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1.0 Executive Summary

Airport pavements are essential for public, private, and military infrastructure, and as such, they require
high construction standards to ensure material consistency and built-in safety for aircraft ground
movement, take-off, and landing. The FAA's Advisory Circular (AC) 150/5370-10H and the Department of
Defense's (DOD’s) Unified Facilities Guide Specification (UFGS) are the standard specifications for
constructing airport and airfield! pavements. These guidelines, used domestically by the FAA and globally
by the DOD, are applicable for various loading and operational environments with a range of materials.

Airport owner/operators, or their consulting firms, design and supervise concrete pavement
construction. These stakeholders bring varying expertise and approaches. Similarly, proactive process
control and quality control (QC) in planning, materials acquisition, and construction are essential for
paving contractor consistency and new pavement durability. Contractors also bring varying expertise and
approaches. Therefore, it is incumbent on owner/operators to implement effective quality assurance
(QA) and acceptance functions to meet performance expectations for their critical infrastructure.

Despite stringent contractual requirements and an increased reliance on testing and inspection, both the
FAA and the DOD suspect they might occasionally accept subpar pavement. Evidence includes premature
distress in some pavements, likely because of latent defects due to management of material variability
or practices used as compared to best practices adopted on other projects. The current system of quality
management (QM) and acceptance functions requires knowledgeable individuals performing in all roles
to achieve pavement performance on all projects. At a minimum, quality management catches the
majority of all deviations from a standard and not a random few.

The experience and working knowledge of QC or QA personnel in pavement construction often lack an
understanding of both design and construction standards, as well as materials testing. Typically, QC
managers are individuals with a background in materials testing, while QA managers are usually
engineers experienced in either design or construction, but not necessarily at airports. Airport pavement
QC and QA responsibilities are therefore often misunderstood, and the components of an effective QM
process are not effectively used by owners, engineers, contractors, and other stakeholders. In the worst
cases, project QA and QC personnel get at odds with one another and lose focus on the shared goal of
completing the project to the benefit of the Owner. To ensure a reliable pool of professionals that are
knowledgeable in airport construction, materials testing, and agency standards, FAA and DOD must
increase their focus on educating and training those seeking career advancement in airport construction.

This guide, and the accompanying best practice manual and training materials, provide a renewed focus
on airport construction QM systems to raise the level of knowledge of all involved. This will improve the
preparation of field personnel to control excessive material variability or equipment operations during
the construction process.

Both contractors and engineers need a clear, well-defined system for straightforward interpretation and
execution of contract documents. Employing effective QM systems, with increased emphasis on
management of variability in materials and construction, will increase the confidence of the FAA and
DOD that new pavements meet their performance expectations. This is only achieved when contractors

L1n this report “airport” will be the primary term to applied for runways, taxiways and aprons on the grounds of
either commercial or military facilities. “Airfield” may also be used in specific reference to pavements at a military
facility.



improve their process control and QC activities. However, it is also important to recognize that
constructability issues and poor pavement performance are not solely contractor problems. Effective QM
spans from project planning through project completion, addressing clarity in contract provisions and
recognizing local material limitations.

Discovery through Phase 1 (literature search) and Subject Matter Advisory Team (SMArT) interviews
during the first few months of work on this project affirmed eight key issues related to the challenges
addressed by this research project:

e QC and QA functions on projects often do not work as a team, leading to an us/them mindset
that does not foster successful quality concepts and end results.

e Owners/operators struggle with incomplete, ineffective, and cookie-cutter contractor quality
control programs (CQCP) submitted by the contractor. Some contractors do not apply a true
culture of quality in the conduct of their paving. This can lead to a “checking the box” approach
to QC and process control rather than using “key metrics” to drive decisions.

e Contractors often view QC and QA as ambiguous, with responsibilities and actions often
conflicting in the specifications. Additionally, inconsistencies exist in the way inspection and
acceptance requirements are implemented on different projects.

e Contractors that perform work under FAA AC 150/5370-10H Item P-501 at domestic airports may
also perform work at military airfields using UFGS 32 13 14. 13. There are differences in the use
of QC and QA concepts between the two specifications, resulting in difficulty working under
either or both sets of requirements.

e The limited pool of those in the workforce with a working knowledge of QC and QA concepts
results in a lack of personnel with diverse experience, knowledge, and relationship management
consistent with both QC and QA acceptance functions. Inexperienced personnel are increasingly
responsible for QM and decision making. Tools and training are needed to support professional
development to a minimal level of knowledge deemed necessary.

e Materials procurement issues and delays are becoming increasingly common. The need for
guidance on how specifications are to be interpreted to support consistency in materials for the
construction duration is required.

e Efforts are ongoing to develop performance engineered concrete mixtures (PEM) for concrete
airport pavements (Project No. ACPTP-2021-2). The intent and tools to implement QC and QA
need to consider new approaches as FAA Item P-501 and UFGS 32 13 14.13 evolve.

e The working chain of command on projects, as well as the responsibilities required in the
specifications (and therefore sometimes within CQCP) do not necessarily empower contractor
QC personnel to lead timely decisions or make the necessary changes. QC staff, as well as other
contractor personnel, need to be better educated in the role of QC in effective project
management, and the QC manager given management support to affect the needed changes
during production paving.

e Contractors need clearer guidance on each quality standard to which they will be held, and
inspectors need clearer guidance on how to prioritize enforcement of production tolerance
requirements in relation to final acceptance criteria. In both cases, training on how to make
more insightful judgments on acceptable or unacceptable compliance with requirements would
help bring better alignment and consistency.

The literature review affirmed that there is no existing airport construction guidance document or
training program that currently fulfills these needs. The guidance and training materials developed as
part of this project have been tailored specifically to the unique requirements of concrete pavement



construction for airports. A best practices manual, a model CQCP, and associated training materials have
been prepared using a holistic approach that includes an overview of quality systems and goals while
transferring knowledge on promoting a culture of quality, and the “nuts and bolts” of QC, QA, process
control, testing, and inspection. These resources will raise the bar for quality implementation for airport
construction supporting the FAA’s and DOD’s missions.

2.0 Background

Airport pavements that support the ground movement, take-offs, and landings of civilian and military
aircraft require the strictest construction standards. At the same time, the guide specifications, Item P-
501 in FAA AC 150/5370-10H and UFGS 32 13 14.13, are used by airport owners, engineers, and
contractors with varying levels of experience and sophistication. As engineers, contractors, and
individuals work to meet these high standards in the field, technical and quality problems occasionally
arise. Quality-focused systems in the specifications, proactive QC programs by the contractor,
subcontractors, and material suppliers, and effective QA and acceptance functions implemented by the
owner are all essential to achieving a safe and durable concrete pavement that provides the service life
required of these critical infrastructure components. The FAA Advisory Circular (AC) 150/5370-10H, and
the Department of Defense’s (DOD) guide specification UFGS 32 13 14.13 / UFGS 01 45 00 place
emphasis on the need for QC in airport construction. But neither publication clearly defines roles and
responsibilities of individuals tasked to perform QM as a function of QC. The emphasis of provisions is
perceived to be on acceptance testing rather than QM. Neither the FAA nor the DOD clearly define the
responsibilities of QA other than inspection, documentation and acceptance.

The QM provisions of FAA AC 150/5370-10H, P-501 and C-100, and UFGS 32 13 14.13/UFGS 01 45 00
outline minimum requirements for a contractor. The intent and the minimum requirements for the
owner to provide QA are general in nature without specifics on responsibility. Working knowledge is
highly variable in the entities working on airport pavement construction for government and domestic
airport facilities. In general, QC and QA intent is misunderstood by owners, engineers, contractors, and
other stakeholders. Owners/operators struggle with incomplete, ineffective, and cookie-cutter CQCP
submitted by the contractor. From the contractor’s perspective, they frequently encounter issues related
to QC and QA due to ambiguity and conflicts in the specifications and inconsistencies in the way
inspection and acceptance requirements are implemented by construction management engineers on
different projects. Some of the typical issues relate to the methods used for measurements, different
interpretation of the intent of specification provisions or language, not following testing protocol, and
handling discrepancies between agency and contractor quality measurement data. Additionally, many
paving contractors that perform work under FAA specifications also perform work at military airfields.
Contractors need to be aware of and responsive to the different philosophical approaches to QM of each
agency.

These challenges have resulted in the need for improvements in QM systems used in airport pavement
construction. All parties involved in airport pavement construction would benefit from improved
guidance in QC and QA. Stakeholders performing QC, QA, and acceptance functions each need to
improve their knowledge and understanding of best practices, have access to guidance and tools to
support sound engineering judgment and decision making, and become more proficient at proactively
guiding processes towards consistency and compliance.



Fundamentally, best practices do not differ significantly between highway and airport pavement
construction. Equipment and activity functions are the same. Placing, finishing, and curing paving
concrete are generally the same. However, it is clear from stakeholder interviews conducted during this
project that those in the paving industry generally agree that it requires more diligence to meet the
concrete pavement performance and physical requirements for airport projects than those for highway
projects. Some of this is due to more stringent material requirements, which are related to the reference
standards used to accept materials. Airport pavement specifications require more rigid controls on
durability as compared to concrete materials used for highway construction. This is primarily because of
economics and the use of local materials although specified process requirements also contribute. The
length, detail, and sometimes overlapping/conflicting provisions of the airport specifications also
contribute to the challenge. The material characteristics standards of the DOD’s UFGS specifications are
considered the most challenging by contractors. The FAA’s standards of construction follow closely
behind.

There is technical evidence that concrete pavements typically perform well beyond their design life. The
perception that quality is not there is because one incident at a random location on a project usually
results in disputes. And there is always “the one project” that just does not measure up to comparable
project performance. The difference in perceived quality between pavements constructed under FAA
and UFGS specifications is not the intent of QC and QA provisions. The fact that FAA accommodates the
use of local aggregate sources but the DOD specifications use ASTM standards as a baseline is not a
cause of a lack of quality. The difference is not that FAA requires the Resident Project Representative
(RPR) to perform acceptance testing and DOD uses QC testing for acceptance. Instead, differences in
perceived quality are the result of differences in interpretation of the specifications by QC, QA, and
Owners, situations encountered on different projects, and a host of other causes.

A common question among contractors, engineers, and owners is why, with increased emphasis on QC
and QA, is the perception of quality not there? The question appears to be asked because there is varied
pavement performance under the same loading and environmental conditions. There is variability in the
constructed pavement and variability suggests that at times there are random locations where the
pavement is accepted with one or more metrics outside the acceptable range. One example is the
reduced pay provision where expected performance is anticipated. In many instances, a lower quality
pavement is accepted at reduced pay. However, the true cost to the Owner of the potential performance
deficiencies is not known. Stakeholders see this as a reason to improve QC and QA implementation. The
key question is why is the industry still seeing inconsistent pavement products despite all the
specification and testing requirements?

Stakeholders interviewed for this project stated that project personnel often look at QC and QA as solely
being testing requirements. It is important that each agency that funds airport pavement projects
recognizes that quality is influenced during planning, bidding, execution, and acceptance (for DOD
projects, these phases are project acquisition, contractor evaluation, execution, and acceptance). The
DOD TSWG published manual 3-260-00.23-01, Contracting Airfield Pavement Work, only recognizes one
part of a project - acquisition. Other sources of disconnect are the definitions associated with QM. Every
definition of QC and QA identified in the literature review required “a plan” be prepared. The Airport
Sponsor is required to submit a Construction Management Plan and a Quality Management Plan for
Federally Funded Airport Construction Projects for any project exceeding $500,000, both prepared in
accordance with AC 150/5370-12B. The Contractor must also prepare and coordinate the CQCP, which
must be approved by the Owner/RPR.CQCPs viewed by the authority as nothing but regurgitation of
testing requirements or quotes from the specification, will not be well received and likely not approved



or accepted. The intended function of the CQCP is to acquaint the contractor with the specification
provisions, to bring attention to subjective criteria, and to allow the contractor to explain how they
intend to conform to the contract. Despite the requirement that CQCP provide details to support process
control, it is still uncommon for a CQCP to identify and describe the necessary process corrections during
production and the appropriate timing for these corrections. Additionally, the CQCP should identify a
test that provides immediate feedback to the contractor to detect deviations from the norm. Providing
guidance and a model CQCP can facilitate proactive data collection, which aids in decision-making before
issues occur. A performance-based QC system would structure process control to provide consistency in
the built pavement. This is a shift that should alter how contractors approach QC that must be inherent
in the guide specifications.

Entities involved in funding airport construction lack a consistent understanding of the roles of QC and
QA. FAA and DOD paving projects have differing views on these processes, with specifications from both
agencies blending QC, acceptance responsibilities, and testing requirements. The term QA is not
addressed by either agency as to responsibility, minimum functions, and qualifications. Testing should be
categorized as either process control (i.e., QC) or acceptance testing. This project defines QC, QA,
acceptance, and related terms for airport concrete pavement construction, assigning responsibility and
clarifying each function's intent.

Further, there is a lack of guidelines for effective QC and QA systems in airport pavement construction.
Training new and less experienced personnel remains challenging for all parties, including owners,
engineers, project managers, labs, contractors, and suppliers. Most training happens on-the-job with
mentorship from senior staff, supplemented by industry seminars, webinars, and certification programs.
However, training must also include experienced personnel to provide consistency in the evolution of
practices. There is no comprehensive manual or program covering all stakeholders, technologies, and
challenges. QC and QA talent often come from testing laboratories with limited knowledge of applying
test results, which are usually published administratively. Timely response is crucial; receiving test data
three days late is ineffective for process control. Alternate tests that remove time-consuming steps must
be identified for responsive and timely process control. Many of the current test standards suit
acceptance but are not responsive to process control.

3.0 Objectives

To address these challenges and opportunities, it's crucial to educate and train all stakeholders—owners,
contractors, material suppliers, testing agencies, and others—on effective QC and QA systems. This
training should align with agency specifications and cover basics such as the differences between QC and
QA, acceptance requirements, stakeholder roles in the QA system, quality processes, and risk allocation.
The guidance must be specific to airport concrete pavement construction, rather than repeating highway
community efforts, and should integrate advancements from other Airport Concrete Pavement
Technology (ACPTP) projects.

In preparing the deliverables for this project, the intent of the research team was to help agencies and
owners, contracting and acquisition personnel, engineers, and contractors constructing airport concrete
pavement projects to have a working knowledge of how an effective QC and QA effort is intended to
result in a consistent delivery of the built product. Inexperience and gray areas within the specifications
can be challenging to project personnel serving in both QC and QA functions. To prepare the deliverables
for this project, the research team worked to bridge gaps in understanding the specifications and identify



gray areas where they exist. Guidance was developed to help provide users with both the fundamentals
of concrete paving and support in decision making or “engineering judgment.”

The guidance and training materials prepared as part of this work will help personnel to improve or
develop techniques and risk analysis when using engineering judgment during airport concrete
pavement projects. They will also improve each stakeholders’ ability to interpret situations left up to the
consideration of “reasonably close conformance,” which will improve upon purely black and white
interpretation of specification provisions. Ultimately, the Owner, RPR (FAA projects), or Contracting
Officer (DOD projects) can make the final “reasonably close conformance” decision for acceptance.

Technologies are always advancing, and the resources available to support airport pavement projects are
always changing (often not for the better). As examples, there is a movement towards performance
specifications. There are also new technologies for construction management, testing, and inspection
that are proving to be game-changing for concrete paving QM. Efforts are also ongoing to develop PEM
for concrete airport pavements. The research team was mindful of these emerging technologies and
approaches and integrated them into the work products as deemed appropriate.

Multiple stakeholders indicated that when communication is good between parties, a project goes well.
If communication breaks down, issues arise. Sometimes “pride gets in the way” of communication. The
value of improving communication between owners, contractors, material suppliers, consultants, and
testing firms was also a central focus of all deliverables. It is also critical for all individuals on a project,
regardless of their role (e.g., management, foreman, laborer, other), to be able to communicate
effectively. Deliverables for this project each emphasize that people need to ask questions and have a
working knowledge of what resources are available and to take proactive steps to collaboratively solve
problems.

4.0 Scope of Work and Deliverables

The scope of work for this project included four major deliverables:

Literature review and input from selected stakeholders
Work plan refinement

Development of the best practice guide and model QC plan
Development of training materials

The following is a brief description of the efforts carried out to develop these deliverables.

4.1 Literature Review and Input from Selected Stakeholders

A literature review was performed by the team to supplement our collective understanding of airport
paving QC and QA. The review is provided as Appendix A. The review focused on the following areas:

e Quality systems and approaches to QC and QA for concrete pavements, with an emphasis on
airfield applications.

e Testing and inspection approaches, including conventional methods and those supported by the
PEM initiative.

e Reports and case studies that illustrate the effectiveness of different quality approaches used on
construction sites.



e Ongoing studies related to concrete airfield pavement quality, including those being performed
as part of the ACPTP program, as well as those funded by other sources.

e Technical resources that can be used to supplement the best practices manual and training
materials

Also, at the outset of the project, a targeted Subject Matter Advisory Team (SMArT) was assembled
consisting of representatives from contractors, engineering firms, and airport owners. Twenty-two
SMArT members provided input and perspectives through a video interview. Interview questions are
provided as Appendix B.

The literature review and a summary of the SMArT panel feedback was prepared and presented to the
Project Technical Panel in a Phase | deliverable.

4.2 Deliverables

To create the example CQCP, detailed best practice manual, and training materials, the team used
stakeholder input and literature reviews to identify and address gaps in:

e Quality systems
e Quality control
e Quality assurance

New ideas are presented for consideration and recommendations made for modification of current
specification provisions to improve clarity and the quality process. To be clear, it was never the team’s
intent to rewrite the specifications or to cast aspersions on them in any manner. However, as potential
improvements were identified, these were discussed amongst the team and are included for
consideration.

In some cases, means to align FAA and UFGS specifications also are offered for consideration, on the
understanding that this could benefit consistent quality delivery by contractors that do both commercial
and military airport concrete paving. In a separate submission to the PTP, the team provided a discussion
of unclear or conflicting provisions in AC 5370-10H (FAA 2018) and UFGS provisions encountered in
preparing the best practices manual, model QC Plan and associated training.

Best Practices Manual

The research team created a best practices manual titled "Quality Control and Acceptance of Airport
Concrete Pavements: A Best Practice Guide." This manual clarifies the roles, responsibilities, and
activities of QC, QA, and acceptance ensuring all parties coordinate effectively during each stage of the
concrete paving process, from approval of constituent materials to mixture proportioning to
construction, inspection, and testing.

While contractors are the principal entities responsible for building quality pavement, all stakeholders
influence a project's outcome. The best practice manual is also for an audience of owners/operators,
engineers, contractors, material suppliers, and testing labs. Educating all parties involved helps ensure
personnel understand quality requirements, assurance processes, and their roles. The manual promotes
cooperation between QC and QA personnel to meet specifications and ensure pavement performance,
while clarifying authority and responsibility for enforcement.



Specific airport examples and case studies were integrated throughout the manual to support the
material. Examples and case studies are linked to the specific FAA and DOD specification provisions to
illustrate appropriate points. Lessons learned and pitfalls to avoid are also included where applicable.
The manual includes photographs, illustrations and discussion explaining various testing protocols.
Opportunities to support continuous improvement were incorporated into the narrative.

Special Topic Training Guides

The gaps and challenges uncovered through the literature review and SMArT interviews led our team to
develop detailed information on eight special topics. Written guides and accompanying training
materials were developed for each topic:

e Special Topic 1: Preparations for Executing Airport Concrete Pavement Projects

e Special Topic 2: Prevention of ASR through Aggregate Testing and Alkali Loading

e Special Topic 3: Concrete Aggregate Acquisition and Stockpile Management for Airport Pavement
Construction

e Special Topic 4: Guideline for Qualifying Contractors for Production Paving by Control Strip/Test
Section

e Special Topic 5: Guide to Adjusting Concrete Mixtures Under Airport Requirements

e Special Topic 6: Guidance for Handling of Concrete Beam Specimens

e Special Topic 7: Guideline for Pavement Surface and Edge Testing by Straightedge

e Special Topic 8: Guidance for Pay Factor Combinations

These new resources aim to instruct contractors, engineers, and owner staff on critical QC and/or QA
functions and tests for improved consistency.

Model Contractor Quality Control Program (CQCP)

The model CQCP offers a framework for contractors to create or improve previous plans for airport
concrete pavement projects. Most contractors already have plans for highway, commercial, or airport
projects. The guidance in the newly developed model CQCP will help experienced contractors update
their current templates. The model CQCP also will help contractors demonstrate understanding of the
contract documents and educate the Owner on the intended means and methods, without simply
restating the specifications back to the Owner.

The model integrates QC best practices to support the four stages of concrete paving QC for airports:

e Concrete mixture proportioning studies (prequalification)

e Concrete mixture trial batching and paving demonstration (control/test strip)

e Adjustments (process control) during production paving (including mixture production), and
e Concrete pavement acceptance.

Training Materials

The special topics training briefs, best practices manual, and model CQCP training modules, including
PowerPoint slides and instructor notes, were developed to support the education of all stakeholders
involved in airport concrete pavement QC, QA, and acceptance. These modules are for engineers,
contractors, and owner/agency personnel with some awareness of concrete paving processes. The



training level targets both experienced individuals who may be more resistant to change and those
individuals new to QC or QA roles.

