and mix design.

3-2.2 Aggregates.

Prior to testing the aggregates, representative samples of each aggregate source
to be used must be taken. There are two types of samples that can be obtained:
representative and random. A representative sample is taken in such a way that
the sample is representative of the entire stockpile of material being evaluated.

A random sample is taken by obtaining a sample in a random location or at a
random point in time. This random sample will likely not be representative of the
entire quantity of material being sampled but it should represent the material in
the localized area where the sample is taken.

Taking a number of random samples and then combining them will provide a
representative sample of the material being evaluated. Representative samples
are generally taken for materials evaluation and mixture design prior to start of
mixture production. Random samples are typically utilized during quality control
operations during the construction process. For example, a sample of asphalt
mixture for gradation testing is normally taken at a random point in time during
the production of the mixture.

It is important that QA observe the condition of the stockpiles that are going to be
used on the project. QA has to be at least knowledgeable enough about the
construction operation to ask questions of the QC people that will help assure
that sufficient control measures are in place to provide a quality product at the
conclusion of the project. A good time to observe the stockpiling operation is
when aggregate samples (ASTM D75) are being taken for mix design.
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It is important to look at stockpiling methods to ensure that excessive segregation
is not occurring. It is also important to look at the stockpiles to ensure that they
don’t contain any organic materials, clay balls, or any other type of contamination
which may affect the quality of the stockpiles. Visually inspecting aggregate
samples in the laboratory or in the office does not provide a good evaluation of
the overall quality of the aggregate. Visually inspecting the stockpiles does
provide a good picture of the quality as far as clay balls, organic material, etc.
This will be discussed in more detail in the section on asphalt plants.

In areas where natural gravels are used it is important to ensure that the gravel is
properly crushed before use in asphalt mixtures (Figure 3-1). Rounded particles
do not provide sufficient shear strength and often result in the mixture rutting
when exposed to traffic. The fractured face count, which is specified in the
specifications, is used to determine if a coarse aggregate is properly crushed.
Figure 3-1 shows crushed gravel on the left side and rounded, uncrushed, gravel
on the right side.

It is also important to ensure that too much natural sand is not used in the mix.
For airfields the amount of natural sand is limited to 15 percent maximum
according to the specifications. Natural sands tend to be rounded which can
result in a mixture stability problem. Also the asphalt often does not bond very
well to sand particles primarily due to the smooth sides and/or high silica content
resulting in eventual stripping within the mixture as well as other performance
problems.

Figure 3-1 Rounded Gravel on the Right and Crushed Gravel on the Left

After the aggregate samples are obtained, the materials are brought back to the
laboratory for testing. The specifications identify the tests that have to be
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conducted and provide the requirements that the aggregates must meet. If in
doubt about the quality of the material being proposed for use, past performance
is often a very good indicator. Since the state Departments of Transportation
(DOTs) do a lot of HMA work and are typically very familiar with specific
aggregates throughout their state, they should be contacted if in doubt about the
aggregate quality or the history of performance for a particular aggregate type.
They will likely have a good understanding of the history of past performance
with each aggregate available within the state.

The inspector cannot oversee all of the sampling and testing involved with the
mix design but enough oversight needs to occur to provide some level of
understanding of what materials are being used and the overall quality of these
materials. The best way to obtain some indication of the quality of the materials
and the way the materials are being handled is to visit the plant where the
materials will be produced.

It is difficult to obtain truly representative samples from stockpiles of aggregate.
The easiest place to take a sample is near the bottom of the stockpile but this
usually contains a coarser gradation since the coarse material tends to roll down
the side of a stockpile when stockpiles are being built or material is being added
to a stockpile.

A typical stockpile is shown in Figure 3-2. When taking a representative sample
(ASTM D75) of the stockpile, several small random samples should be taken at
various points around the stockpile but about ¥z of the way up the side of the
stockpile. It is also important that the surface material be removed when taking a
sample of a stockpile and the material sampled is taken from underneath the
outer material that is removed.