5.0 Key Findings from the Research Project

5.1 Findings from the Literature Review

The literature review (see Appendix A) included review of past and current construction standards, guide
specifications, technical reports, and related documents listed below:

FAA documents

e FAA AC 150/5370-10H — Standard Specifications for Construction of Airports, Items C-100
Contractor Quality Control Program (CQCP) and P-501 Cement Concrete Pavement

e FAA AC1505370-12B - Quality Management for Federally Funded Airport Construction Projects

e FAA Engineering Brief #106 Guidance for Implementation of Changes in Industry Cement
Standard Specifications

e FAAEngineering Brief #34a Referee Testing of Hardened Portland Cement Concrete Pavement —
Percent Within Limits Revision

e Other FAA Advisory Circulars providing minimum requirements for the use of QA and QC on FAA
funded projects

DOD (Military Tri-Services) documents

e UFGS 3213 14.13 - Concrete Paving for Airfields and Other Heavy-Duty Pavements

e UFGS 0145 00.00 10 Division 01 — General Requirements, Quality Control

e USACE ER 5-1-11, USACE Business Process

e USACE ER 1110-1-12 Engineering and Design, Quality Management

e Tri-Services Pavements Working Group (TSPWG) Manual M 3-250-04.97.05 (formerly ETL 97-5)

e TSPWG TSC Report 13-1 Inspector’s Manual for Hot-Mixed Asphalt and Portland Cement
Concrete

e TSPWG M 3-260-00.00.23-01, 16 May 2023, Contracting Airfield Pavement Work

e FAR52.246-12 Inspection of Construction

Industry publications quality-related references

e ACPA EB102e: Best Practices for Airport Concrete Pavement Construction

e Integrated Materials and Construction Practices for Concrete Pavement: A State-of-the-Practice
Manual

e Quality Control for Concrete Paving: A Tool for Agency and Industry

e ACPA EB237P: Concrete Pavement Field Reference: Pre-Paving

e ACPA EB238P: Concrete Pavement Field Reference: Paving

e ACPA SR990P: Understanding Statistically Based Strength Specifications for Portland Cement
Concrete Pavements

e ACRP Research Report 234: Rapid Slab Repair and Replacement of Airport Concrete



Existing training and certification programs

e Industry developed and sponsored training

e ACPA Annual Best Practices in Airfield Pavement Design and Construction Workshop

e Airport Consultants Council (ACC) Construction Administration and Observation Course
e Safety at Concrete Paving Construction Sites (ACPA)

e Proper Use of Stringless Paving (ACPA)

e Best Practices for Handling Aggregates for Concrete Paving (ACPA)

e Best Practices for Constructing Smooth Concrete Pavements (ACPA)

e  GOMACO University

e Guntert & Zimmerman Equipment Training

Agency developed/sponsored training

e Air Force Institute of Technology (AFIT); Airfield Pavement Construction Inspection Course WENG
555

e Air Force Institute of Technology (AFIT); Airfield Pavement Design & Maintenance Course WENG
550

e Army Corps of Engineers Airfield PCC Paving Workshop
e National Highway Institute Quality Assurance for Highway Construction Projects Course 131141
e FHWA Best Practices Workshops and Highway Engineering Materials Course

Certification Programs

e American Concrete Institute (ACI)

e National Ready Mixed Concrete Association (NRMCA) Plant Manager Certification Training
Course

¢ National Ready Mixed Concrete Association (NRMCA) Plant Certification Program

e ACPA Central Plant Certification Checklist

The key findings are provided here (see Appendix A for the full text of the literature review):

e The quality program management concepts should apply to all phases of a project and not just
the construction phase of projects. The DOD publication TSPWG M 3-260-00.00.23-01
Contracting Airfield Pavement Work offers guidance for the project acquisition phase. A similar
publication is not available for FAA projects. As each project is different, there must be planning
before the request for bids that affirms that the project encompasses the scope and that
resources are available to complete the project without unforeseen challenges on issues that
could have been planned for properly. This includes the evaluation and availability of aggregates
and cementitious materials that conform to specifications and an available pool of experienced
talent to perform QC and QA functions prior to the design phase.

e When QC and QA functions do not perform as a team the result is an us/them mindset that does
not foster quality concepts and end results.

e Owners and quality program management teams often face challenges with incomplete, generic

CQCPs from contractors. Contractors frequently treat the CQCP as a mere formality rather than a
tool to promote a genuine quality culture during preparation and paving. The CQCP is not being
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used to inform or train individuals that are tasked daily with paving work. This results in a
"checking the box" approach instead of using key metrics for informed decision-making.

Contractors often see QC and QA as unclear because QA responsibilities and actions seem
improvised, especially with vague or soft metric criteria in specifications. This perception is
exacerbated when various RPRs and QA teams apply inconsistent interpretation of specification
criteria during inspection and acceptance (particularly of the control/test strip) on different
projects (using the same specification criteria). Contractors become aware of these
inconsistencies sharing “war stories” with other contractors.

Contractors working under FAA AC 150/5370-10H at domestic airports sometimes also work at
military airfields under DOD specifications. The differences are primarily in the sections FAA AC
150/5470-10H C-100 and UFGS 01 45 00. One major difference between the two sections is who
does acceptance testing and the authority level for acceptance and pay.

The pool of qualified and experienced individuals available to fill QC and QA management roles
is very limited. The Owner and the Contractor are both vulnerable to being put into a crunch
situation at construction phase start-up without the time to find individuals that have the
requisite working knowledge, background, relationship skills and confidence for effectively
handling QC or QA roles. Those roles are usually filled by those who lack experience or
knowledge of the engineering judgments required of their role. QC management is often
assigned to experienced lab technicians who may not fully understand paving. QA management
is similarly assigned to inexperienced engineers with the intent that they will learn. With these
less experienced individuals making QM decisions, tools and training are essential to ensure they
understand testing, construction methods, and interpretation of specification language.

Material procurement issues are increasingly common. Training of the contractor QC on the
specifications to support consistency in materials acquisition, storage, handling, and process
control is necessary. Acquiring acceptable aggregate from local suppliers is often problematic
because of more stringent durability requirements and the necessary gradation bands are
typically not available from these sources. Most local aggregate producers meet day-to-day
demand for materials that comply with State DOT or local government specifications. Design
engineers should be responsible for determining if acceptable aggregates are locally available
according to the airport specifications, but this does not occur. Many aggregate producers
market their products without including ASTM designations. Additionally, local suppliers may
lack the storage space for a dedicated product in the volume required for an airfield pavement
project.

Research is ongoing to develop performance engineered concrete mixtures (PEM) for concrete
airport pavements (ACPTP Project No. 2021-02). FAA and DOD must look forward and prepare to
understand the differences with new concepts intended to replace conventional specifications.
The intent and tools to implement QC and QA tools, including FAA Item P-501 and UFGS 32 13
14.13, must evolve with technical advancements.

Contractors must put more resources and personnel toward QC process control and assigning
clear levels of responsibility and instilling an effective chain of command for process control

decision-making. The QC responsibilities required in the specifications (and therefore in CQCP
plans) do not necessarily empower contractor QC management to implement timely decisions
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that make the necessary adjustments to the process. All supervisory level personnel should be
educated in the role of QC management and how to make effective process control decisions
toward the goal of consistency during production paving.

e Contractors should use the CQCP to define a standard to which they will hold their crew. The
CQCP must provide comprehensive guidance to the personnel on the minimum requirements of
each process from pre-paving through post-paving that will help meet the company standard. Of
critical importance for the CQCP are identifying the tools to make adjustment decisions to
minimize construction variability. Similarly, QA managers and construction inspectors require
guidance on enforcement of production tolerance requirements in relation to final acceptance
criteria. In both cases, training on how to make more insightful judgments on acceptable or
unacceptable compliance would help bring better alignment and consistency.

The literature review confirmed that there is no training curriculum or published guidance available for
QA and QC personnel (or other stakeholders) to improve their knowledge of best practices supporting
pavement quality, or to establish their roles and responsibilities in achieving quality.

5.2 Findings from the Subject Matter Advisory Team (SMATrT)

During Phase 1 of the research effort, the project team solicited input from experienced stakeholders
that agreed to serve on an expert panel assembled specifically for this project. The expert panel was
called the “SMArT”, which stands for Subject Matter Advisory Team. The SMArT’s input was very helpful
and allowed the research team to clarify existing gaps, challenges, and potential solutions to quality
system issues. The various perspectives of the experts also shaped our proposed work plan and
deliverables.

Each interviewee was asked the same set of tailored questions (see Appendix B). The questions were
crafted so that the research team gained a full appreciation of the different perspectives (contractor,
engineer and owner). The respondents shed light on positive aspects and challenges associated with AC
150/5370-10H, Item C-100, Item P-501, and UFGS Section 32 13 14.132 and Section 01 45 00. The survey
was very helpful in shaping potential improvements to current QM issues.

A condensed summary of the interview findings follows. It is important to understand that these
summarized findings are generally held by all stakeholder factions (contractor, engineer and owner)
unless specifically noted otherwise.

General Observations

Capstone Statement: Each party (owner, engineer, contractor) appears to be operating under a different
interpretation of what QC, QA and acceptance is for airport concrete paving. A lack of clarity of
definitions/roles/responsibilities may be at the heart of this issue, which was expressed for both FAA and
DOD approaches. This is supported by the numerous definitions that are applied to QC and QA by the
agencies.

2 Although C-100, P-501, and 32 13 14.13 may have been the focus of this work, the Quality Control and
Quality Assurance guidance prepared applies to all items of 5370-10H and UFGS Sections.
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e Terminology used in the FAA and DOD specifications does differ, which is challenging for all
stakeholders to navigate. Clarity and consistency regarding the quality process, the components
and the systems involved were identified through SMArT interviews as important to improving
the interaction (teamwork) of the parties involved in either FAA or DOD concrete paving
projects. A quality system explanation along with well-defined quality components should be a
priority. This includes the process of project planning for acquisition, developing a scope of work,
developing project contract documents using available resources and funding provisions that
provide reserves during expected resource interruptions.

e Agencies are encouraged to remove subjective statements from their guide specifications or
improve provisions by requiring engineering judgment based on risk assessments and factual
data. The input from the SMArT interviews suggested that further clarity of the intent of certain
provisions may be needed to improve interpretation of what is required, particularly regarding
means and methods versus acceptance criteria. QM personnel cannot be assumed to be
experienced engineers. Even professional engineers have different degrees of experience and
exhibit different standards of judgement.

e Some decisions made outside of the sphere of influence of project personnel can impact
pavement quality. These decisions are often associated with changes to the expected project
schedule, such as a delayed notice to proceed, a change of corporate priority, or new mission-
critical timelines. These factors may accelerate or compress the construction schedule but are
unlinked to acceptance criteria. Such changes often introduce conditions that are not in the best
interest of achieving quality concrete pavement. Some corporate-level training on the impacts of
higher-level policy decisions and procurement procedures was identified as a potentially helpful
resource for improved paving quality outcomes.

Guidance and Training

Capstone Statement: The goal of this project to produce a best practice manual with supporting training
curriculum was confirmed through the interviews. Thorough guidance and training specific to the real
expectations of airport concrete paving QC and QA do not exist. It appears that the DOD provides more
pre-construction orientation than the FAA. Much of the printed orientation for QC covers “paperwork”
requirements, but not necessarily the working knowledge required to perform QC. Similarly, thorough
orientation materials do not exist for the QA function. (The interviewee’s perspectives were consistent
with the literature search finding that general/best practices and lessons learned specific to QC and QA
for airport paving are not available.)

e The interviewees consistently suggested that the overwhelming majority of QC and QA
personnel training is offered on-the-job, with newer staff paired with a more senior staff
member. Presently, most knowledge is often only transferred locally, (i.e., within a
company/firm/agency).

e Some interviewees identified barriers to effective on-the-job training, including time restrictions,
the limited number of projects under which an individual can receive training prior to being
needed to perform a job, and the perception that there is an unwillingness of some senior
personnel to share their knowledge.

e Most interviewees expressed a preference for in-person training, although a good number
suggested that virtual training, if engaging, would be useful.
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Interviewees suggested joint training sessions for contractors and engineers to understand each
other's roles in the system. Cross-training fosters empathy, teamwork, and enhances
understanding of the work as a process.

Owners and engineers noted that many agency authors of airport specifications have retired,
leaving newer staff unaware of the reasons behind certain existing provisions. All parties
interviewed expressed in some fashion that 1) training that includes “the why” would be very
valuable, and 2) personnel need to better understand the intent behind specification provisions,
why tests are performed, the different interpretation of test results for QC and QA, and how
proactive decisions could assist in controlling quality outcomes.

Input also confirmed that illustrative specification examples are helpful and provide a means to
integrate field experience into the manual. The guidance and training should be appropriate for
a wide range of stakeholders (engineers, QA personnel, QC personnel, superintendents, etc.).

All parties expressed concern for the knowledge and experience level of the individuals being
placed in QC and QA positions. To address the knowledge gap, interviewees liked the idea of
developing tools to support 1) fundamental education, 2) raising the point-of-entry-knowledge
on specific challenges (such as straightedge testing), and 3) tools and testing protocol to support
informed decision making or engineering judgement.

Some interviewees expressed concern that the information produced as part of this project may
become outdated as specifications or means and methods evolve. Guidance and training must
be developed with an inherent update schedule that acknowledges continual advancements in
the industry. Content on the use of new technology (e.g. PEM, e-ticketing, bar codes, and cloud-
based construction management software) would be useful.

The Owners and engineers interviewed suggested that the guidance from this project should
help smaller airports and/or less sophisticated operations potentially consider and implement
concrete pavement using solid QC and QA approaches. Ultimately, the size of the project may
matter more than the size of the airport.

Culture of Quality

Capstone Statement: The contractor corporate philosophy will guide the level of quality required of the

project team. The perspectives of those interviewed all suggest that if quality in paving is a priority of
corporate and project management leaders then an expected level of excellence can be achieved in the
field. However, QA functions during projects can devolve into a mindset of us versus them that does not
foster successful quality results. There must be leadership by both the Owner and the contractor that
instills a new cultural focus that “when process control and appropriate adjustments are made, then
quality will follow”.

All stakeholders on a project need to understand what is expected of them and why. This is the
only way they can develop the work ethic and desire (or care) to produce (for QC) or enforce (for
QA) work that meets the Owner’s desired standard.

Contractors consistently state that promoting an even playing field during the bidding process

would improve project-to-project consistency. A construction company that understands and
promotes material management as a necessary means to meet the specification will include the
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extra personnel and effort in their bid proposal to ensure that they can attain a high level of
consistency. Other construction companies never ask, “are we capable of providing the level of
quality required by the FAA or military specifications?” before bidding. There must be diligent
planning to have a bid process the separates the contractor who includes quality in their mantra
from the one or two who would either risk “figuring it out on the fly” or strategically take
advantage of change-orders, legal approaches, and gray areas in the specifications.

e It was generally recognized that individual pride often gets in the way of effective
communication. This occurs with contractors, engineers, and owner personnel. It was
emphasized that project team members involved in QC and QA need to ask questions, know
what resources are available, and take proactive steps to collaboratively solve problems. It is
important to make sure personnel on either side ask the right questions, based upon empirical
history and not literal interpretations, and receive answers with the same intent to resolve
matters and not combat each other. Numerous responses to interview questions suggested that
passionate and educated people are a pleasure to work with. People without experience or
knowledge related to a provision will lean strictly on literal reading of the specification without a
full appreciation of the intent.

e Owners and engineers felt that contractor personnel have the time to give more attention to
detail and monitor QC testing as a process than they are giving. This plays into the perception
that the contractor is not interested in quality but is only interested in meeting acceptance
metrics regardless of the range of witnessed variability in testing. From the contractor’s
perspective the agency is only interested in the acceptance metrics for pay. Guide specifications
must encourage performance (process control) and not assume that acceptance is equal to
expected performance of the pavement.

e Almost everyone on the SMArT indicated that fostering a spirit of collaboration is essential to
success. Project personnel need to be reminded often that their success or failure (in their
individual role) impacts the success or failure of a team effort.

Quality Management through Quality Assurance

Capstone Statement: Owners have limited opportunities to hire or contract with experienced individuals
who understand QA criteria. Many interviewees noted the increasing difficulty in finding qualified
personnel capable of using engineering judgment, and making proactive decisions, amid high demand.
Many QA staff lack exposure to process control. Firms offering airport pavement design or testing
services often assign seasoned employees to high-profile projects, reducing available choices for QC or
QA roles. The DOD allows individual services or subordinate agencies to provide QA via
architect/engineering (A/E) firm contracts or in-house resources. Construction companies are frustrated
with inexperienced personnel performing tests, inspections, and enforcing specifications.

e A common view by SMArT members suggests that the role of the QA function differs between
DOD and FAA projects. This is most likely because the FAA requires the RPR to perform
acceptance testing while the DOD requires the Contractor to perform acceptance testing with
random verification.

e Owners and engineers on the SMArT pointed out that the on-site presence of people performing

a QA function varies greatly between projects. They suggested an intermittent presence by the
individual, recommending acceptance of work is a limitation of the current approach. Presence
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and engagement of QA personnel at the jobsite increases communication and feedback on
decisions or review of QC reports to the contractor. Presence and engagement of the QA
function allows for improved understanding of challenges and application of engineering
judgment to resolve issues.

While the contract function and authority of QA personnel is usually well defined in the
agreement with the Owner, different individuals may over-reach their authority while others
underperform. Overreach of authority gets the most attention. On DOD projects the QA is
directed to observe, report, and recommend. This gives the perception of managing quality, but
they have no authority to enforce specification provisions. On FAA projects the RPR has final
authority for interpretation of contract specifications but does not have authority to accept work
that is not within reasonably close conformance with the specification requirements (Section 50,
AC 150/5370-10H). There is often no opportunity for the paving contactor (on DOD projects) to
interact with the Contracting Officer (the signatory to the contract) to have equal input during a
dispute.

The contractors expressed the interpretation, and the relevance of specification provisions will
vary between projects. This will catch them unaware because the guide specification may be
customized locally. For example, P-501 at two different airports may have differences. The bigger
the airport, the more likely that customized approaches and modifications to standards are
applied. Each airport project is different with each having different challenges which is why a
one-size-fits-all approach is inappropriate.

Many of the contractors noted that there are opportunities to enhance the enforcement of
means and method requirements alongside QA acceptance criteria. Utilizing ranges instead of
fixed targets for method requirements could be beneficial. Ranges would allow QA personnel to
apply engineering judgment. The impact of some existing prescriptive requirements on overall
pavement quality should be reconsidered to ensure they support the construction of high-
quality pavements effectively. For example, in the DOD specification, evaluating whether a
minimum 2.5 foot per minute paver speed requirement truly aids in constructing a good
pavement could be helpful (a subject of ongoing ACPTP research project 2023-8).

Most of the contractors and engineers interviewed responded that improved guidance for when
QC and QA test results disagree (both FAA and DOD) would be helpful. For example, referee
procedures when strength tests disagree or when the extent of a surface defect suggests
repair/removal may be necessary.

Quality Control

Capstone Statement: Even though the contractor equipment/personnel are often the same, there is a

difference in the “degree of difficulty” for contractors to meet airfield specifications compared to
highway specifications. It was evident throughout the interviews that the bar is higher on airfield paving,
particularly with materials. Airfield paving specifications are more performance-based with
accompanying means and method requirements; owners aim for durability and safety to a higher
standard than highway agencies. It is imperative that contractors appreciate that airfield specifications
require them to plan for QC and carry out QC and process control to a higher expectation.

The specifications are the reason airport concrete pavement projects are considered different
and are perceived as more challenging than most other types of concrete paving projects, even
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though the equipment, personnel, processes and materials are similar. According to the
interviewees, DOT paving requirements are easier to meet than FAA requirements, and DOD
requirements are more challenging than FAA requirements.

Some owner and engineer interviewees mentioned disappointment with incomplete, ineffective,
and cookie-cutter QC plans submitted by contractors. The belief is that some contractors do not
apply a true culture of quality in their airfield paving, but rather just “check the box” for required
QC and process control rather than using it to drive their decisions. QC needs to be viewed by
the contractor as an investment that reduces risk and supports the potential for greater profits.

Engineer and owner interviewees indicated the minimum specified QC testing should not be
considered enough for certain projects, and they expect to see contractors to do more to control
their operations. Testing more frequently (or more characteristics) may be critical to provide
information needed to proactively control the paving process. The Engineer and Owner must
include expectations for more testing as part of process control in contract documents.

The contractor and QC consultant interviewees cited difficulty in attracting and retaining
experienced personnel. The issue may start at the time of bidding — who is available to do the
work when the notice to proceed is given? If new personnel are hired, they may likely not
understand the “why” needed to control the work. DOD specifications have a set of stringent
requirements for the experience level of QC managers. Given personnel shortages, contractors
suggested these requirements can be challenging to meet. Additionally, some of the academic
requirements do not necessarily ensure that the individual is qualified to perform QC functions
effectively.

A CQCP is an early submittal requirement to ensure that the QC provisions are in place, but
engineer and owner interviewees suggested that contractors do not always use their CQCP
during project execution. When effective CQCP are established, it comes down to the personnel
executing the work to use them to ensure success.

Chain of command issues were mentioned by multiple interviewees as it is not always clear who
is empowered to make changes to the paving techniques (or to stop production while issues are
solved) before defective concrete is placed. The prevailing belief is that this depends on the
company philosophy and the extent to which the contractor values QC. Ensuring field
supervisors listen to and respect QC recommendations was cited as important by several
interviewees.

The required testing burden can be excessive for some contractors and sometimes a QC lab is
hired by the contractor to do the work. It was mentioned that with this arrangement the lab
personnel may not be fully engaged, and the data may be collected and reported, but not used
to affect the contractor’s work processes and controls. Testing and inspection should be
performed in a manner that supports process control and proactive decision making.

Contractor interviewees mentioned that materials procurement issues and delays are becoming

increasingly common. They indicated a need for improved guidance on how to work within the
specifications with changing materials/sources.
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e Establishing lot sizes was mentioned as a challenge encountered on projects. Large daily runs are
not a problem, but interpretation of lot definitions in the specifications can lead to “over-
testing” fill-in work and small areas.

e Contractor interviewees indicated that control charts are being produced as required, but they
are not always effective in driving decisions because the tests are not timely. One interviewee
suggested that contractors didn’t want their QC managers taking their eyes off the operation to
fill out charts. It was generally held that the charts are often just handed over to QA personnel,
the RPR, or whoever oversees the project as a reporting format. Therefore, this becomes a “box
checking” exercise and contractors use other indicators for operational control. A revisit to the
required control tests may identify what is effective and the minimum needed for a given
project.