Some stockpiles are significantly high so one must be careful when working
around a stockpile, otherwise, an injury may occur due to the side of the stockpile
giving way. If the stockpile is too high it may be necessary to remove samples
with a loader or some other device to ensure safety to those involved in taking
the samples. A representative sample can then be taken from the bucket load of
material taken from a random location.

When utilizing a loader to retrieve samples, it is recommended that the bucket be
at least six inches above the bottom of the pile to avoid both contaminants and
coarser particles. It is good practice to have the loader go through the face of the
material and then turn the sample over on the ground. Once the sample is on the
ground, the top should be scalped to sample from the “heart” of the material.

Some of the laboratories conducting QC testing for the contractor are not very
well qualified and some oversight is needed to ensure that proper sampling and
testing techniques are used. When the contractor and QC know that there will be
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oversight, they will generally make an effort to ensure that qualified people
perform the work and that all appropriate test procedures are followed. The lack
of good oversight only encourages some laboratories to use some of their less
experienced people on the project often resulting in loss in test quality and lack of
good inspection of the constructed product.

The problems that are most commonly observed with aggregate properties, tests,
and inspections include:

e Too much material passing the No. 200 sieve,
Inadequately crushed coarse aggregate (this only occurs with naturally
occurring gravel aggregates),
Too much natural sand, and

e contamination with clay balls and organics

Figure 3-2 Typical Aggregate Stockpile

The high amount of material passing the No. 200 sieve typically occurs with
crushed stone. Some crushed stone is softer than others and it is this softer
stone that generates high dust content during the crushing operation. There are
a number of ways this high percentage of No. 200 material can be reduced. It
can sometimes be reduced by adjusting the percentages of each stockpile being
used, wasting some of the dust caught in the dust collector, washing the fine
aggregate stockpile, or obtaining a new source of aggregate.

Inadequately crushed coarse aggregate may occur when gravel materials are
used but should not be a problem when crushed stone is used. When the gravel
does not meet the fractured face requirements, this is caused by inadequate set
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up at the crushing operation. In general to produce crushed gravel with up to ¥2
inch maximum aggregate size requires that the minus ¥ inch material must be
removed from the uncrushed gravel stockpile before crushing. So if the quarry
does not first waste this material, adequately crushed material will not be
produced.

Too much natural sand can occur anywhere that natural sand is available. It is
typically cheaper than other aggregate materials so using the sand can result in
somewhat lower material costs. Some amount of natural sand is not detrimental
to the mixture quality but it must be ensured that the amount used does not
exceed the specification requirements of fifteen percent. Once the sand is mixed
with the other aggregates and asphalt, there is no way to determine the amount
of natural sand in the mixture. The only way to measure the amount of natural
sand in a mixture is to measure it from the rate of feed of the sand compared to
other materials during mixture production.

There are lots of examples where stockpiles contain clayballs and organic
material. The most likely source of these problems is the natural sand stockpile
but it can occur in all aggregates. When a stockpile has organics or clayballs, it
should not be allowed to be used in the HMA production. It is unlikely that this
problem will be noticed when materials are sampled and submitted to the
government for review. Generally, the only way to see this problem during the
production process is to closely observe the aggregate stockpiles at the HMA
plant.

3-2.3 Asphalt Binder.

The grade of asphalt binder to be used will be specified in the specifications.
The testing, to confirm that the asphalt cement supplied to the project meets the
specification requirements, is typically performed by the refinery and/or asphalt
supplier and a certificate of tests is provided, with each tanker of material
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delivered to the plant, showing the test results for the asphalt cement. Unless
there is a potential problem or concern, additional testing of the binder is not
typically performed by the government. Certainly if there is reason to believe that
government testing should be performed then this should be accomplished but
otherwise this is not normally performed.

The most common procedure that is used is to take 1 gallon samples of the
asphalt binder during binder delivery and to store these samples for future testing
if necessary. If there is no performance problem after a predetermined amount
of time, typically 1 year after completion of construction, then the samples can be
disposed.

The asphalt binder grading system that is normally used is the performance
grading (PG) system. With this system the grade of asphalt binder is specified
based on the upper and lower temperatures that are expected at the location the
pavement is being constructed.