5.3 Definitions

The team was tasked with developing definitions for key terms used in QM systems for airport concrete
paving projects. Informed by the literature review, SMArtT interviews, and other project activities, the
team developed definitions included in this section. Prior to introducing the definitions, supporting
context is provided.

Quality management systems (QMS) generally involve quality control (QC), quality assurance (QA), and
acceptance protocols designed to maintain standards in manufactured products by testing samples of
the output. The application of these principles in airport concrete pavement construction is more
complex compared to other, more controlled manufacturing processes. Discussions with SMArT
participants and findings in the literature indicate that ambiguity arises in the testing results and
specification interpretation between QC and QA functions due to a shortage of personnel with adequate
knowledge of either function. Furthermore, the lack of education and training among personnel
contributes to a fundamental misunderstanding regarding the roles and responsibilities of QC, QA, and
acceptance functions.

A fundamental challenge stems from the subjective nature of the term “quality” for which each person
or sector may have its own definition. In technical usage, quality can have two meanings: 1) the
characteristics of a product or service that bears on its ability to satisfy stated or implied needs; 2) a
product or service free of deficiencies. According to Joseph Juran, quality means “fitness for use”;
according to Philip Crosby, it means “conformance to requirements.” (ISO Quality Glossary 2022). As part
of Phase | of this work, the definitions of quality used by organizations such as ISO, FAA, USACE, and the
American Society for Quality (ASQ) were summarized. Some similarities exist, but it was evident to the
project team that no single definition for either of these terms was agreed upon by these entities.

Typically, QC is focused on finding deviations through testing. This applies to details like monitoring
aggregate sources delivered to the stockpile during production (for risk of aggregate segregation during
screening). QC teams must monitor production consistency and demonstrate that materials/pavement
are within required tolerances. QA is usually focused on minimizing visual sources of defects and
watching the contractor’s means and methods. This focuses on avoiding impacts on performance (such
as FOD potential of concrete paving). As such, these necessary functions are interrelated but also come
from two differing perspectives/objectives. QA teams must not only ensure the contractor is performing
QC but also evaluate test results to gain confidence that defects are not present and that specified
parameters are met. Acceptance assures the Owner that the pavement is constructed to support the
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design intent (i.e., service life). All functions must focus on the process and not on predicting
performance based upon hard or soft metrics that are not related to quality.

Definitions applied in the manual and accompanying training materials:

e Quality Management (QM): A management philosophy of all entities involved in producing,
measuring, and paying for the work. It relies on educated and trained people with the technical
skills required to properly use allowable tools, means and methods intended to control, and
measure the materials and outcome of pavement production/placement. [In practice, the RPR
(FAA Projects) or Quality Assurance Manager (DOD projects) carries out the QM philosophy on
behalf of the Owner for the purpose of assuring the Owner that the Contractor can provide a
consistent supply of materials sourced, mixed, placed, finished, and cured to meet predictable
and expected performance requirements. This includes:

o An Owner review of a written Contractor-prepared process control logic for making real
time assessments.

o Areview of the Contractor-prepared CQCP, in which the Contractor must demonstrate
that process control is understood and that the logic will be effective in the identification
of deviations and process corrections during production.]

e Acceptance: A term unique to FAA that is intended to ensure that all work paid for by the Owner
complies with the contract specifications and that all materials incorporated into the work, as
well as all elements of the work product will perform satisfactorily as intended by design.

e Quality Assurance (QA): Standard term for all the planned and systematic programs, tests and
actions necessary to provide confidence that the quality of a product is what it should be, and
will perform satisfactorily in service. [In airport paving, QA addresses the overall process required
by the Owner of obtaining the quality of a concrete pavement in the most prudent manner
possible to meet the operational goals. Within this broad context, QA includes some elements of
quality management (QM), quality control (QC), acceptance, dispute resolution, laboratory
accreditation, and personnel certification. QA involves continued evaluation of the activities of
planning, design, development of plans and specifications, advertising and awarding of
contracts, acquisition of materials, construction, maintenance, and the interactions of these
activities.]

e Quality Assurance Manager (QAM): A person, or persons, retained by the Owner, with a working
knowledge of airport pavement design standards, construction means and methods, materials
variability and sources of variability in concrete and other pavement materials, sources of
variability in testing, and process control. On FAA projects, the QAM is often the RPR. [The QAM
is expected to audit the QC program (construction processes and testing program), evaluate the
database and/or means and methods and forecast the outcome. The QAM provides the Owner
assurance as to whether the process witnessed can be expected to meet specification and
performance requirements. In instances of materials not meeting specified standards, the QAM
will demonstrate an understanding as to why, and have suggestions for the Contractor to modify
the materials, methods, or process to improve results.]

e Quality Control (QC): The requirement specified by the Owner for the Contractor to monitor,
assess and adjust their production or placement processes to ensure that the final product will
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meet the specified level of quality. QC includes sampling, testing, inspection, and corrective
action (where required) to maintain consistent control of the production or placement process.
[The Quality Control Manager implements the QC program for the primary purpose of assuring
the Contractor that the production and paving crew is applying a consistent supply of materials
sourced, mixed, placed, finished, and cured to meet the Owner’s defined requirements. This
includes:

o Procedures for acquisition and production of acceptable materials.

o Continuous monitoring and timely application of data to bring unacceptable
material/production/placement deviations into tolerance (process control).

o Activities in addition to the specified QC activities that the Contractor may elect to self-
monitor to ensure the specified level of quality, and which may not be used for
acceptance.]

Process Control (PC): Active monitoring and adjustment of material and construction consistency
elements to keep materials testing within defined measurement tolerances, minimizing concrete
paving variability and producing the desired output. [Process control in concrete airport paving
includes self-inspection, visual monitoring, sampling, testing, and proactive corrective action
performed by the Contractor. This also may include monitoring of factors not required by the
Owner in the project specifications.]

Quality Control Manager (QCM): A person, or persons, provided by the Contractor, who has a
working knowledge of material acquisition and airport concrete pavement construction, as well
as implementing a quality control plan, including process control. [The QCM wiill:

o Have knowledge of the sources of variability in construction means and methods,
concrete materials, geotechnical materials, testing and process control.

o Beeducated and trained to exhibit a working knowledge in the use of those tools, means
and methods used, and the authority to oversee, and provide a QC protocol, and

o Demonstrate talent for the identification and correction of deviations in real time.]

Quality Control Plan: A project-specific document prepared by the Contractor that identifies all
QC personnel, chain of command, and procedures that will be used to maintain all production
and placement processes within tolerances and meet the Owner’s requirements. The document
also must address actions to be taken if a process goes out of the allowable tolerance.

Contractor Quality Control Program (CQCP): Contractor-implemented system (required in FAA
5370-10H, Item C 100) intended to provide assurance that all materials and construction
processes comply with the project specifications and the expected performance of the
pavement. It requires the contractor to plan, organize, and execute QC measures throughout the
construction process. The CQCP includes protocols for materials testing, inspection,
documentation, equipment operation, and guidance on correcting deviations due to material
handling or environmental adjustments. This ensures product consistency meets the required
standards.

Construction Management Program (CMP): Owner’s plan (required of sponsors by FAA) that
details the measures and procedures to be used to comply with the quality assurance provisions
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of the construction contract, including acceptance provisions and tests required by the federal
specifications.

e Control chart: A graphical plot of QC measurements or test results used to identify variation in a
production or placement process due to either chance causes or assignable causes. For each
measurable factor, control charts include target value and tolerance limits (upper, lower or both)
for which the measurable factors are monitored and/or reported.

e Acceptance: The process whereby all factors used by the Owner (i.e., sampling, testing, and
inspection) are evaluated to determine the degree of compliance with contract requirements
and to determine the corresponding value for a given pavement as delivered by the Contractor.

e Dispute Resolution: The procedure used to resolve conflicts resulting from discrepancies
between the Owner’s and Contractor’s test results of a sufficient magnitude to impact
acceptance and payment, and addressing and working through disputes related to non-
compliance with plan and specification elements (e.g. failing test results, pavement defects),
typically tied to acceptance and payment. [The procedure to resolve conflicts may include the
testing of retained (extra) test specimens or other “referee” samples, an investigation to identify
equipment or procedural deficiencies, resampling, retesting, and/or use of third-party
arbitration.]

6.0 Description of Deliverables

6.1 Best Practices Manual

A summary of the manual is provided below:

Chapter 1: Introduction

The best practice manual provides background information and an explanation about the need for the
document, establishing the need for qualified personnel, the status of resources that support quality-
related activities, and the need for training and education applicable to the QC and QA functions. The
need for a culture of quality is emphasized, and the basics of QM are presented. The role of quality is
described through the lens of failure costs and appraisal/prevention costs, with an emphasis on the
benefits of quality to support both project and success, financial gain, lowered risks, and employee
retention. The chapter presents a holistic review of quality systems, along with establishing the common
definitions applied throughout the manual, model QC plan, and training materials.

Chapter 2: Quality Assurance for Airport Concrete Pavement

Quality assurance functions are the subjects of Chapter 2, which provides an overview of the roles,
responsibilities, and activities of QA personnel serving both FAA and DOD projects. The impacts of
product procurement and design on quality are addressed, with recommendations regarding proactive
decisions that can be made in the early stages of a project to support quality.

Chapter 3: Tools for Quality Assurance and Acceptance

Chapter 3 provides an overview of risks that must be considered and addressed by the owner and QA
personnel. A discussion on issues such as schedule slip, variability, design flaws and omissions,
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unplanned events, and the impact on and meeting performance standards are presented. Best practices
regarding communication and data are provided. The chapter also provides general details regarding
tools that support QA, including diagrams and flowcharts, checklists and datasheets, spreadsheets and
databases. An in-depth discussion of QA tools including the CMP, construction project reports, and final
construction report, is presented. Introductory information on statistical sampling, acceptance
approaches, and tools for acceptance are provided.

Chapter 4: Quality Control Programs, Quality Control Plans, and Process Control

Chapter 4 introduces the fundamentals of QC, including the plan-do-check-act cycle (or variants of this
classic cycle) that can be used to improve construction quality. Best practices in communication and
process control are discussed. The elements of a QC program, including the organization, people,
processes, and procedures are presented. The background on contractor CQCP is provided, along with a
framework that can be used to develop a CQCP or review existing plan templates to identify gaps and
opportunities. QC requirements for FAA and DOD projects are presented, providing guidance for sound
practices that span across projects and occur during individual projects.

Chapter 5: Quality Control for Concrete Pavements

Chapter 5 provides a description of materials used for concrete airport pavements, along with process
control and QC required to support an understanding of both quality and variability of these materials.
Chapter 5 also provides an overview of each step of the concrete paving process, describing best
practices and providing detailed descriptions and checklists of QC activities, inspections, and
measurements. Where applicable, the specifications were described and linked to the
recommendations.

Guidance was included to ensure that contractors clearly understand that their CQCP should be tailored
to each project, and have the breadth, depth, and descriptive content to support the actual
implementation of the plan. The guidance also includes information and best practices to support
material supplier QC, sampling and testing plans for both conventional and emerging PEM tests, and
inspection activities. Ultimately, the aim is to make a CQCP that is not just a requirement but instead a
central part of a contractor’s operation to reduce uncertainty and lower risks and penalties.

Recordkeeping was also stressed as a critical component of QC and helpful in the acceptance decision at
some point. To the extent possible, the material included in the manual was crafted to align with the
findings, outcomes, and deliverables from the other related ACPTP projects (ongoing at the same time of
this project). Most of these projects, if not all of them, aim to develop proposed specification provisions
related to alkali-silica reactivity (ASR), PEM, and rapid repair, rehabilitation, and reconstruction of
concrete airport pavements.

Chapter 6: Tools for Quality Control of Concrete Airport Pavements

Chapter 6 provides an overview of tools to support the QC process, including guidance for use of
statistics to support QC and acceptance, along with information on action and suspension limits, risk,
and how to address discrepancies between contractor and agency data. Common sources of dispute
(such as CF/WF requirements, strength test results, placing and consolidation, finishing and curing, etc.)
are also addressed, providing example case studies to illustrate common issues that arise, appropriate
responses by each party, and paths to resolution. An understanding of “how bad is bad” on the part of all
parties is addressed in a number of case examples.
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Chapter 7: Acceptance

Chapter 7 provides an overview of pavement acceptance for payment, including the intent of QA,
defining acceptance requirements, the role of personnel in supporting acceptance, and best practices for
laboratories, personnel, and QA acceptance functions. The chapter also presents a discussion on
authority, responsibility, and enforcement. It further discusses discrepancies between agency and
contractor data and describes statistical tools to support acceptance.

Chapter 8: Closing

Chapter 8 summarizes the contents of the manual and provides context regarding changes in
specifications and advancements in technology. It also reinforces the need for training of all personnel
associated with a concrete paving project, proactive planning, effective communication, and a
commitment to quality.

Appendices

The Appendices to the manual include eight Special Topic Training Guides focused on challenging issues
identified as part of this project. The Special Topic Training Guides were written in a manner that allows
them to serve as stand-alone guidance to all stakeholders interested in learning about the topic,
understanding the specification requirements and QC/process control needed to meet those
requirements, and means to navigate issues and/or disputes. The eight Special Topic Training Guides
include:

e Special Topic 1: Preparations for Executing Airport Concrete Pavement Projects

e Special Topic 2: Prevention of ASR through Aggregate Testing and Alkali Loading

e Special Topic 3: Concrete Aggregate Acquisition and Stockpile Management for Airport Pavement
Construction

e Special Topic 4: Guideline for Qualifying Contractors for Production Paving by Control Strip/Test
Section

e Special Topic 5: Guide to Adjusting Concrete Mixtures Under Airport Requirements

e Special Topic 6: Guidance for Handling of Concrete Beam Specimens

e Special Topic 7: Guideline for Pavement Surface and Edge Testing by Straightedge

e Special Topic 8: Guidance for Pay Factor Combinations

6.2 Model Contractor Quality Control Program (CQCP)
The model CQCP deliverable includes:

e An outline or framework of a CQCP, and
e A detailed model CQCP that could serve as a template for stakeholders.

The Model CQCP is designed to assist contractors to improve the consistency of operations involved in
the construction of pavements built under a specification prepared by either FAA or DOD. The content
will particularly help contractors less familiar with the airport paving work to improve their operations
and consistency to meet the Owner’s expectations. The model CQCP will become the “go by” for
contractors to implement company QC policies and approaches. It was not developed in a manner where
it becomes another “cookie cutter” CQCP, in which the material is simply copied by the contractor.
Instead, the model CQCP will provide a framework or template, guiding the contractor on the primary
information to be provided in the plan. Notes provide guidance on the project-specific characteristics
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and requirements that should be considered and addressed in the plan, along with suggested resources,
references, guidance documents, and tools.

This approach will benefit stakeholders at various levels of sophistication in their QC efforts — parties that
have very limited QC capabilities could benefit most from a detailed template to help guide their
improvements, while more experienced stakeholders may use the material to identify areas for
improvement.

The information will also assist contractors in developing an appropriate, project-specific CQCP with the
required level of detail and should assist in raising the quality of these plans, as well as the uniformity of
content. Although the manual is aimed at contractors that have room to improve their QC, advice can
benefit even the most sophisticated, experienced airport paving contractor.

6.3 Training Materials

Fifteen new training modules are available from this project. The modules follow the best practice
manual’s seven chapters and eight special topic guides. The instruction materials are designed for
various delivery methods, including live and online, synchronous and asynchronous, however the

modules primarily support classroom instruction.

The modules emphasize:

e The definitions of QC and QA for airport concrete paving and how the personnel working in
either capacity should consider each other to have the same team goals (they interrelate on
projects).

e QCis not a data gathering and reporting exercise, but rather a critical construction culture
necessary to perform FAA and DOD concrete paving work with consistent results.

e An effective QC/QA framework is comprehensive, includes recommended personnel for success,
and communication protocols to prevent small deviations from becoming significant issues.

e The importance of each measured quality factor in concrete pavement performance to support
why the extra effort on QC pays off. Minimizing FOD through mixture design, aggregate
selection, and paving techniques is crucial. This knowledge highlights the purpose and
significance of everyone's efforts in building high-quality airport concrete pavements and how
each QC factor integrates with others.

e Available testing options, along with their processes, procedures, and implications, including
those considered most suitable for success in specific applications.

e Fundamental statistical concepts for quality measurement, encompassing types and sources of
variability, subdivision into lots and sublots, significant digits in measurements, process control
charting, and the necessary documentation to accurately reflect data.

e Quality parameters that can be measured in real time, plotted on control charts, and used for
proactive decisions to maintain paving operations.

e Sequential order and the timeliness of performing testing for all stages of project QC and QA.

e Chain of command practices, including QC staff knowledge and the QC manager’s authority to
make needed changes.

e The way to formulate appropriate logistical responses to a critical control parameter going out of
tolerance or trending out of tolerance without trying to predict every potential scenario ahead
of time in the CQCP.
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e Guidance for QA personnel on prioritizing enforcement of production tolerance requirements
against final acceptance criteria. How to make insightful judgments on absolute, substantial, or
unacceptable compliance with requirements.

e Tasks and recommendations that equipment operators and crew members need for consistent
results. Also, the pitfalls and bad habits to avoid. (This helps contractor QC managers train other
crew members.)

e Safety considerations in preforming any of the testing techniques, including attention to personal
protective devices, handling materials, and working around the testing equipment or paving site.

e Proper submittal of testing results and other data considerations in response to contract
requirements.

e Pay factors and how to combine the results of different acceptance measurement tests to
determine lot or sublot payment.

7.0 Recommended Enhancements to Quality Practices

This study identified numerous items that need improvement to guide the industry towards work and
materials consistency, ensuring built pavements meet design performance expectations. These items are
each introduced with observations, followed by recommendations provided in bold font for the FAA or
DOD to consider for the future.

7.1 The Beginning of a Quality Management Ethic

High-quality airport concrete pavement starts with effective planning and design methods before the
Owner/Operator issues requests for proposals (bids) for construction. The current practice for contract
acquisition begins with a scope and the retention of a design firm (FAA design-build projects) or a
contractor (DOD design-build projects). Once plans and specifications are complete a standard form of
contract, usually used for vertical construction, is prepared and solicitation for bids begins. During the
design phase there are meetings to determine user requirements, scope and budget adjustment and
scheduling. The design firm usually prints the specifications with edits as required by the funding agency
without concern as to where materials will be sourced. The latter becomes a contractor problem. There
are procedural steps that can be inserted into the process that will reduce the time and cost associated
with pre-bid activities that will improve the process. Below are recommendations for improving this
process (shown in bold text):

e At the outset of creating a DOD project, the Owner/Operator should assemble a small planning
group using either in-service staff or by contracting with an engineering firm (A/E). The A/E
should be independent of the design firm to minimize future contracting conflicts. The planning
group participants must include those with a specialty knowledge of procurement, funding
agency standards for airport pavement construction, user operations during limited airport
traffic, airfield pavement construction costs for relative magnitude projects and airport
management. The group's purpose is to define the project scope, including options, geometry
limits, schedule/phasing constraints, and material supply availability or limitations.
Recommendations for the performance of the land survey, geotechnical exploration, or
specialty studies should identify who will perform the studies and the schedule for those
studies. The group would also provide recommendations for the implementation of a QA
function for the construction.
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e Procurement officers will use the planning group's product to prepare contracts for hiring land
surveyors, geotechnical explorers, specialists, designers, and project managers with a focus on
QA functions. The scope of work for design services includes the phasing requirements, material
sources for editing specifications, and the QA requirements to be used by the firm. Early
identification of individuals or firms that can perform QA is a must because of the limited pool of
professionals available. The minimum qualifications of both the QA, the QC and the
commercial laboratory must be included in acquisition contracts.

e The FAA AC 150/5370-12B, Quality Management for Federally Funded Airport Construction
Projects, includes a list of responsibilities, necessary activities during pre-design, pre-bid, and
pre-construction activities. The appendix provides the minimum requirements for construction
management. AC 150/5370-10H requires a QC function and defines the minimum
responsibilities of the contractor to perform QC. There is nothing in the AC 150/5370-12B that
defines the philosophy and minimum qualifications for those people or the responsibilities of
the QA function. AC 150/5370-12B (or another AC) should be updated to define what the FAA
wants with respect to the QA and acceptance functions.

e The DOD Tri-Services Pavements Working Group published a manual TSWG M-3-260-00.23-01,
Contracting Airfield Pavement Work, in May 2023. The manual provides guidance and template
documents for contracting design, construction, and maintenance of airfield pavements, and
should be used as a resource.

7.2 Guidance and Training

Owners, engineers, and contractors agree that qualified QA and QC managers are in short supply.
Despite increased testing, mandatory inspector presence, and stricter specifications, the perception of
poor quality remains. There is an obvious need to change the philosophy related to the approach to
guide specifications and the minimum qualifications required to provide personnel for the QA and QC
functions. FAA and DOD need to revise their approach to specifications and raise the minimum
qualifications for QA and QC personnel.

e Stakeholders agree that consistency of the plastic concrete and the means of placement are
directly proportional to quality. However, the contractor sees conformance to acceptance criteria
as the focus of agency guide specifications and owner representatives. The Owner appears to
view the contractor as having the time and money to use additional testing to support
consistency through real-time adjustments of the mixture or equipment. The FAA should
consider realigning the guide specification towards process control as a means of providing
effective QC.

e Contractors bid on projects based on minimum requirements in the Contract Documents. They
handle testing and cover the costs as specified in their bid. While FAA pays for contractor QC
through item C-100 (FAA AC 150/5370-10H), the QC metrics and testing included in the CQCP
can vary between contractors. Both FAA and DOD consider additional QC testing to manage
material variability as a cost to the contractor. The contractor’s corporate management sets
performance and workmanship standards for their staff that execute the work. Incentives are
needed for bidders to include additional process control measures, and the minimum testing
for acceptance when it is required of the contractor (i.e., on DOD projects).
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e Contractors must provide a CQCP as required by the FAA (Section C-100-3) and DOD (UFGS 01 45
00), managed by a CQCP Administrator or QC Manager, respectively. These programs focus on
inspection, testing, identifying non-conformance, and removal and replacement. Contractors
often interpret this as needing an individual with material testing experience, but those
individuals lack direct experience with the paving process. Whenever possible, QC personnel
should have experience in testing's impact on processes, equipment operation, and concrete
proportion adjustments. Familiarity with agency design and construction standards is essential.
Non-standard details often go unnoticed until concrete placement. Agencies should offer
training for aspiring CQCP Administrators or QC Managers, as current curricula do not cover
these requirements.