The most common grade is PG 64-22. This PG grade is designed to ensure that
the asphalt binder is stiff enough to perform satisfactorily up to a high pavement
temperature of 64 degrees Celsius (C) and flexible enough to perform
satisfactorily down to a low pavement temperature of -22 degrees C. If the
pavement is built in an area with a climate that experiences hotter temperatures
then the high end grade of the asphalt binder will have to be increased above the
64 degrees C. If the pavement is built in a colder climate then the low end grade
of the asphalt binder may have to be decreased below -22 degrees C.

The designer will often bump the grade of asphalt binder when paving taxiways,
runways, etc. where there will be slow moving traffic. In other words the high
temperature PG grade may be increased to a 76 from a 64, for example, to
provide a factor of safety against rutting. This higher grade asphalt binder will
likely be more expensive but it will be more resistant to rutting.

Adding the high temperature and low temperature numbers together will help
determine if the asphalt binder is modified (polymer or some other modifier). If
the sum of the high and low temperature numbers exceeds 90 then the asphalt
binder is likely modified. If the sum is approximately 90 or less then the asphalt
binder is likely not modified. For example, a PG 64-22 adds up to 86, hence, this
asphalt binder is probably not modified. However, a PG 76-22 adds up to 98 and
this asphalt binder is almost certainly modified. Generally a modified asphalt
binder will cost significantly more than a non-modified asphalt binder.

It is not uncommon for a contractor to have more than one asphalt binder storage
tank. These extra tanks are needed since many state DOTSs typically use at least
2 grades of asphalt binder for a given climatic area. One grade is used for
normal construction and another grade is used for high volume roads such as
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interstate highways. It is important to ensure that the correct grade of asphalt
binder is actually being added to the mixture being produced.

Even though the correct grade of asphalt binder is added to the mix during
production, the grade can be altered by the amount of heat that is applied to the
mixture. The specifications set an upper limit of approximately 350 degrees
Fahrenheit (F) for the asphalt mixture. When the mix is heated to approximately
350 degrees F or higher, damage will likely occur to the asphalt binder. This high
heat will remove some of the lighter portions of the asphalt binder and some
oxidation will occur during the mixing process.

After the asphalt binder (which is in thin films coating aggregate particles) is
exposed to high heat, it will stiffen and become more brittle and will have more
cracking potential at low temperatures. Hence, care is needed during plant
production to ensure that excessive damage to the asphalt binder does not
occur. lItis important that QC make temperature measurements throughout the
day to ensure that mixture temperatures are maintained within a desirable range
(high enough for the mix to be workable and compactable but low enough so that
the asphalt cement is not damaged).

3-2.4 Mix Design.

After the asphalt binder and the aggregate have been shown to meet the
specification requirements, a mix design can be performed. There is no need to
begin the design before it is known that the asphalt binder and the aggregate are
satisfactory. Retests on both the aggregates and liquid asphalts may be an
option when either material fails to meet design requirements.

There are two methods that are generally used to design asphalt mixtures. The
most common method for airfields is the Marshall method, however, the most
common method for highways is the Superpave mix design method. The biggest
difference between these two methods is the procedure used to compact
samples in the laboratory. The Marshall method uses a hammer (Figure 3-3)
while the Superpave method uses a gyratory compactor (Figure 3-4).

The first step in the mix design process is to perform aggregate gradation tests
on all aggregates to be used and then to determine the percentage of each
aggregate to use in the mixture to provide a blend of aggregates that meets the
specification requirements. This is typically a trial and error procedure that can
quickly determine the percentage of each aggregate. Washed gradations (ASTM
C117) should always be used during the mix design process.
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Figure 3-3 Manual Marshall Hammer
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After the desired percentage of each aggregate is determined, a number of
samples are prepared using these percentages and placed in an oven to heat
and dry the aggregate. Typically, after storing the samples overnight at the
desired mixing temperature, various percentages of asphalt binder are added to
the aggregate blends. Most often, three replicate samples will be prepared at
each asphalt binder content and the samples compacted. The samples should
be compacted with 75 blows per face with a Marshall hammer when designing
mixtures for an airfield or with 75 gyrations with a gyratory compactor if
Superpave is specified for design.