7.3 Quality Assurance

FAA requires QA by inspection and testing. FAA AC 150/5370-12B obligates the sponsor to “provide
adequate construction quality assurance inspection for all stages of work”. Paragraph 1.2.1 of 12b
obligates the engineer to specify the “testing frequency for quality assurance and quality control.” The
DOD does not require QA on airport pavement construction; the individual services set the policy.

e There is minimum guidance on QA and related acceptance functions by either agency. Exception
only occurs in the FAA AC 150/5370-10H, Section 50, Control of Work, wherein the RPR is
directed to determine acceptability and perform inspection. The intent of the provisions are
clear in the responsibility of the RPR as being inspection and testing for acceptance. There is an
absence of guidance to the sponsor about the scope of responsibility of the RPR, or the QA, that
should be included in the contract agreement with an individual or firm. (Note that AC
150/5300-9b (cancelled) listed the QA and acceptance roles of the “resident engineer” — this AC
was superseded by AC 150/5370-12B which did not keep this guidance.) The following are
minimum areas of responsibility that should be included in the statement of work for the RPR
or QA function:

Reporting results of testing and inspections by QA personnel

Oversight and review of findings by QA inspectors

Establish and maintain graphic tracking of raw material variability

Review of qualification statements for technicians performing testing

Initial and subsequent validation of laboratory accreditation

Consistency of workmanship using the control/test strip as the standard of
performance

Random review of the QC function and the QC calibration of testing equipment
o Random assessment of means and calibration of materials at batching

o Measurement of all work completed for acceptance

O O O O O O

o

e Individuals or firms performing the RPR role or QA function need knowledge of construction
standards, test protocols, material variability, concrete mix adjustments, and effective
communication. Education for RPR roles is lacking. A/E firms often use multiple people with
varied tools and experience for the RPR/QA function. But the A/E usually assigns a junior
engineer which is not efficient. The individual in the field executing the RPR/QA functions must
be able to provide the correct observation(s) and appropriately apply the applicable provision(s)
of the contract or specifications to avoid disputes. If the RPR/QA personnel hesitate to provide
an assessment and direction in the face of questions on whether a deviation is present or the
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effectiveness of the contractor’s corrective measure, this lag time leads to project delay and
fosters the dispute in the field about the implications of the deviation, potentially including on
the construction timeline. Sponsors / owners should guide skill acquisition for those offering
RPR/QA services.

¢ Individuals assigned to perform the RPR or QA function should receive guidance from the
agency regarding physical presence during specific work features (Sections of AC 150/5370-
10H or stand-alone provisions of UFGS specifications). Requiring the QA manager to be on-site
during all construction activities is not effective and may result in a lower quality standard. The
RPR or QA personnel need time to review construction progress and assess the likelihood of
maintaining consistent material quality within acceptable ranges. QA inspectors assigned to
monitor specific trades should be on-site during the installation of the final product. The
contractor requires an owner representative who can respond promptly, using sound judgment,
to minimize the risk of schedule delays due to rework. Responses to unplanned events must be
based on the actual circumstances; this is not the time to consult specification provisions. Each
project must be evaluated by the owner to determine a reasonable response time for QA/QC,
considering travel distance as a metric.

7.4 Quality Control

The airport sponsor and agency focus contract provisions on testing and inspection during construction.
The contractor and QA prioritize pavement acceptance testing for payment. Stakeholders agree that
managing variability in raw materials and the product yields the best concrete pavement. Process control
ensures consistent physical properties. Future specifications should promote process control in
batching, transport, and placement of concrete pavement at airports.

8.0 Concluding Remarks

Enhanced education and training are essential for all airport construction stakeholders, which include
owners, contractors, consulting and testing firms, material suppliers, and others. This project has
produced a comprehensive set of deliverables designed to maximize the value of this effort and improve
standard practices. The best practices manual, model QC plan, special topics training briefs, and training
materials developed through this project aim to enhance quality implementation for airport concrete
construction supporting the FAA and DOD missions.

The guidance and training materials developed were specifically tailored to meet the unique
requirements of concrete pavement construction for airports. These deliverables will help all
stakeholders better understand the quality systems used in airfield concrete paving. Owners/operators
and their representatives will gain an improved understanding of the processes and their role in
executing and accepting quality work. The materials will also assist contractors in improving the
pavements they build regardless of contract specifications. They will particularly benefit those less
familiar with airfield concrete paving by improving their processes and QC plans to construct a consistent
concrete pavement that meets or exceeds contract requirements and owner expectations.

The model CQCP can be used as a guide for implementing company QC approaches and plans or as a

tool to enhance existing QC methods. Although the materials are aimed at contractors needing
improvement in their QC, the information provided will also support experienced airfield paving
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contractors by offering training materials for onboarding new personnel, continuous improvement, and
risk management.
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APPENDIX A - Literature Review

1.0 Introduction

Airport pavements are critical components of the country’s domestic and military infrastructure.
Arguably, the pavements that support the ground movement, take-offs, and landings of civilian and
military aircraft require the strictest construction standards. At the same time, the specifications, Item P-
501 in FAA AC 150/5370-10H and UFGS 32 13 14.13, are used across the country and around the world
by airport owners, engineers, and contractors of varying levels of experience and sophistication. As
engineers, construction companies, and individuals work to meet these high standards in the field,
technical and quality problems occasionally arise. Quality-focused systems in the specifications,
proactive QC programs by the contractor, subcontractors, and material suppliers, and effective QA and
acceptance functions implemented by the owner are all essential to achieving the safe, durable service
life required of these critical infrastructure components. As such, the Federal Aviation Administration’s
(FAA) Advisory Circular (AC) 150/5370-10H, Standard Specifications for Construction of Airports (last
updated December 2018) places an emphasis on the need for improved QC and QA in airport
construction. Quality provisions for military airfield paving included in the Department of Defense
Unified Facilities Guide Specification (UFGS) 32 13 14.13 Concrete Paving for Airfields and Other Heavy-
Duty Pavement (last updated November 2022) also put an emphasis on quality due to the critical nature
of these pavements in serving our nation’s military and security needs. The construction of millions of
square yards of concrete airport pavement are specified under these two documents each year.

The provisions of FAA AC 150/5370-10H and UFGS 32 13 14.13/UFGS 01 45 00 provide construction of
quality pavements for a wide range of airport paving projects. However, inconsistencies in the working
knowledge of those disciplines responsible for airport pavement construction exists in the government
and domestic airport owner entities. In general, QC and QA intent is misunderstood by owners,
engineers, contractors, and other stakeholders. Owners/operators struggle with incomplete, ineffective,
and cookie-cutter QC plans submitted by the contractor. From the contractor’s perspective, they
frequently encounter issues related to QC and QA in ambiguity and conflicts in the specifications and in
inconsistencies in the way inspection and acceptance requirements are implemented by construction
management engineers on different projects. Some of the typical issues relate to the methods used for
measurements, different interpretation of the intent of specification provisions or language, not
following testing procedures, and handling discrepancies between agency and contractor quality
measurement data. Additionally, many paving contractors that perform work under FAA Item P-501 at
commercial facilities also perform work at military airfields. Differences exist between these
specifications, and contractors need to be aware of and responsive to these differences. Each owner or
base may interpret provisions of the specifications slightly differently.

These challenges have resulted in the need for improvements in quality systems used in airport
pavement construction. All parties involved in airport pavement construction would benefit from
improved guidance in QC and QA. Stakeholders performing QC and acceptance functions each need to
improve their knowledge and understanding of best practices, have access to guidance and tools to
support sound engineering judgment and decision making, and become more proficient at proactively
guiding processes towards consistency and compliance.

Fundamental QC practices do not differ greatly between highway and airport paving. The basic

requirements to design and build these pavements are essentially the same and both construction
environments have their unique and critical limitations on closures for maintenance and repair. However,
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heightened airport pavement safety and durability concerns generate additional challenges, including:
guantity and quality of materials required, special restrictions on concrete materials, subgrade and base
surface tolerances, high-volume production for thicker pavement, and enhanced testing requirements.
These challenges make it essential that contractors use robust, proactive, and effective QC programs to
ensure materials are consistent throughout the entire construction process. Effective QM by the
contractor and material suppliers, including the ability to use QC and process control information to
support effective, proactive decision making, is essential.

Effective QA and acceptance approaches are needed to ensure success. People that perform acceptance
functions need to be knowledgeable regarding the specification provisions, the role of engineering
judgment in applying the specifications, and timely communication to assist contractors in completing
the work. A collaborative approach among project stakeholders, along with effective communication and
a mutual understanding of the roles and responsibilities of personnel supporting a project, goes a long
way towards ensuring success. At the heart of QM is the desire for continuous improvement, and as
such, FAA is supporting this work to provide improved guidance and training aimed at all stakeholders in
the concrete paving process.

1.1. Definitions Used for Components of Quality Systems

Our review indicates that there is no one consistent set of definitions for QC or QA in use for airport
pavement construction. In general, quality management systems (QMS) are characterized by a system of
QC and QA aimed at maintaining standards in manufactured products by testing samples of the output.
How this happens in the bid-build process of airport construction is perhaps more complicated than in
other, more controlled manufacturing processes. SMArT interviews have suggested that the results
obtained between QC and QA testing become ambiguous, especially when availability of people with a
working knowledge is limited. In addition to the ambiguity, inexperienced personnel may not understand
the roles and responsibilities of parties involved in project QA, including their own.

Some of the challenge stems from the subjective nature of the term “quality” for which each person or
sector may have its own definition. In technical usage, quality can have two meanings: 1) the
characteristics of a product or service that bear on its ability to satisfy stated or implied needs; 2) a
product or service free of deficiencies. According to Joseph Juran, quality means “fitness for use”;
according to Philip Crosby, it means “conformance to requirements.” (ISO Quality Glossary 2022)

QMS is defined as a formal system that documents the structure, processes, roles, responsibilities and
procedures required to achieve effective QM (ASQ Quality Glossary 2022). QC and QA are both
considered part of the QM process. QC is generally considered a subset of QA. One definition of how QC
and QA relate was adapted from the software development industry and appears to capture the essence
of these terms for airport construction (see Figure 1).
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Quality Assurance (QA)
The set of procedures and specifications
that prevent or reduce defects in a product
and assure the product will perform for its
intended purpose

Quality Control
QO

The monitoring of
a developed

product to identify
and manage

defects during
production

Figure 1. General concept of how QC and QA relate (as adapted from APPLAUSE 2023)

QC and QA both focus on defined defects. QC is focused on finding defined defects and addressing their
source during production (such as aggregate segregation during concrete production/paving), while QA
is focused on minimizing defined defects or working to avoid anticipated defects (such as FOD in airport
concrete paving). As such, these necessary functions are interrelated, but also come from two differing
perspectives/objectives. QC must monitor production consistency and produce materials/pavement
within required tolerances, while QA must not only ensure the contractor is performing QC, but also
evaluate testing to gain confidence that defects are not present and that specified parameters are met.

Other relevant definitions uncovered in the review are summarized in Table 1.
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Table 1. Organizational Definitions of QC and QA.

ORGANIZATION Qc QA
Part of QM focused on fulfilling quality Part of QM focused on providing confidence
requirements that quality requirements will be fulfilled
® Inspection - the process of measuring, e Auditing - is used to compare actual
examining, and testing to gauge one or conditions with requirements and to
ISO 9000 more characteristics of a product report those results to management
e The audit analyzes “all elements of a
quality system” and judges the
degree of adherence to the criteria
of a control system
Contractor’s responsibility to control material(s) | Owner’s responsibility to assure that
EAA and construction processes to complete construction work completed complies with

construction in accordance with project
specifications

specifications for payment

USACE (USACE ER
5-1-11)

That part of QM focused on fulfilling quality
requirements of a project, product, service, or
process. It includes those processes used to
ensure performance meets agreed upon
stakeholder requirements that are consistent
with law, regulations, policies, sound technical
criteria, schedules, and budget.

That part of QM focused on providing
confidence that quality requirements of a
project, product, service, or process will be
fulfilled. QA includes those processes
employed to ensure that QC activities are
benign accomplished in line with planned
activities and that those QC activities are
effective in producing a product that meets
the desired end quality.

American Society
for Quality (ASQ)

Two terms that have many interpretations

because of the multiple definitions for the words
“assurance” and “control.” For example,
“assurance” can mean the act of giving
confidence, the state of being certain or the act
of making certain; “control” can mean an
evaluation to indicate needed corrective
responses, the act of guiding or the state of a
process in which the variability is attributable to
a constant system of chance causes. (For a
detailed discussion on the multiple definitions,
see ANSI/ISO/ASQ A3534-2, Statistics—

Vocabulary and Symbols—Statistical Quality

Control.) One definition of quality assurance is:

all the planned and systematic activities

implemented within the quality system that can
be demonstrated to provide confidence that a
product or service will fulfill requirements for

quality. One definition for quality control is: the
operational techniques and activities used to
fulfill requirements for quality. Often, however,

“quality assurance” and “quality control” are
used interchangeably, referring to the actions
performed to ensure the quality of a product,

service or process.

Two terms that have many interpretations
because of the multiple definitions for the
words “assurance” and “control.” For
example, “assurance” can mean the act of
giving confidence, the state of being certain
or the act of making certain; “control” can
mean an evaluation to indicate needed
corrective responses, the act of guiding or the
state of a process in which the variability is
attributable to a constant system of chance
causes. (For a detailed discussion on the
multiple definitions, see ANSI/ISO/ASQ
A3534-2, Statistics—Vocabulary and
Symbols—Statistical Quality Control.) One
definition of quality assurance is: all the
planned and systematic activities
implemented within the quality system that
can be demonstrated to provide confidence
that a product or service will fulfill
requirements for quality. One definition for
quality control is: the operational techniques
and activities used to fulfill requirements for
quality. Often, however, “quality assurance”
and “quality control” are used
interchangeably, referring to the actions
performed to ensure the quality of a product,
service or process.
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How ASQ handles the definitions is most interesting. There is no single definition for QC or QA. The
definition is also not a definitive statement of the combined term, but rather leaves room for alternative

perspectives by the following (ASQ Feb 3, 2023):

One definition for quality assurance is: all the planned and systematic activities implemented
within the quality system that can be demonstrated to provide confidence that a product or
service will fulfill requirements for quality. One definition for quality control is: the operational
techniques and activities used to fulfill requirements for quality. Often, however, “quality
assurance” and “quality control” are used interchangeably, referring to the actions performed to
ensure the quality of a product, service or process.

Process Control is another important term within a QMS. The definition from ASQ — the method for
ensuring that a process meets specified requirements” — describes the ultimate goal in a few words (ASQ
Feb 3, 2023). The National Institute for Standards & Technology (NIST Feb 3, 2023) provides more depth
in their definition:

Process Control is the active changing of the process based on the results of process monitoring.
Once the process monitoring tools have detected an out-of-control situation, the person
responsible for the process makes a change to bring the process back into control.

e Out-of-control Action Plans (OCAPS) detail the action to be taken once an out-of-control
situation is detected. A specific flowchart, that leads the process engineer through the
corrective procedure, may be provided for each unique process.

e Advanced Process Control Loops are automated changes to the process that are
programmed to correct for the size of the out-of-control measurement.

A QMS also defines the roles and responsibilities of persons assigned to either QC or QA. The terms and
perspectives underlying the job descriptions are extremely important for clarifying the roles. For
instance, the duties of QC personnel may include:

e Establish quality procedures, standards and specifications.

e Collaborate with the organization’s purchasing manager to ensure raw materials from external
sources meet quality requirements.

e Set standards for health and safety of workers during work operations.

e Carry out internal research to reduce waste and maximize resources.

The job description of QC personnel may include:

e Ensure there is quality testing and inspections to meet the standards set.
e Enforce cleanliness and safety.
e Focus on corrective actions.

1.2. Quality Culture and Management

Construction delivery is becoming increasingly challenging. Work time constraints and compressed
project schedules, limited access to work areas, material procurement/storage needs, and shortages in
skilled labor are all adding to the need for well-defined QM programs to support airport construction.
Materials procurement issues and delays are becoming increasingly common, and owners and
contractors are being forced to adapt to and address market and supply conditions that are changing
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frequently. Movement towards performance specifications is ongoing, and new technologies for e-
construction management, testing, and inspection are proving to be game-changing for QM of concrete
paving. Opportunities to improve concrete durability and sustainability are also emerging, along with the
demand of owners to embrace these approaches and technologies. Project contracting and delivery
methods are changing, and the acquisition process is playing an increasingly key role in setting the stage
for project constraints and available resources. All these changes are driving the need for a “culture of
quality” to support success in today’s construction environment.

Many stakeholders participating in airport pavement construction use QM programs to manage their
operations. These QM programs define and guide internal efforts broadly, across projects and business
units, to support all aspects of work. Components of these QM programs include personnel with
designated QM responsibilities, quality manuals, policies and procedures, tools such as software and
databases, training/certification opportunities, and activities to support accreditation. The objectives,
approaches, resources, and outcomes of QM programs vary widely across each stakeholder group.
However structured and resourced, these programs are essential to support both the tangible actions
necessary to support each individual’s work and promote the culture of quality that achieves “buy-in” of
their personnel to quality objectives.

During the early 20th century, QM emerged from the manufacturing sector with emphasis placed on the
role of each individual in ensuring the quality is maintained at the forefront of production (Deming 1982,
Juran and DeFeo 2010). Early efforts to transform the manufacturing sector from a focus solely on
production to quality included imparting a consistency of purpose, ceasing the dependence on using
inspection to drive quality, implementing systems to acquire data to drive decision making, and
developing and implementing continuous improvement cycles (Deming 1982). A paradigm shift in
management approach was needed, empowering personnel at all levels to support decision-making,
removing barriers between departments, and eliminating the fear of repercussion for those speaking up
regarding issues impacting safety and quality. Increased emphasis was placed on training and personnel
development, particularly on the job. As the large companies in the manufacturing sector embraced QM
initiatives, many engaged all stakeholders in the company, from management to superintendents to
laborers to accomplish the transformation. Deming’s 14 management principles for improving products,
listed below, still remain relevant across a wide variety of manufacturing and construction sectors nearly
100 years since their development (Deming 1982):

Create constancy of purpose.

Adopt the new philosophy.

Cease dependence on inspection to achieve quality.

End the practice of awarding business on the basis of price alone. Instead, minimize total cost.
Move to a single supplier.

Improve constantly and forever the system of production and service, to improve quality and
productivity, and thus constantly decrease costs.

6. Institute training on the job.

7. Institute leadership.

8. Drive out fear.

9. Break down barriers between departments.

10. Eliminate slogans, exhortations, and targets for the workforce.

11. Eliminate work standards (quotas) on the factory floor. Eliminate management by objective.
Substitute leadership.

o
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12. Remove barriers when they rob the hourly worker of his right to pride of workmanship and
eliminate the annual rating or merit system.

13. Institute a vigorous program of education and self-improvement.

14. Put everybody in the company to work to accomplish the transformation.

Since that time, particularly in the late-20th century, several approaches and movements to translate
QM improvements from the manufacturing sector to the construction sector have occurred (Cavalline et
al. 2021). The focus of the Total Quality Management (TQM) initiative was on the customer, with
organizations encouraged to integrate all processes and functions to achieve continuous improvement of
the quality of goods and services (Omachonu and Ross 2004). Fundamentals also included employee
empowerment, integrated systems (horizontal thinking), fact-based decision making, and enhanced
communications across the organization (Wardell et al. 1999). Management was encouraged to drive a
cultural change that used quality systems to drive their strategic vision, with all stakeholders encouraged
to seek and exploit opportunities for continuous improvement (Zastrow and Kirst-Ashman 2016).
Although not broadly embraced by the construction industry, the TQM principles remain important to
quality-focused entities engaged in construction, and the general principles are embraced by many
organizations. The International Organization for Standardization (1SO) principles (ISO 2015) share a
broad overlap with TQM Fundamentals (Table 2). Although I1SO and TQM have not been officially
implemented by most construction industry stakeholders, the principles are shared by many entities
with effective QM programs, and remain critical to the success of promoting a “culture of quality” in
many organizations.

Table 2: Fundamentals of ISO and TQM, supporting corporate QM
(adapted from Cavalline et al. 2021).

TQM Fundamentals ISO 9000 Principles (1SO 2015)

. Customer focus . Customer focus (TQM1)
. Employee empowerment . Leadership: vision and direction

. Process-centered approaches . Engagement of people (TQM 2)

. Integrated systems . Process approach (TQM 3)
. Strategic and systematic approaches . Improvement (TQM 8)

. Fact-based decision making . Evidence-based decision making (TQM 6)

N |WIN|[E-

. Communication . Relationship management
. Continuous Improvement -

0 IN|ON|B(W|IN(F

Other agencies such as the American Society for Quality (ASQ) support more broadly-based quality
initiatives in the United States and abroad. Although not focused on a single industry sector, ASQ
develops tools and resources to support members in gaining knowledge and advancing their careers in
quality management (ASQ 2022). ASQ offers certification programs including the Certified Quality
Auditor (CQA) and Certified Quality Inspector (CQl), which although not for concrete construction,
contain approaches useful in training for concrete pavement projects (ASQ 2022a,b).

Central to implementation of a culture of quality is management buy-in and the establishment of
appropriate organizational structure, mission/vision, and operational mechanisms (Swift et al. 1998,
Thorpe and Sumner 2004). QM at the organizational level often requires entities to have a corporate-
level quality plan, defining roles and responsibilities, operational parameters, delivery mechanisms,
processes and procedures, and means of measuring performance (Tang et al. 2005). Statements and
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policies on ethical, communication, and safety matters are also central to an organization's QM plan and
program. Also necessary is forward-looking vision, flexibility to adapt policies and procedures to embrace
change and technological advancement and capitalize on new opportunities (Thorpe and Sumner 2004,
Sullivan 2011, Love et al. 2015). Continuous improvement, applied to both processes and personnel,
needs to be integrated into corporate QM and supported by the necessary resources.

Fact-based decision making is central to achieving quality, and basing choices on reliable data is critical to
process control and QC, acceptance, and broader management functions. Deming pioneered the plan-
do-check-act cycle, an iterative technique useful in solving problems and supporting continuous quality
improvement in processes and products (Deming and DeFeo 2010). Although multiple approaches have
been described with a variety of steps, the general 4-step approach can be expanded to eight steps,
including those listed below (Daft 2013, Cavalline et al. 2021).

Identify the problem

Gather relevant information

Research the problem (gather meaningful data)

Identify alternative solutions

Weigh the evidence, clarify values and tradeoffs, use logical reasoning
Commit to action, execute the decision

Review the decision and results

Communicate to stakeholders

©® N UE WD

The plan-do-check-act cycle is incorporated into both FAA and military tri-services specifications in
different ways. For example, UFGS 01 45 00.00 10 describes project control in three steps: the
preparatory phase, the initial phase, and the follow-up phase.

Project cost, quality, safety, and duration have been cited as the four critical elements contributing to
project success (Wanberg et al. 2013). Quality, time and cost have been inextricably linked, with the cost
of quality broken into several categories: Failure costs (both internal and external), and appraisal and
prevention costs (Figure 2) (Feigenbaum 1951).

| Quality Costs |

| Failure costs | | Appraisal/prevention costs |
Internal External Appraisal Prevention
failure costs failure costs costs costs

Figure 2: Costs associated with quality

Failure costs are categorized as internal and external costs, with the division line occurring at the point
the project is turned over to the customer. Internal failure costs include those associated with failure to
meet customer needs and requirements as well as costs of inefficient processes. They include scrap,
waste, work above and beyond requirements, unplanned downtime, delay, and other costs due to
inefficiencies and waste. External failure costs are those incurred by the owner after the project is
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delivered and include repair and remediation of deficiencies as well as revenue lost in operation and lost
opportunities (Cavalline et al. 2021). Prevention and appraisal costs are those incurred by an
organization for activities performed to prevent quality related issues. Prevention costs can include
planning and design reviews, development of project controls, training, pre-activity meetings, data
collection and analysis, and implementation of quality initiatives (Juran and Godfrey 1999). Appraisal
costs are those incurred by an organization when measuring, inspecting, or otherwise evaluating work or
products and activities supporting those efforts. “Hidden quality costs” include costs associated with
changes in processes, software changes, downtime, support operations, and lost opportunities (Juran
and Godfrey 1999). The costs to prevent a failure have been shown to be significantly lower than those
associated with correcting failures, and many studies have shown that a small investment in prevention
of quality issues can be very effective in reducing failure costs (Abdul-Rahman 1992, Plunket and Dale
1987, Juran and Godfrey 1999).

The cost of poor quality has been found to range widely, with some estimates of nonconformance costs
ranging from 2.3% to 9.4% (Josephson and Hammarlund 1999), and more broadly as less than 1% to 20%
(Love et al. 2018). Interestingly, as much as 79% of rework has been attributed to decisions made during
the design phase (Burati et al. 1992). Lack of QM focus, poor communication, and poor supervision were
found to be major factors contributing to quality issues and rework (Love and Edwards 2004). From a
systematic view, factors including schedule pressure, client requirements, technical issues, and cognitive
mistakes contribute to poor quality work (Love et al. 2008). By emphasizing quality as part of an agency
or company’s culture, management ensures that employees are striving for excellence while maintaining
productivity and profitability and decreasing rework, waste, and liability.

Education and training of new personnel, as well as continued professional growth and training of more
experienced personnel, are critical to supporting quality on the jobsite as well as employee retention. In
a recent study on improving workforce development and sustainability in construction, “maturity” or the
“extent to which members of the workforce are developed and competent, where they have adequate
capabilities to bear responsibility and accountability” was found to be an attribute inherently
contributing to workforce stability and sustainability (Karakhan et al. 2020). Strategies to improve
employee “maturity” include encouraging knowledge sharing among employees and recognizing and
rewarding helping behaviors (Kossek et al. 2014, Piper and Madadi 2017). Issues such as the lack of
younger workers entering the construction profession/trades and high levels of turnover have been
attributed to employees not satisfied with their jobs (Bilau et al. 2015). Low job satisfaction has also
been associated with both poor work quality and also increased safety incidents on the job (Al-Saffar
2020). Challenges associated with improving job satisfaction and reducing turnover could be addressed
to some extent through improved training and knowledge of the workforce. Strategies and best practices
to improve “maturity” identified by Karakhan et al. (2023) included:

e Developing competency - Sponsoring or providing opportunities to improve technical
knowledge, licensing, and certification.

e Accountability - formal policies in place setting clear expectations for all positions within the
organization, including quantity and quality of work expected from employees.

e Leadership and communication skills - providing training opportunities to improve leadership
and communication.

Connectivity, or “the degree to which the workforce feels connected to their peers and managers and

actively engages in leadership, planning, and decision-making activities” was also found to be a key
attribute linked to employee development and retention (Karakhan et al. 2020). It has been well
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documented that providing a work environment that supports collaboration and connection improves
workplace satisfaction and retention (Corporate Leadership Council 2004). Strategies and best practices
to improve connectivity include involvement of workers in decision making and regular meetings with
supervisors (Karakhan et al. 2023).

Supporting all of these aspects of construction is effective communication. Communication, both within
a single organization and among all parties has been found to be critical to successful execution of a
project, with poor communication and a lack of understanding of end user requirements being cited as
key causes of defects and rework (Love and Edwards 2004b). The emergence of technologies such as
smartphones and mobile computing technology, as well as supporting cloud-based construction
software, has improved communications, and provides opportunities for improving quality, safety, and
other facets of construction management (Kim et al. 2013, Skibniewski 2014, Shohet et al. 2019).

The interrelationship between safety and quality has also been studied, with research supporting that
safe work environments promote safe work activities by individuals and teams, increasing the probability
that tasks will be accomplished successfully (Husrul et al. 2008). Integrated safety and QM has been
shown to be an effective approach to supporting both goals, reducing injuries/fatalities and supporting
project completion on-schedule and within budget (Loushine et al. 2006, Wanberg et al. 2013).

Partnering approaches, where all stakeholders on a project foster relationships that support improved
project performance, has been shown to benefit all parties (Cll 1991, Gransburg et al. 1999). Critical
components of partnering include mutual objectives, commitment, trust, equity, openness, timely
responsiveness and effective communication and problem resolution (Tang et al. 2009). By working
together to satisfy the needs and expectations of each stakeholder, accomplishing QM activities, and
addressing problems and constraints, the chances of project success are greater, as well as the potential
for innovation, risk reduction, and profitability (Ronco and Ronco 1996, Tang et al. 2009).

Paying incentives for quality has also been shown to be a successful approach to promote attention to
detail and meeting quality characteristics. Although some have viewed incentives as paying extra for the
quality expected, properly established incentives applied for exceptional quality have been shown to be
effective in the transportation sector. Reduced pay for levels of quality below the desired performance
level are similarly applied by many stakeholders to support quality improvement (Burati et al. 2003).

1.3. Specification and Supporting Document Review

The research team is familiar with the FAA and UFGS specifications for concrete pavements, which are
the subject of this project. However, as part of our review, we revisited both specifications as well as
supporting documents referenced by both the FAA and the military tri-services. A brief overview of these
documents is provided below.

1.3.1. Federal Aviation Administration

1.3.1.1. FAA AC 150/5370-10H Standard Specifications for Construction of Airports (FAA 2018)

The FAA AC 150/5370-10H standard specifications are related to the materials and methods used for
construction on airports (FAA 2018). The FAA specifications are mandatory for projects funded under
Federal grant assistance programs such as the Airport Improvement Program (AIP). The standard
specifications must be edited to develop construction specifications for individual projects. The intent is
to encourage contractors to establish effective QC organizations and treat construction like any
manufacturing process having adequate controls on the process to insure acceptable results. ltem C-100
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included provisions for making Contractor Quality Control Programs (CQCP) a pay item, recognizing that
there is a cost to establishing and implementing a QC program. Control strips were added to subgrade,
subbase and surface specifications to have the contractor demonstrate that the materials, equipment
and construction processes will produce acceptable results. A brief description of the key specification
Sections/subsections related to this work are presented in the following paragraphs.

Section 50 Control of Work: Section 50 establishes the contract parameters regarding Control of Work.
Subsections include specification provisions for authority of the Resident Project Representative (RPR)
(50-01), conformity with plans and specifications (50-02), coordination of contract, plans, and
specifications (50-03), special provisions (50-04), cooperation of the contractor (50-05), cooperation
between contractors (50-06), construction layout and stakes (50-07), authority and duties of QA
inspectors (50-08), inspection of the work (50-09), removal of unacceptable and unauthorized work (50-
10), load restrictions (50-11), maintenance during construction (50-12), failure to maintain the work (50-
13), partial acceptance (50-14), final acceptance (50-15), and claims for adjustment and disputes (50-16).
Section 50-17 provides specification language for value engineering cost proposals, which can only be
used when FAA concurrence is obtained, and not on construction management at-risk (CMAR) and
design-build projects when a gross maximum price is established.

In Section 50, the RPR is given authority for the acceptability of the quality of material furnished, method
of performance and manner and rate of performance of the work. The RPR does not have the authority
to accept work that does not comply with the specifications. However, the RPR does have the authority
to recommend to the owner that the work is in reasonably close conformity with the specifications. The
term “reasonably close conformity” is intended to provide the RPR with the authority, after consultation
with the Sponsor and FAA, to use sound engineering judgment in their determinations to accept work
that is not in strict conformity but will provide a finished product equal to or better than that required by
the contract, plans and specifications.

Section 60 Control of Materials: Section 60 establishes control of materials. Subsections include
specification provisions for source of supply and quality requirements (60-01), samples, tests, and cited
specifications (60-02), certification of compliance/analysis (60-03), plant inspection (60-04),
engineer/RPR field office (60-05), storage of materials (60-06), unacceptable materials (60-07), and
owner furnished materials (60-08). This section establishes that the Contractor shall only use materials
that conform to the requirements of the contract, plans and specifications. The contractor is to provide
documentation of the origin, composition, and manufacture of materials to be used in the work, as well
as provide the RPR with copies of all contractor quality control daily test reports. In addition, the
contractor is to provide a final report to the RPR showing all test data reports, an analysis of all results
showing ranges, averages and corrective action taken for failing tests. Section 60 also references Item C-
100 regarding the Contractor Quality Control testing organization.

Item C-100 Contractor Quality Control Program (CQCP): Item C-100 is included in Part 2 — General
Construction Items of AC 150/5370-10H. Item C-100 states that all federally funded projects over $500k
must have a CQCP, and strongly encourages that a CQCP is required for all projects. Subsections included
in C-100 include general information on QM and QC (100-1), a description of the QC program (100-2),
the required CQCP organization, including personnel requirements and staffing levels (100-3), the project
process schedule (100-4), the submittals schedule (100-5), inspection requirements (100-6),
requirements for the contractor QC testing facility (100-7), the QC testing plan (100-8), documentation
(100-9), corrective action requirements (100-10), inspection and/or observations by the RPR (100-11),
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and noncompliance (100-12). Specifications and recommendations for method of measurement and
basis of payment are provided in Sections 100-13 and 100-14, respectively.

The intent of Item C-100 is to encourage monitoring the quality of materials and production and
adjustments to remain within acceptance limits (process control). Contractors are encouraged to
establish a QC organization to ensure the materials procured, and the products produced are within
reasonable limits to assure that the final product meets or exceeds the contract acceptance standards.
Item C-100 includes the option for this to be a pay item recognizing that there are costs associated with
a QC program. Contractors are encouraged to establish a CQCP to ensure conformance with contract
specifications with respect to materials, workmanship, construction, finish and functional performance.
It is recommended that the CQCP address mix design, aggregate grading, stockpile management, mixing,
transporting, placing and finishing, quality control testing and inspection, smoothness, laydown,
equipment and temperature management. Since the FAA standard specifications apply to a wide range
of projects, from general aviation airports to large hub commercial service airports, the specifications at
this time do not address every specific item that could be included in a CQCP. The CQCP must include
corrective action plans for when QC and or QA criteria are not met to encourage contractors to plan for
when and how to adjust or halt production before it results in unacceptable results.

Item P-501 Cement Concrete Pavement: Item P-501 begins with several materials sections with
requirements for the materials to be acceptable for use in the construction of pavement. It is up to the
Contractor, as part of their QC program, to provide documentation that the materials meet the
requirements of the specifications to the RPR. Section 501-2.1 Aggregates specifies the testing and
evaluation required for fine and coarse aggregates to be used in concrete pavements. Alkali-aggregate
reactivity tests must be performed per both ASTM C1260 and ASTM C1567 using materials
representative of the aggregates which will be supplying the project. Other requirements for fine and
coarse aggregates including durability performance tests, physical properties, and deleterious substance
limitations are also provided. Notes to the engineer provide guidance for specification provisions to
address local/regional concerns such as D-cracking and other freeze-thaw issues. The recommended
concrete mixture proportions must be based upon a combined aggregate gradation, per Tri-Services
Pavements Working Group (TSPWG) Manual M 3-250-04.97.05 (formerly ETL 97-5).

Section 501-2.1d describes the requirements of the combined aggregate gradation, focusing on the
coarseness factor (CF) and workability factor (WF). The combined gradation parameters are compared
against a diagram with WF on the y-axis and CF on the x-axis. The contractor is directed to submit their
combined aggregate gradation using a prescribed table. Of note, in the 12/21/2018 edition of the
specification, one clarifying phrase was omitted from 501-2.1d (4), recognizing that the final mixture may
need to be adjusted based on the placement of the control strip. Rather than require the preparation
and submittal of a completely new mixture design, the combined gradation workability factor (WF) and
coarseness factor (CF) can be adjusted within limits (see 501-4.1 Control Strip).

Section 501-2.3 provides provisions for cementitious materials, including cement, fly ash, slag cement (or
ground granulated blast furnace slag), raw or calcined natural pozzolan, ultrafine fly ash and ultrafine
pozzolan. An engineer’s note describing allowable cements has been provided in this section, although a
recent Engineering Brief (EB #106, described in Section 2.4.1.3) provides updated guidance on cement
due to recent specification and industry production changes. Subsequent sections of Item P-501-2 cover
specification provisions and recommendations for materials such as joint sealer, joint filler, steel
reinforcement, dowel and tie bars, water, admixtures, curing compounds, epoxy resins, and bond
breaker.
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Section 501.3 includes specification provisions and guidance for concrete mixtures. The requirements for
the mixture design oversight and process are provided, along with requirements for both the laboratory
performing the mixture design/testing, and the mixture proportions. Procedures outlined in the
publication “Design and Control of Concrete Mixtures” published by the Portland Cement Association
(Wilson and Tennis 2021), which essentially follow ACI 211.2 guidance, are required. Guidance is
provided for specifying the minimum contractual acceptance flexural strength sufficient to assure that
the pavement achieves the design flexural strength prior to being placed in service. Specification
language and guidance to support identification of the minimum cementitious material content is also
given in this section. Approaches for casting, curing, and testing flexural strength beam specimen and
compressive strength cylinders to support early and later age strength tests are presented. The engineer
is given flexibility in identifying the ages for establishing Correlation Ratios between compressive and
flexural strength test results. The concrete mixture submittal requirements are also outlined, providing
the materials and mixture information, test results, and historical records required for approval.

Construction methods are outlined in Section 501-4, with Section 501-4.1 covering the Control Strip and
Section 501.4.2 covering equipment. With the issuance of AC 150/5370-10H, Section 501-4.1 was
retitled as “Control Strip” as opposed to “Test Strip.” The control strip is a deliverable where the
contractor demonstrates that the materials, methods, equipment, construction personnel and QC
personnel and processes result in production of a pavement that will meet or exceed the quality
acceptance standards of the contract. This is where the contractor has the opportunity to make
adjustments to the mix design necessary to produce an acceptable pavement. It also provides an
opportunity for the contractor to understand the standards that will be upheld by acceptance personnel
approving the work. Equipment provisions provided in Section 501-4.2 detail a range of prescriptive and
performance provisions associated with a wide range of handheld and heavy equipment required for
paving. Equipment for both slipform and fixed form paving is included in this section.

Section 501-4.5 covers handling, measuring, and batching material, while Section 501-4.6 includes
requirements and guidance for mixing concrete. Specifications to address temperature and weather
limitations, as well as guidance for different situations, is provided. The contractor shall provide the RPR
a temperature management program for the concrete to be placed (HIPERPAV is recommended) prior to
each day of paving. Provisions for concrete placement are outlined in Section 501-4.8, with the Engineer
required to determine the strength required to accommodate construction loads. This section also
provides a fairly extensive number of provisions for both slipform and fixed-form paving. Section 501-
4.8c provides a description of how consolidation should be performed using vibration, along with an
approach for coring to confirm the quality of consolidation. Sections 501-4.9 through 501-4.18 cover
construction activities performed after paving, including strike-off of concrete and placement of
reinforcement (501-4.9), joints (501-4.10), finishing (501-4.11), surface texturing (501-4.12) curing (501-
4.13), removing forms (501-4.14), grooving (501-4.15), sealing joints (501-4.16) protecting the pavement
(501-4.17), and opening the pavement to construction traffic (501-4.18).

Section 501-4.19 specifies provisions for repair, removal or replacement of slabs that are broken, have
cracks, or are otherwise defective or unacceptable as defined by acceptance criteria in paragraph 501-
6.6. Provisions for coring, examining cores, and determining a course of action are described for issues
including shrinkage cracks, cracks in interior areas, cracks near and parallel to joints. Actions required to
remove and replace full slabs are described, as well as performing repairs to spalls along joints.
Requirements for diamond grinding of surfaces to meet smoothness requirements are described.
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Contractor QC is covered in Section 501-5. A Contractor Quality Control Plan (CQCP) is required for all
federally funded projects over $500,000 where paving is the major work, but a CQCP is strongly
encouraged for all projects. This section refers to the QC program requirements from Section C-100.
Section 501.5.3 outlines required QC testing for fine and coarse aggregates, fresh concrete tests,
smoothness, and grade. Requirements for control charts are provided in Section 501-5.4. Charts are
required for certain measurements and parameters for fine and coarse aggregate gradations, slump, air
content, and CF/WF. Provisions for corrective actions and suspension limits are provided in Section 501-
5.5.

Acceptance provisions are addressed in Section 501-6, with general requirements for acceptance
sampling and testing performed by the RPR described in Section 501.6.1. The contractor is required to
provide adequate facilities to support curing and certain other acceptance activities. The QA testing
laboratory requirements are provided in Section 501-6.2, with lot sizes and partial lot sizes defined in
Sections 501-6.3 and 501-6.4, respectively. Details on required acceptance sampling and testing are
provided in Section 501-6.5, with subsections on strength (501-6.5a) and pavement thickness (501-6.5b).
Specifications for acceptance criteria are provided in Section 501-6.6 with guidance. These include
strength, thickness, grade, profilograph smoothness, and adjustments for repairs. Acceptance criteria for
each are provided, along with guidance on actions when they are not met (or partially not met). Repairs,
grinding, and removal requirements are provided, along with payment reduction factors.

Section 501-7.1 includes specification language for methods of measurement, while Section 501-8.1
provides specification provisions and guidance for payment and pay adjustments. A price adjustment
schedule based on a percentage of materials within the specification limits (PWL) is provided, which
includes pay up to 106% of contract unit price for high quality work, stepped pay reductions for reduced
quality, and a threshold PWL for rejection.

1.3.1.2. FAA AC 150/5370-12B Quality Management for Federally Funded Airport Construction Projects
(FAA 2015)

On Federally funded paving projects greater than $500,000 the sponsor of the project is required to
develop a Construction Management Program (CMP). The CMP addresses how the sponsor will perform
QA on the project. The CMP identifies who will perform construction observation and well as requires
that the sponsor use an ASTM C1077 accredited laboratory for acceptance testing. There is often
confusion by sponsors (and their engineers) that a CMP is the same as a CQCP. A CMP is for quality
assurance and a CQCP is for contractor quality control. With this AC, the FAA issued a sample CMP. The
guidance requires the incorporation of a “cultural” change with respect to the implementation and the
qualifications of those participating.

1.3.1.3. FAA Engineering Brief #106 Guidance for the Implementation of Changes in Industry Cement
Standard Specifications (FAA 2023)

This document was issued on February 7, 2023, in response to the need for guidance on specifying
cements for use on concrete airport pavement projects. The need has been driven by the increased
production and use of blended cements meeting ASTM C595/AASHTO M 240 such as portland limestone
(or Type IL) cements, as well as the decreasing availability of traditional cements. Additionally, ASTM
C150/AASHTO M 80 no longer include provisions for low alkali cement and ASTM C595 has added a
property designation of HE for high-early strength. The document provides guidance to support selection
of cements, when it is necessary to report the alkali content of cement, and how to report the alkali
content of cement.
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EB #106 provides an overview of sustainable cements and their benefits, including potential economic,
strength, and durability improvements. The document indicates that blended cements are generally
acceptable at a 1:1 replacement of traditional cements meeting ASTM C150. Blended cements are
acceptable for use in a variety of airport construction applications, including concrete pavements subject
to Item P-501 specifications. The engineer is cautioned, however, to verify the availability of the
cement(s) in the project area.