The Marshall hammer should be the manual type (Figure 3-3). Research has
shown that the mechanical and manual hammers provide different results when
used for compaction. Typically the mechanical hammer will provide a slightly
lower density than the manual hammer. This lower density will require that more
asphalt binder be added to the aggregate to provide the proper air void content
after compaction. It is important that the compaction pedestal be placed on and
anchored to a solid foundation prior to being used for compacting samples.
Generally, a concrete slab is used as the foundation.

There have been many instances where the quality control personnel on a
project used a mechanical hammer even though the manual hammer is specified
in the specifications. A mechanical hammer can be used but it must first be
calibrated to determine the number of blows needed to provide a density similar
to that with the manual hammer. This calibration needs to be performed using
the mixture being used for the project since the mixture properties will affect the
correlation between the two hammers. When a mechanical hammer is used for
compaction, a copy of the calibration should be provided to the government.

After the samples are compacted the mixture properties have to be determined.
Properties that are used to evaluate the quality of asphalt mixture include:

Unit weight

Air voids

Voids in mineral aggregate (VMA)
Voids filled with asphalt

Stability

Flow

The mix design should show plots of the mixture properties versus asphalt
content. Typical plots are shown in Figure 3-5. The design is usually conducted
to provide 4 percent air voids in the laboratory compacted samples.
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Figure 3-5 Plots of Mixture Properties
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The mixture properties have typical relationships when plotted vs. asphalt
content. There is always variability in measured mixture properties so the trend
might not be obvious in some cases. As the asphalt content increases the
density increases to a point and then begins to decrease. With some aggregates
the density continues to increase slightly with increasing asphalt content within
the range of asphalt contents normally used. This is not a problem.

As the asphalt content increases, the stability increases to a point and then
begins to decrease with increasing asphalt content. The stability curve looks
similar to the unit weight curve but generally it will peak at slightly lower asphalt
content.

As the asphalt content increases, the air voids decrease. The rate of decrease
reduces as the asphalt content continues to increase.

As the asphalt content increases, the flow value increases. The rate of increase
is higher as the asphalt content continues to increase. The flow test results are
sometimes unreasonably high when using modified binders. This is a problem
with the test and does not indicate a mix that will perform poorly. For this reason,
the flow requirements are generally waived when modified asphalts are used.

As the asphalt content increases, the VMA decreases to a point and then begins
to increase again. Generally the bottom of the VMA plot is very near the
optimum asphalt content. The VMA in the mix has to be above some minimum
number so that a reasonable amount of asphalt binder can be added to the
mixture.

The VMA is a measure of the voids in between the aggregate particles and if the
VMA is too low then there is not sufficient room for the asphalt binder. The VMA
is primarily controlled by the gradation and particle shape of the aggregate and is
most sensitive to the percentage of material passing the No. 200 sieve. As this
percent passing the No. 200 sieve increases, the VMA decreases.

After the mix design is completed tests are conducted to measure the moisture
susceptibility of the mixture (ASTM D 4867). If the mixture is susceptible to
moisture, the asphalt may strip off of the aggregate during the life of the
pavement resulting in loss of asphalt binder from the mixture and thus loss of
cohesion. This testing involves preparing samples to simulate the expected
density in the field. One half of the samples will be conditioned in water and the
other half will not be conditioned. If the conditioned samples lose too much
tensile strength then the mixture fails the test and some adjustments must be
made such as adding an anti-strip agent to the mixture.

Sufficient data must be provided to allow for a good evaluation of the mix design.
The government representative should have a good understanding of all aspects
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of mix design to be able to identify any deficiencies in the design. Some of the
data that should be included in the mix design report are provided below:

e Aggregate properties

LA abrasion

Specific gravity and absorption
Flat and elongated count
Fractured face count

Fine aggregate angularity
Sand equivalency

Soundness

Gradation

O O0O0O0O0O0O0O0

e Percent passing each sieve size for each aggregate used and for the
blended aggregate

Percent of natural sand in the mixture

Plot showing gradation and specification limits

Optimum asphalt content

Table showing volumetric and specific gravity properties of asphalt mixture
Material proportions

Grade of asphalt cement

Compactive effort---number of blows per face with manual hammer or
calibrated mechanical hammer. When using Superpave gyratory machine
show number of gyrations

Lab mixing and compaction temperature

Plot of mix properties versus asphalt content

Tensile strength ratio

Properties of RAP if used

Any additives such as anti-stripping agents, polymers, or warm mix
products

It is not uncommon to have mix designs submitted that don’t include all of the
information needed. A mix design should not be accepted if all required
information is not provided. In this case the mix design should be rejected and
required to be resubmitted.

There are a number of issues that can cause the mix design to not be
acceptable. The most common problems are: failure to calibrate the mechanical
hammer to provide results equivalent to 75 blows with the manual hammer, not
clearly identifying the natural sand, use of too much natural sand, or failure to
meet the minimum VMA requirements. There are also often errors or omissions
in the mix design that need to be identified and corrected before being accepted.
The data and calculations for the volumetrics should be included in the mix
design submission.
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Once the mix design is completed, this provides a starting point for beginning
construction. There are provisions in the specifications that allow the contractor
to modify the mix design based on plant produced materials. The mix design will
likely need to be adjusted once construction begins since the materials produced
during construction will not be exactly the same as that used during mix design.
Typically, the aggregates will break down some during plant production resulting
in a finer mixture than that used for mix design. Hence, the percentage of
materials used will have to be adjusted slightly to provide the same or similar
gradation or the asphalt content will need to be adjusted so that the mixture will
have an acceptable air void content. Normally, when a contractor performs a mix
design, they understand that the aggregate breaks down during plant production
so they use some of the baghouse fines in their mix design to account for the
expected breakdown in the asphalt plant.

3-2.5 Mix Design Checklist.

3-3 PLANT PRODUCTION.

3-3.1 Introduction.

QA personnel often believe that what happens at the HMA plant is a contractor
issue and there is no need for government personnel to get involved with plant
production. Government personnel must do what is necessary to know that the
project quality is being controlled. This may require that the plant be inspected
from time to time. In fact, the only way to know how much natural sand is being
fed into the mixture is to measure the amount of sand being added to the mixture
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at the asphalt plant during production. Also, the plant should be certified to
perform state DOT work prior to being used to produce HMA for military work.

There are items that can be easily checked during mix production. First of all, a
quick check of the plant area can confirm if the contractor has control over the
handling of materials such as aggregates and asphalt binder. Poorly constructed
stockpiles, stockpile contamination, or poor procedures for loading trucks are all
indications of lack of control of mixture quality during plant production.

The QC laboratory, and QA laboratory if applicable, should be validated by the
Corps of Engineers prior to performing any work on the project. The QC
laboratory is typically located at the HMA plant. Hence, it will be easy to visit the
QC lab and observe the plant setup and operation at the same time.

3-3.2 Stockpile Operations.

Gradation control for the asphalt mixture begins at the quarry but usually the
location that the government first sees and becomes involved with the project is
after the material has been placed in stockpiles at the asphalt plant. If there are
issues at the quarry, this can be a problem and this may require a visit to the
quarry to help to solve the problem. Whatever action is needed should be taken
to make sure that a quality product is provided to the stockpiles.

Stockpiles must be created and maintained in a way that minimizes segregation
and contamination in the stockpiles. If there are areas where the work is sloppy,
the QC personnel should make sure that the problem is brought to the attention
of the contractor and is appropriately handled. The government personnel
should notify QC if a problem is observed and the problem is not being
addressed. Many times a deficiency observed by QC personnel will not be
corrected if QA does not take the initiative to make sure that QC addresses the
problem. This is not the way that QC/QA is supposed to work but this is the way
that it must sometimes be handled to encourage QC to adequately perform its
job. If this problem of not reporting obvious deficiencies continues then some
action needs to be taken to make changes in the QC organization.