The document provides a background on alkalis in cement, their role in alkali-silica reaction (ASR), and
an overview of how alkali content is measured and reported as equivalent alkali. Guidance on when to
limit the alkali content in a concrete mixture (“alkali loading”), as well as how to calculate the amount of
alkalis introduced to a concrete mixture based on mixture proportions and composition, are described.

Modifications to AC 150/5370-10H are presented, guiding the engineer on how to specify cements for
use in subgrade, subbase, base, concrete pavement, and miscellaneous concrete. In P-501, the engineer
is directed to test coarse and fine aggregate separately in accordance with ASTM C1260, modifying
(extending) the test to 28 days (30 days from casting specimens). If the measured expansion of either the
fine or coarse aggregate exceeds 0.10% at 28 days, the alkali loading of the concrete should be limited to
less than or equal to 3.0 pcy (1.8 kg/m?3). This test must be competed within six months of the date of
the concrete submittal, and the alkali loading contributed by the cement per cubic yard must be added
to the concrete mixture submittal.

1.3.1.4. FAA Engineering Brief #34a Referee Testing of Hardened Portland Cement Concrete Pavement -
Percent Within Limits Revision (FAA 2002)

This document presents a method of testing that can be used “when doubt exists as to the validity of the
standard flexural strength test results when the acceptance criteria is based on percentage of materials
within specification limits (PWL). The method can be used when “acceptance testing, assumed to reflect
the in-situ product, has been completed prior to the possibility of referee testing.” The document
provides a method of testing cores obtained in accordance with ASTM C42 for splitting tensile strength
per ASTM C496. Before sampling and testing, all involved parties, including the FAA, must agree to the
approach described in a Testing and Acceptance Program, which becomes a fully binding agreement. The
program must include a basis for retesting (including why the original acceptance testing is incorrect),
assign responsibilities for the costs associated with the retesting, identify random sampling and test
methods, define testing frequencies, sampling, and coring, provide estimating factors correlating flexural
and splitting tensile strength, address factors affecting the strength of the samples (such as SCMs), and
address combining the referee tests with original flexural tests.

1.3.1.5. Other FAA QA and QC Approaches

FAA Order Number 5300.1G, “Modifications to Agency Design, Construction, and Equipment Standards”
(dated 9/29/2017) establishes a process to request modifications to agency airport design, construction,
and equipment standards. These requests are known as Modification of Standards (MOS) and apply to
any deviation or addition to FAA standards for design, construction or equipment (FAA 2017).

Specifically, these MOS could be used to modify the content of the following portions of AC 150/5370-
10, Standards for Specifying Construction of Airports:

e Section 50 Control of Work.
e Section 60 Control of Materials.
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e Item C-100 Contractor Quality Control Program.
e [tem P-501 Cement Concrete Pavement

Since March 2018, MOS submissions have been approved through FAA's Airport Data and Information
Portal (ADIP). The research team wanted to collect any recent MOS on these portions of AC 150/5370-
10, determine if they applied to QC and QA elements of concrete paving, and use any information to
supplement the findings of this literature review. However, the ADIP database is not meant for release of
airport data and thus, the research team could not access any approved MOS on these topics. After
discussions with current and former FAA personnel familiar with these MOS requests (and a national
consultant), we concluded that very few MOS exist related to the scope of this project. MOS have been
issued to allow the use of maturity or beam/cylinder correlation instead of beam testing for projects
needing rapid pavement opening.

1.3.2. Military Tri-Services
1.3.2.1. UFGS 32 13 14.13 Concrete Paving for Airfields and Other Heavy-Duty Pavements (DOD 2022)

The Unified Facilities Guide Specifications (UFGS) 32 13 14.13 is used for specifying construction of
concrete pavement for the Army, Navy, and Air Force, including airfields, heavy-duty roads, parking
areas, hardstands, and vehicular pavement. These guidelines are mandatory for projects related to
airfields and align area pavements of tri-military services (Army, Navy, Air Force airfields, and aligned
activities). UFGS 32 13 14.13 August 2019 (superseding November 2017) was the most current
specification when this project began in August 2022. However, the specification was recently updated
and the version we will use moving forward with this work will be UFGS 32 13 14.13 issued November
2022 (DOD 2022).

Part 1 General: Part 1 establishes the payment parameters, submittals, and QC testing and inspection
requirements. In Section 1.1, language to support payment by unit price or lump sum is provided. This
section also outlines stepped payment adjustments for smoothness, plan grade, and thickness.
References are provided in Section 1.2, which lists documents referred to in other areas of the
specification. Section 1.3 lists submittals required for different aspects of construction, with designations
provided to indicate approval requirements.

Section 1.4 outlines QC provisions required by contractors. The required qualifications of key personnel,
including Contractor Paving CQC Manager, QC inspectors, lead foreman or Journeyman of the Concrete
Placing, Finishing, and Curing Crews, the Field-Testing Technicians, Laboratory Technicians, and
Manufacturer’s Representatives from the batch plant and slipform paving equipment manufacturer.
Resumes for other personnel, including Petrographer, Licensed Surveyor, Concrete Batch Plant Operator
and Profilograph Operator are required to be submitted for approval. Laboratory Accreditation and
Validation requirements are provided, with the option for Navy project engineers to waive the validation
requirements. This section also outlines other required activities that the contractor must perform or
retain another entity to perform. Section 1.4.3.1 requires that aggregate testing and mixture
proportioning studies are required to be performed by a commercial laboratory. In Section 1.4.3.2, the
contractor is required to “provide all materials, labor, and facilities required for molding, curing, testing,
and protecting test specimens at the paving site and in the laboratory,” and tests for flexural and
compressive strength are specified.

The Contractor Pavement Quality Control Plan requirements are presented in Section 1.4.3.3. The
Pavement Quality Control Plan supplements the overall Quality Control Plan required by other UFGS
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specifications. The plan must “address all elements which affect the quality of the pavement including,
but not limited to condition of underlying course, adjacent pavement, and dowels, stockpile
management and batching operations, mix proportions and batching operations, transportation, placing
and consolidation, placing dowels and tie bars, finishing and texturing, curing, sawing joints, contractor
QC testing and inspection, and inclement/hot/cold weather plans. Laboratory inspections must also be
carried out on all laboratories requiring validation. Section 1.4.4 addresses preconstruction testing and
submittals for materials, with requirements outlined for aggregates, admixtures, curing compounds,
epoxies, and cementitious materials. Section 1.4.5 indicates that during construction, the contractor
should sample and test materials as outlined in the specification. Acceptance personnel will sample and
test “concrete and ingredient materials as considered appropriate” with the contractor providing
facilities and labor necessary for procurement of representative samples.

Specifications guiding construction of the Test Section are outlined in Section 1.4.6, including general
provisions, the pilot lane, and the fill-in lane. The test section must be constructed up to 15 days, but not
more than 60 days prior to construction of the pavement. Production of the test section (pilot lane and
fill-in lane) must be performed using the same materials, equipment, and construction techniques used
for production paving. Contractors are to demonstrate through the construction of test section base
course preparation, concrete production, placing, consolidation, and all post-construction activities
(including texturing, curing, construction of joints, and all testing) per the provisions of specifications.
Provisions for testing and inspection of materials during this activity, as well as acceptance of the test
section, are provided. The test section must meet the “specification requirements including plastic and
hardened concrete properties, surface texture, thickness, grade, smoothness, joint face deformation,
edge slump, and plan joint alignment.” Air contents before and after the paver are compared, with
provisions provided for hardened air void analysis on cores if tolerances are exceeded.

Acceptance requirements are outlined in Section 1.4.8, where lots and sublots are also defined. Use of
four sublots is established as typical, with provisions for partial lots provided for smaller areas and
scopes of work. Random sampling approaches per ASTM D3665 is to be used. The contractor is directed
to “provide all sampling and testing required for acceptance and payment adjustment, including batch
tickets with all required acceptance testing” in Section 1.4.8.2. The Government reserves the right to
“direct additional samples and tests for any area which appear to deviate from the specification
requirements.”

Section 1.5 provides specification provisions regarding delivery, storage, and handling. Prevention
provisions for contamination or intermixing of materials are required, including certain stockpile
management provisions. The contractor is required to “maintain sufficient aggregate at the site at all
times to permit continuous uninterrupted operation of the mixing plant at the time concrete is being
placed.”

Part 2 Products: Part 2 establishes requirements for the products used to produce the pavement, as well
as the pavement itself. Section 2.1 establishes the requirements and testing approaches for surface
smoothness, straightedge testing, profilograph testing, and bumps that require grinding. Requirements
and limits for edge slump, joint face deformation, and plan grade are provided, along with methods for
measuring and reporting. Requirements for strength and thickness testing are provided, along with
means for computation and reporting. Diamond grinding requirements are provided in Section 2.1.7,
with the contractor required to ensure that the areas in which grinding operations have been performed
meet all specifications for acceptance.
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Section 2.2 covers cementitious material requirements, with guidance provided to support ASR
prevention measures. The November 2022 specification allows blended cements meeting ASTM
C595/C595M, including Type IL. Minimum and maximum SCM contents are described, as well as
requirements for aggregates and other materials. Section 2.3 provides aggregate requirements, where
much attention is given to assessing ASR potential, as well as combined gradations. Size, shape,
composition, and deleterious materials requirements are provided, including testing sequences for
deleterious materials. The contractor should ensure that the aggregate meets the requirements of the
specification to be used, and in cases when aggregate sources available in the area do not conform to
specification, find suitable sources from outside the area. It is also the contractor’s responsibility to
establish that the aggregate to be used has a satisfactory service record for the last 5 years in freezing
and thawing environments in three concrete paving projects. A copy of the condition survey of the
existing concrete with a review of concrete-making materials including their service records, mill
certification data, physical and chemical composition, and mix design needs to be submitted. An
additional service record performed by an independent third-party professional has to be submitted
along with their resume. Requirements for admixtures, curing compounds, joint materials,
reinforcement, and dowels are also provided in subsequent sections.

Section 2.11 covers equipment, requiring the contractor to “maintain all plant, equipment, tools, and
machines used in the work in satisfactory working conditions at all times.” The concrete plant must
receive National Ready Mixed Concrete Association (NRMCA) certification of the plant, without cost to
the Government. The batching and mixing plant must be on site or close, limiting haul time to 30
minutes. All the equipment needed for pre-production, production, placing, curing, and post-production,
must meet requirements provided in Section 2.11. Section 2.11.2 provides requirements for stationary
and truck mixers, with requirements for uniformity testing of both types of mixers presented in detail.

Section 2.12 provides requirements for specified concrete strength and other properties, with the
engineer guided through notes to modify the provisions as appropriate for required test results, ages,
and specimens used (cylinders/beams). Strength requirements for final acceptance are described in
Section 2.12.6, with the engineer guided to modify the provisions based on preferences.

Mixture proportions are the subject of Section 2.13, which provides requirements for mixture
proportions, trial design batches as part of proportioning studies, and trial mixture studies for different
combinations of materials. Step-by-step procedures are provided for mixture proportioning for flexural
strength, as well as determining the average QC and acceptance flexural strengths required during
production. An approach is provided to establish a standard deviation based on previous tests (within 18
months), allowing the contractor to potentially reduce the required flexural strength.

Part 3 Execution: Part 3 establishes the requirements of the contractor during execution of the work.
The section includes provisions associated with preparation for paving, conditioning of underlying
material, weather limitations, concrete production, paving, finishing, curing, and joints. This section also
covers repair, removal, and replacement of newly constructed slabs that do not meet acceptance
requirements, as well as removal and repair of existing concrete pavement. Requirements for protection
of the pavement during the work are provided. Contractor QC testing and inspection requirements are
also described. In Section 3.1.2 Proposed Techniques, the contractor is required to submit a description
of how the work will be performed, including placing and protection methods, paving sequence, jointing
pattern, information on curing and profilograph equipment, repair methods, and grinding equipment
and procedures. Weather precautions and proposed techniques to protect concrete must also be
addressed, with a detailed plan of protection in case of adverse effects.
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Section 3.2 includes procedures and requirements for ensuring the underlying material is in satisfactory
condition to support paving operations, as well as provisions for protecting the underlying material from
traffic. Weather limitations and hot/cold weather placement provisions are provided in Section 3.3.
Section 3.4 provides requirements for concrete production, which is governed by the requirement of
maintaining a continuous, uniform movement of the paver not less than 2.5 feet per minute. For
concrete transported by non-agitating equipment, concrete must be deposited in front of the paver
within 45 minutes from the time cement was discharged into the mixing drum (decreased to 30 minutes
in temperatures above 90° F). For truck mixers, 90 minutes of transport time is allowed, reduced to 60
minutes in temperatures above 90° F. Truck mixers are not allowed to be used for mixing/transporting
slipformed concrete.

Section 3.5 establishes paving requirements, including that the contractor must ensure the paving
operation proceeds at a minimum rate of 2.5 feet per minute. Requirements for consolidation and paver
operations are provided, along with the required results; “Provide a paver-finishing operation that
produces a surface finish with a minimum, isolated amount of irregularities, tears, voids of any kind, and
any other discontinuities in a single pass across the pavement; multiple passes are not permitted.” No
hand finishing is allowed other than the use of cutting straightedges, “except in very infrequent
instances.” No water other than fog sprays is allowed to be applied to the concrete surface. Section 3.5.5
covers requirements for fixed form paving, including forms, setting forms, form and form removal.
Section 3.5.6 provides requirements for slipform paving, including paver requirements, paver operation,
use of a guideline, and stringless technology. Reinforcing steel and dowel/tie bar placement
requirements are presented in Sections 3.5.7 and 3.5.8, respectively. Requirements for contraction joints
and construction joints are also included in this section. Finishing requirements presented in Section 3.6
include methods, requirements, limitations, and corrections. Curing measures presented in Section 3.7
provide requirements for the allowed approaches of membrane curing and moist curing. Requirements
for joints provided in Section 3.8 include a description of the allowed instances, methods, and protection
of the joints.

Section 3.9 Repair, Removal, and Replacement of Newly Constructed Slabs provides requirements for
repair of free edge lane vertical faces, slabs with cracks, removal and replacement of full slabs, repairing
spalls along joints, weak surfaces, and pilot lane vertical faces. Requirements for removal and repair of
existing concrete is covered in Section 3.10.

Pavement protection, including limitations for construction traffic, are provided in Section 3.11. Hauling
and paving equipment “is permitted on the new pavement after the pavement has been cured for 7
days, the joints have been sealed or otherwise protected, the concrete has attained a minimum field
cured flexural beam strength of 550 psi, and approved means are provided to prevent damage to the
slab edge.”

Section 3.12, Testing and Inspection for Contractor QC During Construction provides minimum QC
requirements for the contractor’s testing and inspection activities. The section emphasizes the
procurement of representative test samples at different locations of construction such as sampling
platforms, belts, and at the point of delivery to the pavers. QC tests required per section need to be
performed regardless of any other testing performed by the Government for any reason. Table 17 lists
the frequencies, test methods, control limits, and corrective actions for:

Aggregate
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e Fine aggregate gradation and fineness modulus.
e Coarse aggregate gradation.

e Workability factor and coarseness factor.

o Aggregate deleterious, quality, and Asr test.

Plant

e Scales, weighing accuracy.

e Batching and recording accuracy.

e Batch plant control.

e Mixer uniformity - stationary mixers and truck mixer.

Concrete mixture

e Air content.

e Unit weight and yield.
e Slump.

e Temperature.

e Strength.

Paving

e Inspection before paving.

e Inspection during paving.

e Vibrators.

e Moist curing.

e Membrane compound curing.
e Cold weather protection

Section 3.12.3 requires that control charts be maintained for “fine and coarse aggregate gradation,
combined gradation coarseness factor/workability factor, slump, air content, unit weight, yield, and 7-
and 14-day flexural strengths.” Control charts must be posted and “maintained current at all times,” and
use of the control charts to support process control and mixture modifications is encouraged.

Section 3.12.4 provides required contractor QCC operations to support measurement of concrete
strength using flexural strength (beams) and compressive strength (cylinders). A procedure for
correlating average 7-day flexural strength per lot to equivalent 28- or 90-day flexural strength is
included, along with the requirement to take (approved) measures to increase the mixture strength if
the average 28- or 90-day strength for a lot is below the required average QC flexural strength by 69 psi
or more.

Section 3.12.5 Requires that all testing and inspection results must be reported in writing daily. Failures
must be reported immediately, with corrective actions provided in the daily Quality Control Reports.
Each Paving Lot Report must include, at a minimum, success, failures, and process control changes
necessary to meet specified tolerances. These reports must also compile, reduce, analyze, and compute
pay adjustment factors for all associated test data for each lot. Paving Lot Reports must include the
following, but this list is not inclusive:
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a) Underlying material test results reference to previous submittal numbers.

b) Batch Plant stockpile management and constituent tolerances.

¢) Batching and Paving Equipment Issues.

d) Reinforcing, embeds and block-outs.

e) Actual Conditions, and Protection Means: Rain, Cold, Hot and/or windy conditions including
evaporation rates, high/low ambient temperature.

f) PCC Plastic Mixture Properties.

g) Batch tickets. Provide legible copies.

h) Strength specimens initial cure: location, temperatures.

i) Aggregate gradation test results.

j)  Finishing: cutting straight-edge, automatic longitudinal float, edging tool, minimal hand work and
excess paste.

k) Texturing operation.

[) Curing operation: equipment calibration, wet cure, membrane cure or both.

m) Initial saw cutting (early entry or wet diamond, flushing and vacuuming, backer rod installation
and reapplication of curing compound).

n) Dowel installation and alignment results.

o) Surface Smoothness in both longitudinal and transverse directions (if diamond grinding occurs,
retest and include results).

p) Edge Slump (excessive, lost and rebuilt edge).

g) Joint Face Deformation (cutting or diamond grinding).

r) Plan Grade: table providing x, y, and elevation values versus design values.

s) Strength: beam/cylinder strength results (with updated correlation ratios and control chart).

t) Evaluation of cores.

u) Post-Production Pavement Protection Measures: protection and traffic

v) Fixed forms (as applicable)

1.3.2.2. UFGS 01 45 00.00 10 Division 01 - General Requirements, Quality Control (DOD 2021)

UFGS 01 45 00.00 10 Division 01 - General Requirements, Quality Control was most recently released in
November 2016, with Change 2 issued in November 2021. The document establishes requirements for
contractor QC for a range of projects completed under UFGS specifications. The document provides
guidance to owners in preparing provisions for payment and submittals for both design-build and other
types of construction contracts. In Section 3 Execution, the requirements for a contractor quality control
(CQC) plan are established, including content, additional requirements for a design quality control (DQC)
plan, procedures for accepting the plan, and notification of changes to the plan. Guide language for the
Coordination Meeting is also presented, with a note that the post-award conference should be
conducted by the Government as soon as possible after the contract award, coordinated with issuance
of the notice to proceed. Participation by the contractor and major subcontractor representatives is
required.

Requirements for personnel in the QC organization are outlined In Section 3.4, with the CQC System
Manager suggested (through notes) to be a graduate engineer/architect/construction manager with
professional registration and a specified number of years of construction experience on construction
similar to that included in the contract. An experience matrix provides the requisite qualifications for
personnel serving in QC roles for a range of areas, including civil, mechanical, environmental, concrete,
pavements, and soils. Required educational degrees as well as years of experience are listed.
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Section 3.6 Control describes the phases of control required to be conducted by the CQC System
manager for each definable feature of the construction work. These phases include the preparatory
phase before beginning work, the initial phase at the beginning of work on a definable feature, and the
follow-up phase where daily checks are performed to assure control activities are being performed.
Recording of information is described, as well as the charge to conduct follow-up checks and correct all
deficiencies prior to the start of additional features of work that may be affected by the quality of the
deficient work. Additional preparatory and initial phase work should be done on the same definable
feature if the quality of on-going work is unacceptable.

Section 3.7 provides requirements for tests and testing procedures ensuring that approaches comply
with contract requirements. Calibration and record keeping provisions are described, as well as
validation of testing laboratories. Capability checks/rechecks are described, allowing the Government to
check laboratory equipment and technicians to verify compliance and proficiency.

Section 3.8 provides provisions for the Completion Inspection, establishing requirements for both the
CQC System Manager Punch-Out Inspection, as well as the Pre-Final Inspection and Final Acceptance
Inspections by the Government. Documentation required for QA activities is described in Section 3.9,
along with the requirements for the Verification Statement to be submitted by the CQC System Manager.
Section 3.11 details the process for issuing a Notification of Noncompliance.

1.3.2.3. USACE ER 5-1-11, USACE Business Process (US Army 2018)

The USACE ER 5-1-11 USACE Business Process document establishes policy and doctrine to accomplish
all work performed by USACE. As a regulation it applies to all USACE activities, organizations and
employees. The document sets forth the USACE Business Process Imperatives as:

e Planning.

e Measure quality by meeting goals and expectations of the stakeholder.
e Effective communications.

e Use best practices.

e Use automated information systems.

A generic definition of quality is provided. Quality is measured with the goals and expectations of the
stakeholder in mind. Quality is the degree to which inherent characteristics are fulfilled. The document
sets forth a project delivery process. It establishes Project Delivery Teams with authority and
responsibility for delivering quality products and services. The document establishes the approach: One
project, one team, one Project Manager (PM). The responsibilities of the PM are defined, with the
document establishing that the PM manages scope, schedule, budget and quality and leads the Project
Team to successful execution.

It also establishes that all projects are managed with a Project Management Plan (PMP). The PMP
establishes project objectives and project specific quality control. The PMP is a living document. The
PMP is intended to address “all processes.” Appendix C provides for the minimum content as a “roadmap
for quality delivery.” The process begins with the scope of the work, the funding and the acquisition
strategy. These three items are ignored in today’s design and procurement protocol.