Generally stockpiles should be created in layers to help ensure uniformity. This
practice of building a stockpile in layers should be followed when initially building
a stockpile and when new materials are added to an existing stockpile. It is poor
practice to drop the material over the back or side of a stockpile as shown in
Figure 3-6. This procedure can result in excessive segregation of the material
(the coarser material tends to run down the side of the stockpile to the bottom of
the pile) and it also creates a safety problem with the loaded truck backing up
near the edge of the stockpile.
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Stockpiles can be created on existing unpaved surfaces or on a paved surface.
The paved surface has advantages in that it allows any water to drain out of and
away from the stockpile quicker. The paved surface also minimizes waste
material at the bottom of the stockpile since there is no need to be concerned
with contamination from the underlying materials. However; it is more expensive,
at least based in initial costs, to pave an area underneath a potential stockpile.
When the area is not paved (Figure 3-7) the bucket loader needs to stay several
inches above the underlying materials. When the bucket loader does get too low
it can pick up some of the underlying material and contaminate a larger portion of
the stockpile (Figure 3-8).

Figure 3-6 Improper Addition of Material to a Stockpile
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Occasionally stockpiles will be contaminated with organic materials such as roots
from bushes and small trees etc. Clay balls can also exist in stockpiles. The
natural sand stockpile is the one most likely to be contaminated with organics or
clay balls. It is very important to inspect stockpiles for any type of contamination
or for any other problem such as segregation that might affect performance. If
problems with organics or clay balls exist, the stockpile needs to be rejected.
Contamination can sometimes occur when high winds blow unwanted materials
into a stockpile. In some cases the fine aggregate stockpiles are placed
downwind (based on prevailing winds) from the coarse aggregate stockpiles to
minimize the fines blowing onto and contaminating the coarse aggregate.

Figure 3-8 Contamination of Stockpile from Underlying Materials

When there are problems with the stockpiles, the QC personnel should identify
the problem, report it, and ensure that the contractor solves the problem. If QC
continuously reports that there are no problems, even when some problems
obviously exist, this is an indication that QC may not be doing an adequate job.
All projects regardless of efforts by the contractor will typically experience
problems at times. When these problems happen the QC should identify these
problems and ensure that they are corrected.

3-3.3 Stockpile Checklist.

Inspecto
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3-3.4 Hot Mix Asphalt Plants.

There are 2 general types of asphalt plants that are in use today, the drum mix
plant and the batch plant. Clearly there are a lot more drum mix plants sold
today than batch plants. The drum mix plants are typically more portable and
have higher production rates than the batch type plants. There are still a large
number of batch plants available but this number is being reduced each year as
newer drum mix plants are replacing these older batch plants. Both plant types
can produce high quality mixtures if set up and controlled correctly during
production.

Typical layout of a batch plant is shown in Figure 3-9. A layout of a drum mix
plant is shown in Figure 3-10.

Figure 3-9. Typical Batch Plant (From National Asphalt Pavement
Association (NAPA))

A-Storage Silo
B-RAP Feeder
C-Baghouse
D-Binder Storage
E-Cold Feed Hoppers
F-Cold Elevator
G-Dryer

H-Plant Scales
I-Control House
J-Hot Elevator
K-Silo Truck Scales
L-Pugmill

M-Silo Elevator
N-Hot Bins

Figure 3-10 Typical Drum Mix Plant (From NAPA)
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Regardless of the plant type, the feeders at the bottom of the aggregate hoppers
should be calibrated so that the desired percentage of each aggregate is fed into
the plant. If the plant is not properly calibrated, the desired aggregate gradation
is not likely to be produced. Sometimes plant operators want to estimate the
setting of these aggregate feeders and make adjustments as mix is produced
and test results obtained. This is not a good approach since it can result in some
less than desirable mix being produced while the plant is being adjusted. This
trial and error process will result in more variability in the materials being
produced adversely affecting performance.

The calibration process basically involves determining the rate of feed for each
feeder, one at atime. The belt speed underneath a particular feeder is varied
and the amount of material being fed into the plant per hour is determined. After
taking several material flow measurements at each belt speed setting, the data is
analyzed to determine the tons per hour of aggregate being fed into the plant for
each setting. A plot is then typically made showing the relationship between tons
per hour and belt speed. The plant operator can now set each belt feed setting
so that the desired percentage of each aggregate is provided in accordance with
the job mix formula and the desired total tons per hour of mixture being
produced.

Typically each aggregate is fed from only one feeder. However, there are times,
when using a high percentage of a particular aggregate, that it is advantageous
to supply the aggregate through two or more feeders since one feeder may not
have the capacity to provide enough material to meet the desired tons per hour.
Another advantage of using two feeders is that the gradation will be averaged
from these two feeders resulting in lower variation of materials in the finished
product.

After the aggregate hoppers are calibrated, there are a number of items that can
happen to affect this calibration. Materials will normally feed differently when wet
and dry so one must be careful when the amount of moisture in the stockpile
changes. In some cases this change in moisture can affect the final product due
to its effect on feed rate. Sometimes some type of object such as a small root or
clayballs can get into the hopper and alter the feed rate. Hence, even after
calibration it is important that someone routinely inspect the feeders to ensure
that all are feeding properly.
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The natural sand is typically the most difficult material to feed since it will
sometimes tend to bridge or plug due to the low volume of material being
supplied to the mix. If a feeder is not feeding properly, a problem will likely show
up when conducting material tests but problems caught earlier by visual
observations can result in a significant savings if unacceptable mixture quality is
being produced.

The mix production temperature is normally selected by the contractor based on
past experience. In recent years, there has been a tendency for contractors to
increase mixture temperatures to ensure that the mix will stay warm enough
during hauling and placement so that it can be properly placed and compacted.
Heating asphalt mixture to higher temperatures has a detrimental effect on the
long term properties of the mixture. These high temperatures effectively drive off
the light ends of the mixture and result in increased oxidation leading to a stiffer
binder that will be more likely to crack and have other durability problems.

According to specifications, mixtures should never be heated to over 350
degrees F. Modified mixtures are often heated to temperatures approaching this
maximum temperature but non modified mixtures are typically heated closer to
approximately 300 degrees F. Excess temperatures will increase the cost for the
contractor due to increased fuel use and eventually cost the government due to
loss in pavement life.

After mixing, most mixtures are temporarily stored in a silo for a short period of
time until the mixture is needed on the project. While some agencies have used
mixes that have been stored for several days, mixtures for airfields should be
used the same day as it is produced. If the silo is insulated then the mixture can
be stored up to 8 hours but if not insulated the mix should not be stored for more
than 3 hours. This long storage time can result in oxidation of the asphalt
mixture resulting in a mixture that will have more of a tendency to crack during
cold weather.

With some mixtures there is also potential for some of the asphalt binder to
migrate down through the mixture resulting in segregation in the asphalt binder
content. This problem may eventually result in localized fat spots on the
pavement surface. While this is not typically a problem with normal dense
graded mixtures it is a problem when using mixes with a higher coarse aggregate
content such as stone matrix asphalt (SMA) and porous friction courses (PFC).

Once the mixture is produced, it needs to be handled in a way that reduces the
potential for segregation. Segregation of the coarse material from the rest of the
mix is a significant problem that has resulted in poor performance on many
projects. There are many locations in the construction process where
segregation can occur.
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The silo is one location where segregation of the aggregate often occurs. The
asphalt mixture should be loaded into a gob hopper at the top of the silo and
dumped into the silo in batches. If the asphalt mixture is allowed to be
continually fed into the silo, segregation will almost always occur as the coarser
material tends to be thrown further from the belt and roll down the cone of
material created at the top of the material in the silo. So, to prevent segregation,
the material is fed into a hopper at the top of the silo and dropped in batches into
the silo. This process decreases the amount of segregation that is observed.

There have been many cases where the gob hopper at the top of the silo was not
functioning properly resulting in segregation. The contractor personnel that
operate the plant generally know when there is a problem with the hopper but as
long as mix is being produced and transported to the site, many operators will not
stop mixture production until they are required to stop. When there is a problem
with the gob hopper, it is likely one that cannot be seen by those simply
inspecting the plant. The inspector might notice that the amount of segregation
has suddenly increased and then when the problem is investigated, it can be
determined that it is a problem with the gob hopper in the silo.

As needed, material that is loaded into a silo is fed into a truck for transport to the
construction site. It is important that the material again be dropped in batch