In summary, the ER-5-11-USACE Business Process document lacks definition and is very generic about
project management for quality. However, the tenants for the scope of the management part are
addressed.
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1.3.2.4. USACE ER 1110-1-12 Engineering and Design - Quality Management (US Army 2021)

The current document is dated 30 September 2006. The document is a regulation and therefore
considered mandatory for all Army units and agencies. The document is referenced in the UFGS 01 45
00, Quality Control, which is the compliment of FAA C-100, Contractor Quality Control Program (CQCP).
The ER 1110-1-12 is not listed as a source document in the FAA C-100.

ER 1110-1-12 requires that all USACE organizations deliver quality products. The glossary (Appendix B
does not define “quality products.”) The document recognizes that quality products require an
understanding of QM with the preparation of four plans.

e Project Management Plan (PMP) — identifies scope, schedule, resources needed and how the
project items are accomplished.

e Quality Management Plan (QMP) — documents the project specific quality control and assurance
procedures. The QMP identifies customer quality objectives and specific requirements. The QMP
is made up of a Quality Control Plan (QCP) and a Quality Assurance Plan (QAP). QCP includes the
“how” quality control will be executed. The QAP includes “how” assurance will be executed for
products and services.

e Contractor Quality Control Plan (CQCP) — defines “how” quality control will be executed.

The ER 1110-1-12 is organized to perform the “Plan-Do-Check-Act” Cycle (Deming approach). Four
additional plans are used to supplement the PMP: Production Schedule, Risk Management Plan, Value
Management Plan, and, Change Management Plan. Chapter 3 of the document provides general
requirements to “DO” what the plans intend to provide. Includes reviews, checks, targeted checks for
quality and independent reviews. Chapter 4 provides implementation directives for independent review.
Chapter 5 provides implementation directives for quality assurance directives. It also identifies those
command levels responsible for oversight of the process. Chapters 6, 7 and 8 provide guidelines for
identification and assignment of responsibilities to Design, Construction and design build managers.
These include the Designer of Record (DOR), Contractor, Design Build Manager and the Resident
Engineer. For Design Build projects USACE assumes responsibility for quality assurance.

In summary, the document makes frequent use of terminology such as quality, quality control and
quality assurance but those terms are never defined; nor is any example or format provided that goes
into the many plans required. The apparent end game is lots of planning and review but no real targets
as to what constitutes QC or QA.

1.3.2.5. Tri-Service Pavements Working Group (TSPWG) Manual M 3-250-04.97.05 (formerly ETL 97-5)
(DOD 2019)

This TSPWG manual (DOD 2019) provides guidance for selecting aggregate grading for use in concrete
mixtures to construct military rigid airfield pavements. Research Team Member Jim Lafrenz was the
USAF project manager for the research and responsible for the content of the original ETL 97-5. Jim
offers insights into both its contents and the intent behind approaches used.

The manual was developed to provide guidance on proportioning concrete mixtures for paving that must
address workability. A common factor identified in rigid pavements with early distress, primarily joint
reservoir spalling, were those constructed using gap-graded or poorly graded aggregates. The document
was published with the intent of using locally available materials. ETL 97-5 encouraged aggregate
blending to obtain the best gradation without sacrifice of quality. There was never an intent to use ETL
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97-5 as a specification that controlled aggregate size or the process to maintain consistency. The intent
of ETL 97-5 is to provide guidance for agencies to establish a catalog of suitable combined aggregate
gradations for each locale (source of aggregates) considering the workability needed for each means of
paving to provide consistent finished products.

There is one paragraph in ETL 97-5 that looks at material variability. Variability is considered in locating
the final plot of the coarseness factor (CF) and workability factor (WF) only with respect to the limits of
the Workability Box. In ETL 97-5 Guidance is provided as to a “normal daily variance” of 5 percent on the
coarseness factor and 3 percent on the workability. The intent of the “normal daily variance” is to keep
the plot of the selected design gradation well inside the control lines of the workability box. In the
current rigid pavement specification, P-501 for the FAA and 32 13 14 for the DOD, that variance has been
specified as a control.

The FAA Item P-501-2.1d describes how the CF and WF are calculated and Item P-501-2.1.d(4) provides
allowable adjustments during production of 5CF and +3WF. The directions provided in this section
conflict with those in Item P-501-5.4c and P-501.5.5b, as these are the suspension limits for these
control parameters and the Contractor is directed to halt production to correct the CF and WF after
there are two consecutive averages of five tests are outside of suspension limits. The average daily
production of concrete for airport pavement is approximately 1600 cubic yards per day. There are two
tests per day or one average and therefore the contractor will place two days of paving prior to being
forced to halt production. The FAA P-501 cannot be enforced because there is no direction provided that
provides substantive direction on corrective action. The FAA specification does not recognize that the
“normal daily variation” is not a control limit.

The UFGS Section 32 13 14.13, November 2022 version, uses the same language as the FAA P-501. The
contractor is required to determine the CF and WF twice per lot (one day of production) and then
average the two findings. There must be two consecutive averages of the CF/WF plot outside of the
tolerance before a halt in production. There is no direction in the specification that directs the contractor
to adjust the daily grading to meet CF/WF targets unless there is a plot outside of one of the tolerances.
The UFGS does not recognize that the “normal daily variation” is not a control limit.

The tolerances establish what is expected as a daily change in aggregate sizes that result in a slightly
different CF or WF. The intent of the tolerance is to “start” every day with a corrected aggregate weight
proportion for each aggregate size back to the design CF and WF position. Doing that ensures that the
normal variation should not be beyond the tolerance established. When the CF and WF plot outside the
tolerance limits then one of two conclusions can be made. First, the aggregate size of one or more
aggregate stockpiles has changed and a new CF/WF design must be accomplished. Secondly, the design
CF/WF was never corrected to the field environment as a result of adjustments allowed by contract
documents.

1.3.2.6. TSPWG TSC Report 13-1 Inspector’s Manual for Hot-Mixed Asphalt and Portland Cement
Concrete (DOD 2013)

This document is written in a format that interprets the UFGS Sections applicable to asphalt and
concrete pavement construction. There are paragraphs that explain “how it should be” but few
explanations of how materials respond to the recommended practices. The document requires updating
to be consistent with the limitations and requirements of the current UFGS Section. The format and style
reads like a “supplemental specification.” The document does not consider the “inspector” and QA as
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two different entities. There is too much information for use by the “inspector level” and not enough
technical information for the QA.

Chapter 4: Portland Cement Concrete - Section 4-1 identifies the required submittals. However, the
section does not offer any technical content giving guidance as to what is critical. Neither does the
section provide content as to the components of the required plans and mix proportions. Section 4-2,
Laboratory, describes requirements for laboratories, but the section does not provide guidance on how
to examine an accreditation or certification. There is a single paragraph, including three bullet points, on
what the qualifications are for the person performing a deleterious materials test. There is no guidance
on the critical nature of the tests or the reasons for performing the testing. The inspector, or QA, should
understand what and why the testing is being performed.

Section 4-3.2.1 covers the requirements for cementitious materials. This section needs to be updated
with new cement types. Paragraphs on blended cements and supplementary cementitious materials also
require updating. Section 4-3.3 includes requirements for aggregates. The coarse aggregate section
requires further explanation about each of the tests that are performed to determine quality. The
discussion on deleterious materials is a repeat of the previous discussion. This includes an important
item that is not included in the specification as to the testing protocols that are used to determine the
limits provided in the specification. The difference in testing and deleterious material between highways
and airports must be defined with clarity. The requirement for the rigorous testing must be evaluated for
economic benefit. The discussion on the FM of sand should include a value higher than 3.0. The last
paragraph states that only Air Force and Navy projects require the use of the coarseness and workability
factor. Clarification is required as to why this statement applies.

Section 4-4 provides information on mixture proportioning. Three items regarding mixture proportioning
follow:

e The section on the design strength should be examined to evaluate the impact of using the 650-
psi flex strength for design. The FAA is considering lowering the 90-day age to provide a better
fatigue life. There must be some diligent investigation as to how this would be accomplished
without limiting the paving schedule. Contractors are likely always going to use high early
strength to limit down time on the paver.

e The section on aggregate blending should be written to explain the purpose of aggregate
blending and how to control combined gradations with respect to process control. The latest
specifications for both the UFGS and the FAA impose testing requirements that negate the
purpose of the tolerance given in ETL 97-5.

e The use of the 1.34 times the standard deviation to determine a production strength. Reference
the first bullet. Has there been any recent research as to the benefit of using a thirty five percent
increase in the standard deviation?

Section 4-5 discusses plant production and calibration. The section identifies numerous “best practice”
operating clauses that are not included in the contract documents or the specification. Review of the
section is required and items critical to quality extracted for possible use in a specification. There are
numerous “shall statements” that cannot be enforced because the requirements are not defined in the
contract documents. A lot of information on equipment used to transport concrete or optional mixing
equipment. A review of the details should be extracted for use in training sessions. The material
presented after 4-7.3 is supplementary information that should be presented as a separate document.
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Dowel Inserters in Contraction Joints are the subject of Section 4-8.8.1. The paragraph is written in a
manner that gives explicit approval of dowel bar inserters. There must be very detailed information on
the functions of the dowel bars and how load transfer is accomplished. Without the technical
information it is very difficult to evaluate dowel bar alignment during the test section and during
production without some guidance as to frequency. Section 4-8.10.1 discusses dowel installation in fixed
form paving. The practice of using pre-drilled holes in forms is common. However, the paragraph states
that the practice “is not acceptable.” What means of dowel bar stabilization in forms is acceptable? This
practice must be looked at and either eliminated or a suitable practice specified.

In Section 4-11.2 Equipment. The section on slipform paving appears to be written by a person or
persons familiar with the different designs used by slipform paving machine manufacturers. Repeating
what the specification states does not give the inspector (or QA) enough information to properly
evaluate the expected performance of a concrete placement.

Section 4-11.4.1 covers “Poor Consolidation.” The CRD C 521 test for vibrator is antiquated and does not
provide the results needed to properly determine the function of the vibrator. Industry needs to look at
“how to evaluate” proper evaluation of a vibrator in field production. Section 4-12.6.2 is entitled “Open
or “Vuggy” Surface.” The term “Vuggy” is not defined, and the cause is not the absence of a gradation
mix deficient in sieve sizes #4 and #8. The cause can be determined by examination of the combined
aggregate gradation using the percent retained graphic supplemented with the 0.45 curve. Section 4-
16.3.2 addresses use of a Profilograph. The profilograph is not common practice. The smoothness issues
must be addressed by current means and methods available to Contractors, such as non-contact inertial
profilers.

Section 4-17 addresses construction and contraction joints, and should be incorporated into the previous
discussion.

Section 4-19 QC/QA Testing and Pay Adjustments requires a complete revision. The difference between
QC and QA must be incorporated into the testing performed, the purpose of the test and the relative
accuracy required for the intended purpose. QC testing for process control does not require ASTM
protocol when the elapsed time between results and correction does not benefit the product. The
information on measurement of edge slump and joint deformation should be incorporated into the
inspector checklists when the product is evaluated. Real time feedback during construction is necessary
on product placement not just “after” hard enough to walk on.

Information presented in Section 4-20 Identification and Cause of Hardened PCC Distress should be in
another document. Some information should be provided in the applicable section of the inspector
information. An example is the plastic shrinkage cracking which occurs in real time.

1.3.2.7. FAR 52.246-12 Inspection of Construction (FAR 2023)

This Document requires the Contractor to maintain an adequate inspection system and perform such
inspections as will ensure that the work performed under the contract conforms to contract
requirements. It emphasizes that Government inspections and tests are for the sole benefit of the
Government. It also requires the Contractor promptly furnish, at no increase in contract price, all
facilities, labor and material reasonably needed for performing such safe and convenient inspections and
tests as may be required by the Contracting Officer.
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1.4. Other Concrete Pavement Industry Quality-Related References

The following documents developed by others in the concrete pavement industry will be useful
references to support development of the best practices guide, model QC plan, and training materials.

1.4.1. ACPA EB102: Best Practices for Airport Concrete Pavement Construction (ACPA 2011)

This document is an update of an Innovative Pavement Research Foundation (IPRF) publication of the
same name. The document provides details on best practices from design through construction, with
some details on early age distress repair. With a focus on QC, checklists are included for preconstruction
considerations, inspection and testing, and joint sawing. A decision tree for early age cracking is also
included in the appendices. The information presented in this document has historically served as a
useful reference to many contractors, supporting quality airport pavement construction and improved
long-term pavement performance. It has long been accepted as the most comprehensive guide on
airport construction available.

1.4.2. Integrated Materials and Construction Practices for Concrete Pavement: A State-of-the-
Practice Manual (Taylor et al. 2019)

This document, known as the IMCP Manual, is perhaps the most comprehensive reference guide and
training tool to support the concrete pavement community, including owners, designers, material
suppliers, QC and QA personnel, and tradespeople. The 2019 version of the IMCP Manual updated the
2006 publication with the latest technological advancements, materials developments, and industry
developments including PEM, sustainability, and other modern challenges. Content of this manual,
including information on sustainability, design basics, fundamentals of materials for concrete pavements,
concrete mixture design and proportioning, concrete properties and performance, construction, quality
assurance, and troubleshooting, can be readily referenced in development of the deliverables for this
project.

1.4.3. Quality Control for Concrete Paving: A Tool for Agency and Industry (Cavalline et al.
2021)

This recent publication presenting best practices for QC for highway concrete pavement was supported
by FHWA’s Cooperative Agreement with the CP Tech Center. The tool can be used by highway paving
contractors to impact their QC program at the batch plant, ahead and behind the paver, as well as at
other locations on the job. This document presents the means for highway contractors to develop a well-
conceived QC program. At the same time, this document is helping state agency personnel become
familiar with the components and approaches that comprise a comprehensive QC plan for concrete
paving projects, how such a plan benefits an agency, and ways to appropriately incorporate QC
requirements into specifications and acceptance factors. This document includes up-to-date guidance for
both PEM and conventional approaches to concrete paving.

1.4.4. ACPA EB237: Concrete Pavement Field Reference: Pre-Paving (ACPA 2008)

This publication provides pre-construction considerations for concrete paving. It includes fundamental
information on placing methods, materials, machines, and instruments currently available for joint
layout, subgrade/subbase design and preparation, stringline, forms, embedded steel arrangement and
placement, and concrete mixtures. Although some technologies have advanced since the publication of
this document, the fundamental processes are covered in its content, and this series of checklists could
serve as a starting point for development of guidance presented in the best practices manual.
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1.4.5. ACPA EB238P: Concrete Pavement Field Reference: Paving (ACPA 2010)

This publication serves as a guide to understanding and troubleshooting various aspects of concrete
paving. Although the intended audience includes all stakeholders (owners, consultants, contractors and
suppliers), the content has been particularly useful to contractors and field personnel. The document is a
companion to the Pre-Paving Field Reference described above, and also includes a series of checklists
“aimed at guiding and assisting with the proper procedures” associated with the paving process.

1.4.6. ACPA SR990P: Understanding Statistically-Based Strength Specifications for Portland
Cement Concrete Pavements (ACPA 1999)

This workbook was developed to provide a starting point for training field personnel and estimators on
the basic statistical concepts needed to work effectively with statistically-based concrete pavement
specifications. Understanding the material in this manual has been considered essential for contractor
personnel who work under a percent-within-limits or other statistical approach. Among the information
covered is variability, risk analysis, data populations, histograms, normal distributions, and percent
within limits. Example problems are included to illustrate some of these concepts. While the document
is dated, the much the material can be considered fundamental, and may still be useful to the best
practices manual and training materials.

1.4.7. ACRP Research Report 234: Rapid Slab Repair and Replacement of Airport Concrete
Pavement (Stempihar et al. 2021)

This report is a comprehensive guidebook on rapid slab repair and replacement. This guidance document
was written for airport practitioners and engineering consultants and builds upon FAA AC 150/5370-16,
Rapid Construction of Rigid (Portland Cement Concrete) Airport Pavements. It covers all elements of the
RSRR process, including planning, design, materials, and construction. The guidebook includes case
examples of RSRR programs and practices at airports experienced in these techniques, and highlights
example construction projects.

2.0 EXISTING TRAINING/CERTIFICATION PROGRAMS

A thorough search and review of available training programs indicates that there is no single
comprehensive program for airport pavement construction QC and QA available today. Some elements
useful for the envisioned training program are available from the US Army Corps of Engineers
Transportation Systems Center (TSC) project pre-construction courses and from the Air Force Institute of
technology (AFIT) online training materials, from highway sector courses developed with support from
the FHWA and from more narrowly focused training materials of various entities, including industry.
Personnel and concrete plant certifications required by either FAA or the military tri-services in QC
specification provisions also include an element of training and testing focused on demonstrating the
requisite subject matter knowledge.

It is clear from SMArT panel interviews (summarized in Section 4.0) that on-the-job training under
seasoned mentors is currently the primary means by which new employees learn their specific QC or QA
job responsibilities. In general, researchers have found that on-the-job training technology can be
developed that stimulates the user through interactive processes that promotes knowledge retention,
understanding, and requires judgements of acceptable risks (Shohet et al. 2019). However, the absence
of an available core curriculum may explain to some extent why the level of knowledge of quality
requirements varies among the contractors and engineering firms building airport concrete pavements.
New employees are only as well-trained as their mentor and job experience can provide.
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The absence of an available core curriculum also shapes the goal for the training material deliverable
outlined in the project work plan. Our team will develop a series of modules stepping a student through
the elements of QC and QA for concrete pavement construction at airports. The level of detail will be as
needed to convey the material effectively such that a person has a base of knowledge to understand why
QC is important, the causes and effects of important construction variables/techniques, how to apply QC
principles within the FAA P-501 and military UFGS 32 13 14.13 provisions, and the confidence to help
raise the bar of quality within their company. In addition to a full set of modules, the training
deliverables will include single-subject short training products for elements considered key to changing
practice, such as an executive-level discussion on changing company philosophy to prioritize quality
control for airport construction.

The following describes the most relevant training programs that were available in sufficient detail for
review by our team. It is important to point out that some training programs are administered for a fee
through a private entity or trade association. We did not purchase these materials to prepare our
summary, but rather reviewed relevant course descriptions, syllabus information and discussed the
material with course managers. Certain private-entity certification course materials were also not
available to us for this review. We anticipate incorporating elements (photos, video clips, diagrams, etc.)
from available courses into our training deliverables with appropriate permission.

2.1. Industry-Developed/Sponsored Training

2.1.1. ACPA Annual Best Practices in Airport Pavement Design and Construction Workshop
(ACPA 2023)

This in-person workshop is hosted annually. The three-day program draws from 50 to 70 participants and
includes a mixture of individuals from paving contractors, engineering firms, airport owners and
government agencies, including FAA and the military tri-services. The course moderator facilitates active
discussion between the participants and the instructors. The exploration of questions and the exchange
of information about current best practices is one of the course’s key value points. Discussions are
candid, robust and aimed at improving awareness, interpreting differences, and applying practical
information about FAA and military tri-services pavement projects and specifications (FAA Item P-501
and UFGS 32 13 14.13).

Instructors for the workshop include various experts from the TSC, the FAA Headquarters Office of
Airport Safety and Standards, the Air Force Civil Engineering Center, ACPA, and private sector companies
with direct involvement in the design and construction of FAA and military airport paving projects. In this
regard it stands out as offering the most diverse perspectives related to the topics relevant to this
contract.

The typical workshop agenda includes the following topics:

e Concrete Paving Fundamentals.

e Overview of Department of Defense Guidance (UFC’s & Engineering Technical Letters).

e Overview of Federal Aviation Administration Guidance on Pavement Design and Construction.
e Measuring Water Content of Fresh Concrete.

e FAA Specifications for Subbase, Base, and Stabilized Base Construction.

e Selecting Aggregates for Concrete Pavement.

e Environmental Product Declaration (EPD) for Airport Concrete Pavements.

e Mix Design requirements for Airport Paving.
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e Construction Techniques.

e Contractor Quality Control/Quality Assurance Requirements for Quality Concrete Pavements.
e P-501 Federal Aviation Administration Concrete Pavement Specification.

e Unified Facilities Criteria (UFC) 32 13 14.13 Concrete Pavement Specifications.

e Quality Control and Quality Assurance from the Department of Defense perspective.

e Airport Pavement Smoothness.

e Airport Pavement Construction Safety.

e Sustainability and Concrete Pavements.

e (CO2 Utilization for Airport Pavements.

The annual ACPA airport workshop is not intended as a basic primer on the specifications; instead, it
covers details of specification-related issues, challenges, and questions that commonly occur on the
grade. As such it does not provide a basic framework upon which modifications can be made to develop
the training envisioned as a deliverable of this contract. However, elements of the workshop are
considered a very good resource for the envisioned course modules, and the ACPA has given permission
to our team to use materials from the workshop.

2.1.2. Airport Consultants Council (ACC) Construction Administration and Observation Course
(ACC 2023)

This in-person course is conducted annually and draws 60 to 70 attendees. Attendees generally include
entry- and mid-level professionals from engineering firms, airport owners and FAA. The aim of this
course is to educate participants on the purpose, objectives, and accepted construction administration
methods for projects using Airport Improvement Program (AIP) and Passenger Facility Charge (PFC)
funds. The instructors focus on teaching how airport sponsors of FAA grant projects are required to
administer and observe their projects to follow applicable rules and regulations. ACC selects experienced
experts from airport owners (usually local to the workshop), construction engineering firms and FAA
Headquarters Office of Airport Safety and Standards, as well as FAA regional offices to serve as course
instructors.

While some topics include concrete pavement related matters, the course does not detail specifics for
concrete pavement quality control or quality assurance. It does, however, include guidance for
construction administration, reviewing construction project documentation/reports, and inspection.
Course moderators include class exercises based on real-life examples and facilitated discussions as part
of the educational approach.

This ACC course is not considered a primary source for developing the training under this contract.
However, ACC may be consulted further, and a final determination made as to any relevant materials
that may be incorporated or adapted with their permission.

2.1.3. Safety at Concrete Paving Construction Sites (ACPA 2013a)

This two-hour course was the first in a series of four experimental, self-directed online training courses
developed by ACPA under two separate contracts with FHWA. This first contract (DTFH61-12-P-00094; PR
No.: PR No.: 50-53-12144) called for the training to be developed and hosted on a third-party learning
management system contracted directly with ACPA and not through the agency. The course
development and a limited period of hosting was funded by FHWA, but the third-party LMS is no longer
in existence and the course is no longer offered online.
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The course targets field-level personnel including paving construction workers but is also geared to
everyone who—for any reason—works in or visits a concrete pavement worksite. This includes Title Il
inspectors, testing technicians, or others with a business reason for being on site. An expert panel,
including contractors, agency and FHWA personnel familiar with construction worker and testing
technician safety around concrete pavement construction sites, guided the work to develop the content.
The course includes over 170 visuals in six modules.

Our team anticipates adapting some of the material from this course into the QC training where best
practice suggests safety reminders would be appropriate and responsible within the envisioned training.

2.1.4. Proper Use of Stringless Paving (ACPA 2013b)

This is the second of self-directed online training courses developed by ACPA under FHWA contract
(DTFH61-12-P-00094; PR No.: PR No.: 50-53-12144). It is a 1.5-hour long course including about 120
visuals divided into 6 instruction modules. Its development was guided by an expert panel including
experienced contractors and stringless paving equipment manufacturers.

The course is considered a basic primer, which includes instruction on best practices for stringless paving
technology, which has increasingly been applied for paver control on both FAA and military tri-services
airport construction projects. Our team may adapt a few graphic images and other material from this
course into the envisioned training, particularly for discussions on surface elevation control.

2.1.5. Best Practices for Handling Aggregates for Concrete Paving (ACPA 2015a)

This 3.5-hour course was developed by ACPA as the third experimental, self-directed online training
course hosted on a third-party learning management system. The course development and delivery was
funded under a contract with FHWA (DTFH61-13-P-00156; PR No.:50-53-13228), but the third-party LMS
is no longer in existence and the course is no longer offered online. Contractor, agency and FHWA
personnel familiar with plant and aggregate handling technology guided the work to develop the course
content.

The audience for the course is primarily field-level personnel on the paving contractor side of
construction, including the loader operator, plant manager, project foreman, superintendent and project
manager. Title Il construction management engineering personnel are also targeted as a beneficial
audience for this material.

The course remains the most comprehensive available on handling aggregates for production at concrete
paving sites using a central mix plant. The course includes over 250 visuals in six modules. The modules
are:

e Basics about aggregates (what are they, specification requirements, qualities impacted by
handling).

e Considerations in accepting aggregates from suppliers (source, techniques, testing).

e Considerations in configuring plant site (layout, estimate stockpile size, aggregate demand
curve).

e Stockpile management best practices (how to build stockpiles, managing moisture in stockpiles).

e Proper handling between stockpiles and concrete plant (properly feeding the plant).

e What can go wrong from poor techniques.
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While the course was developed and offered for the highway sector, most of the instruction materials
are equally applicable to central plant construction at either FAA or military tri-service airport
construction sites. Elements of the training modules are considered a very good resource for use in the
envisioned course modules and single-topic training for this project.

2.1.6. Best Practices for Constructing Smooth Concrete Pavements (ACPA 2015b)

This course was developed as a companion to the Best Practices for Handling Aggregate course
described above. It is a 5-hour training course. A shortened version of the course is taught annually to
contractors at the World of Concrete. Like its companion, the audience for the course is primarily field-
level personnel on the paving contractor side of construction, including the paver operator, finishers,
plant manager, project foreman, superintendent and project manager. Construction management
engineering personnel are also a beneficial audience for this training.

The course remains the most comprehensive available that puts together all the elements necessary to
build smooth pavements. The course includes over 380 visuals in four modules/submodules. The
learning objective is to instruct students on all the factors (and their interactions) involved in
constructing high-quality, smooth concrete pavements. This includes instruction on:

The importance of smoothness on performance of pavements and the basic concepts why building
pavements smoothly is worth the extra effort.

e The factors that affect roughness in concrete pavements and how attention to details and
fundamentals can address these factors.

e Factors that a paving crew must take into account to get good results. (this is the most detailed
module and is outlined below)

e How to troubleshoot smoothness issues in the field.

e How to measure smoothness and the challenges and solutions for interpreting the results, and
finally

e How to correct bumps in the pavement surface.

The module on those construction factors a paving crew must consider to build high-quality pavement
includes instruction on:

Developing a smoothness-focused plan for the project.

Developing an accurate field survey for stringline/stringless controls.

Properly preparing the grade, providing a stable form or track line.

Setting up proper forms properly for fixed-formed paving.

Using a consistent concrete mixture appropriate for the paving method.

Delivering and placing concrete consistently.

Setting-up and operating the paver steadily.

Fastening dowels/reinforcing securely and using "bump-free" construction joints (headers).
Using only necessary and appropriate finishing techniques.

10 Applying texturing and curing with care.

©oONOUAWNE

As with the course on aggregate handling, our project team anticipates using elements of this training
course as a resource for our envisioned course modules and single-topic training presentations.
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2.1.7. GOMACO University (GOMACO 2023)

This a training program offered by GOMACO Corporation, which is a leading manufacturer of concrete
paving equipment used in airport pavement construction. The program is designed to provide individuals
with the knowledge and skills needed to operate, maintain, and troubleshoot GOMACO equipment. The
program is typically held at GOMACOQO's headquarters in Ida Grove, lowa, and is taught by experienced
GOMACO technicians and engineers. The curriculum covers a wide range of topics, including:

e Equipment operation and maintenance.
e Concrete paving techniques.

e Quality control and troubleshooting.

e Safety and environmental regulations.

e New technology and equipment updates.

The training program is typically 3 to 5 days long depending on the type of equipment and the level of
experience of the attendees. The program includes both classroom instruction and hands-on training
with the equipment. Attendees get the opportunity to work with and operate the equipment
themselves. The GOMACO University training program is open to all individuals who operate, maintain
or troubleshoot GOMACO equipment, regardless of the size of the operation. The program is intended
for experienced operators, supervisors, and maintenance personnel, who want to improve their
knowledge and skills in the operation and maintenance of GOMACO equipment.

2.1.8. Guntert & Zimmerman (G&Z) Equipment Training (G&Z, 2023)

G&Z is a leading manufacturer of large slipform paving equipment. The company’s variety of training
programs to help individuals and paving companies improve their knowledge and skills in the operation
and maintenance of G&Z equipment. The training programs offered by G&Z include:

e Operator Training: This program is designed to provide individuals with the knowledge and skills
needed to operate G&Z equipment safely and efficiently. The curriculum covers topics such as
equipment operation, maintenance, and troubleshooting.

e Maintenance Training: This program is designed to provide individuals with the knowledge and
skills needed to properly maintain G&Z equipment. The curriculum covers topics such as
preventive maintenance, troubleshooting, and repair.

e Technical Training: This program is designed to provide individuals with the knowledge and skills
needed to understand and troubleshoot the technical aspects of G&Z equipment. The
curriculum covers topics such as hydraulic systems, electrical systems, and control systems.

e Custom Training: This program is designed to provide customized training to meet the specific
needs of an organization. The curriculum can be tailored to cover specific topics or equipment
models and can be delivered on-site or at G&Z's facility.

The training programs offered by G&Z are typically taught by experienced G&Z technicians and engineers
and are a combination of classroom instruction and hands-on training. The duration of the program can
vary depending on the specific program and the level of experience of the attendees.
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2.2. Agency Developed/Sponsored Training

2.2.1. Air Force Institute of Technology (AFIT); Airfield Pavement Construction Inspection
Course WENG 555 (AFIT 2023a)

The WENG 555 course is self-directed, on-line training available through the learning management
system in AFIT’s Civil Engineering School. WENG 555 is available to all military and civilian employees of
the U.S. government. Students are given two months to complete the 30-hours of course instruction,
and associated quizzes, homework, and surveys. Students of this course are generally Air Force
personnel assigned as chief construction manager, construction management inspector, pavement
inspector, civil engineer officers, pavement engineer, and civil design engineer.

The intent of WENG 555 is to instruct students on how to best implement QC and QA measures during
the design and construction of airfield pavements (both concrete and asphalt). The course follows the
requirements of the Unified Facility Guide Specifications (UFGS) however it also draws from industry
standard pavement construction practices.

The course is broken into 1) general inspection and contract management, 2) aggregate fundamentals,
3) base and subbase, 4) asphalt mix design and paving operations, and 5) concrete mix design and paving
operations. Lessons applicable to concrete pavements include:

e Inspection.

e Pavement Systems.

e Aggregate Fundamentals.

e Aggregate Production and Handling.
e Soil Compaction.

e Aggregate Layers.

e PCC Constituents.

e PCC Mix Proportioning.

e PCC Mix & Delivery.

e PCC Paving Operations.

e PCC Finish & Cure.

e PCClJoint Construction.

e PCC Guide Specification Exercise.
e Contract Enforcement.

The course includes detailed case studies from military projects to reinforce instruction, as well as
homework assignments and exams to demonstrate learning. The core information taught through the
course is considered applicable to both military and FAA airport pavement QC/QA, inspection and
construction. Therefore, WENG 555 course materials are considered of high value as a source material
for developing the training envisioned as a deliverable of this contract. AFIT will be consulted further,
and a final determination will be made as to availability of relevant materials that may be incorporated
or adapted with their permission.

2.2.2. Air Force Institute of Technology (AFIT); Airfield Pavement Design & Maintenance Course
WENG 550 (AFIT 2023b)

WENG 550 is taught in-person annually at the Civil Engineer School at Wright-Patterson Air Force Base in
Dayton, OH. The course instruction occurs over two weeks and includes a significant quantity of required
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self-study, quizzes, exams and homework assignments. The instruction is given by AFIT engineering
instructors, as well as some invited guest lecturers from private engineering firms and the construction
industry. WENG 550 includes theory, principles and techniques for airfield pavement design in
accordance with Department of Defense Unified Facility Criteria. The concepts taught may be applied to
the design of new pavements, as well as the rehabilitation and reconstruction of existing pavements. The
course also covers pavement distress identification, maintenance strategies and repairs.

The course does not focus on pavement construction, rather the intent is that each student
comprehends and can apply the principles of airfield pavement design in accordance with Unified Facility
Criteria. To accomplish this objective, students are taught design theory, criteria, material performance,
and pavement maintenance concepts.

While the course is considered very important training for military airfields, it is not considered a primary
source for developing the training envisioned as a deliverable of this contract. However, AFIT will be
consulted further, and a final determination will be made as to availability of any relevant materials that
may be incorporated or adapted with permission to the training materials developed under this project.

2.2.3. Army Corps of Engineers Airfield PCC Paving Workshop (ACOE 2022)

This 2-day course is customized and conducted by the TSC prior to every major airfield concrete paving
project. The audience includes the contractor and subcontractor personnel involved in the construction
project, and the Title Il (construction management, inspection and quality assurance) engineers are also
encouraged to attend by TSC.  TSC'’s purpose for the workshop is to convey a clear understanding of
general project requirements and specifically the project’s UFGS 32 13 14.13 requirements, as well as
quality-based processes and controls. The workshop facilitators promote discussion of good practices
and industry standards regarding quality pavements. Examples are provided in the instruction to help
attendees recognize critical factors impacting DOD pavement performance, and to identify potential
issues based on best practices and lessons learned from past projects.

The version of the course reviewed was divided into eleven modules with over 600 visuals, as follows:

e Introduction.

e Contractor Quality Control.

e Demolition (Airfield Pavement Removal).
e Subgrade and Base Course Preparation.
e Mix Design and Constituents.

e Concrete Plant and Mixer Uniformity.

e Slip & Fixed Form Paving.

e Finishing, Texturing and Curing.

e Dowel Installation.

e Joint Sawing & Sealing.

e CQC Production and Acceptance.

The TSC modules are very thorough and include many excellent examples and pictures to illustrate key
points. In particular, the module on CQC Production and Acceptance is highly relevant to the envisioned
training being developed under this contract. However, no materials are permitted by TSC to be used
directly. Should any individual photos or other elements be desirable for use, written permission from
the TSC will be requested.

64



2.2.4. National Highway Institute Quality Assurance for Highway Construction Projects;
Course-131141 (FHWA/NHI 2022)

NHI 131141 is a 2-day in-person training course that is available through events hosted by state
departments of transportation. The course may be conducted multiple times per year. Each course draws
from 20 to 30 attendees.

NHI 131141 targets personnel with minimal to moderate experience working with transportation
materials and construction, who are presently or may be soon assigned to a position applying QA
specifications on roadway construction projects. Attendees typically include individuals from federal,
state, and local agencies, particularly, inspectors, lab personnel, field technicians, project managers, as
well as region, district or headquarters technicians and engineers. The course is also open to
construction contractors and construction management engineering personnel.

The intent of the instruction is to help students understand the impact and importance of a quality
assurance program, to realize the associated payment risks, and to recognize risks to infrastructure
performance long term. All the course content, including risk-based content, is related to practical
experiences, including case examples. Course topics (per the NHI syllabus) include:

e Basics of quality assurance (fundamental quality assurance concepts, terminology, and
definitions).

e Quality assurance program requirements (industry and agency support, the six core elements of
a program, and the use of QA specifications).

e Quality control concepts and building a quality culture (contractor and agency roles and
responsibilities; QC plans; sampling, testing, inspection; and control charts).

e Using data to (collecting, analyzing, interpreting, and quantifying data variability).

e Determining Payment (working with percent within limits and pay factors).

e Verification and materials testing dispute resolution.

While this course is intended for roadway/highway agencies and applications, there are many
fundamental concepts in NHI 131141 that could be useful for the airport training being developed under
this contract. Relevant materials may easily be adapted for use with permission from NHI/FHWA.

2.2.5. Dowel Basket Anchoring Methods (FHWA Best Practices Workshop #4) (CP Tech Center
2023)

This training program and accompanying technical brief was developed by ACPA under a subcontract
with the National Concrete Pavement Technology Center (with FHWA as financial sponsor). It has been
offered as a webinar and is presently available online.

The information presented includes background and basics, as well as the importance of dowel location,
alignment considerations and recommended placement/anchoring methods. In all, there are 84 visuals
within this training presentation. While it is intended for roadway/highway agencies and applications,
fundamental concepts could be useful for airport training. The materials are fully available for use with
permission.

2.2.6. FHWA Highway Materials Engineering Course (FHWA 2022)

FHWA delivered a Highway Materials Engineering Academy for several decades. The academy included
six weeks of in-person instruction. In 2017, FHWA revised and expanded the content delivered through
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this academy and moved away from strictly in-person delivery. The resulting course, entitled the
Highway Materials Engineering Course (HMEC), is available online for reference information and self-
guided study, as well as multimode delivery through a sponsoring state department of transportation.

HMEC is considered an advanced-level course. The target audience includes state agency personnel with
a bachelor’s degree in civil engineering, a professional engineering license and several years of
experience with construction or materials in an agency. Experienced state technicians with 10 to 15
years highway construction materials experience may also be sponsored by their agency to participate.

The course instruction is intended to reinforce best practices and expand the knowledge of participants
to materials they may not have as much experience with. The level of detail is such that participants can
gain the necessary background knowledge to develop materials specifications and make effective project
acceptance decisions. The course includes eight modules:

e Quality Assurance.

e Soils and Foundations.

e Steel, Welding, and Coatings.

e Aggregates for Transportation Construction Projects.

e Mechanistic-Empirical Pavement Design Guide.

e Asphalt Materials and Paving Mixtures.

e Portland Cement Concrete.

e Evaluating Recycled Materials for Beneficial Uses in Transportation Construction.

The HMEC is not considered a primary source for developing the envisioned training deliverables.
However, the concrete module has some relevant material, which is readily available in the public
domain, online from FHWA. Our team intends to review this module in detail during our training
development phase and adapt any useful material with proper acknowledgement.

2.3. Related Certification Programs
2.3.1. American Concrete Institute (ACI 2023)

ACI offers certification programs to individuals in the concrete industry, five of which are included in the
either P-501 or UFGS 32 13 14.13:

ACI Concrete Transportation Inspector.

ACI Concrete Flatwork Technician/Finisher.

ACI Concrete Field-Testing Technician, Grade I.
ACI Concrete Strength Testing Technician.

ACI Laboratory Testing Technician, Grade | or Il

vk wnN e

These programs are designed to test and verify the knowledge and skills of individuals in various areas of
concrete construction, including inspection, design, and testing. ACI qualifies individuals for the positions
based on certain requirements (Table 3).

ACI certification programs are offered regularly in the United States, but the exact number of times the
certifications are offered per year can vary depending on the program and the location. The certifications
exams are usually held at testing centers, colleges and universities, or other locations that are equipped
to administer the exams.
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The certification training is typically taught by a variety of instructors, including industry professionals,
educators, and certified ACl instructors.

e Industry professionals: These instructors are experienced and knowledgeable in the field of
concrete construction and have a thorough understanding of the industry standards and best
practices. They may have a background in engineering, construction, or quality control and bring
real-world experience to the classroom.

e Educators: These instructors are typically affiliated with vocational schools, community colleges,
or universities and have a background in teaching and education. They may also have experience
and knowledge in the field of concrete construction.

e ACI certified instructors: These instructors have been certified by ACl to teach the courses. They
are experts in their field and have passed an evaluation process to ensure they meet the ACl’s
standards for instructor qualifications.
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Requirements to

be Eligible

Table 3. ACI Certification Requirements by Individual Position

Transportation
Inspector

Flatwork
Technician-
Finisher

Field Testing
Technician

Concrete Strength
Testing Technician

Laboratory Testing
Technician

Education

Experience

Exam

Continuing
Education

Must have a high
school diploma or
equivalent

Typically requires
at least 3 years of
experience in the
field of
transportation
inspection

Must pass an exam
to become
certified. The exam
typically covers
topics such as
concrete materials,
mix design,
transportation and
placement of
concrete, and
quality control.

Must maintain
their certification
by meeting
continuing
education
requirement

Must have a high
school diploma or
equivalent. In
addition, some
cases may require
the candidate to
have a certain
amount of
experience or
education in the
field of concrete
finishing.

Depends on the
certification level.
Level | certification
requires at least
one year of
experience, while
Level Il or Ill
certification
requires more
experience

Must pass an exam
to become
certified. The exam
typically covers
topics such as
concrete materials,
mix design,
flatwork finishing
techniques, and
quality control

Must maintain
their certification
by meeting
continuing
education
requirement
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Must have a high
school diploma or
equivalent and
must complete a
certain amount of
training in field
testing of
concrete. Training
can be through a
variety of sources,
including
vocational schools,
community
colleges, or on-
the-job training
programs

Typically requires
at least 1 year of
experience in
concrete field
testing

Must pass an exam
to become
certified. The exam
typically covers
topics such as
concrete materials,
mix design, field
testing methods
and procedures,
and quality
control.

Must maintain
their certification
by meeting
continuing
education
requirement

Must have a high
school diploma or
equivalent and
must complete a
certain amount of
training in
concrete strength
testing. Training
can be through a
variety of sources,
including
vocational schools,
community
colleges, or on-
the-job training
programs

Typically requires
at least 1 year of
experience in
concrete strength
testing

Must pass an exam
to become
certified. The exam
typically covers
topics such as
concrete materials,
mix design, testing
methods and
procedures, and
quality control.

Must maintain
their certification
by meeting
continuing
education
requirement

Must have a high
school diploma or
equivalent and
must complete a
certain amount of
training in
laboratory testing
of concrete.
Training can be
through a variety
of sources,
including
vocational schools,
community
colleges, or on-
the-job training
programs

Typically requires
at least 1 year of
experience in
concrete
laboratory testing.
Grade | requires at
least 1 year
experience and
Grade Il requires
additional years of
experience

Must pass an exam
to become
certified. The exam
typically covers
topics such as
concrete materials,
mix design,
laboratory testing
methods and
procedures, and
quality control.

Must maintain
their certification
by meeting
continuing
education
requirement



The ACI also provides instructor guides and materials to support the preparation and delivery of their
certification courses. All the instructors, whether they are industry professionals, educators, or certified
ACl instructors, must follow the guidelines, standards and materials provided by the ACI to make sure
the training is consistent and conforms to the ACI’s quality standards.

In summary, the ACI certification program is a way to verify the knowledge and skills of those individuals
who may work in various specific capacities related to airport quality control. The certifications rely on
detailed training as part of the process, but this training is not specific to P-501 or UFGS 32 13 14.13. As
such, these programs are not considered a primary source for developing the type of training envisioned
as a deliverable for this contract.

2.3.2. National Ready Mixed Concrete Association (NRMCA) Plant Manager Certification
Training Course (NRMCA 2023a)

This NRMCA course is a comprehensive training program designed to provide individuals with the
knowledge and skills needed to manage and operate a ready-mixed concrete plant. Upon successful
testing after completion of the course, participants will receive a certificate of completion (a
certification) from the NRMCA. The course covers a wide range of topics, including:

e Plant safety and OSHA compliance.
e Environmental regulations.

e Concrete production and delivery.
e Quality control and testing.

e Plant maintenance and equipment.
e Plant management and leadership.

The NRMCA targets its Plant Manager Training course for individuals who are currently working in, or
aspiring to work in, management positions at commercial ready-mixed concrete plants. The course is
primarily designed to provide individuals with the knowledge and skills they need to effectively manage
and operate a stationary mixing plant, ensuring that the concrete produced meets industry standards
while also complying with all relevant regulations.

The course is taught by experienced industry professionals and usually is a combination of classroom
instruction and hands-on training. The three-day curriculum and the two certification exams on Day 4
are designed to reinforce specific knowledge and skills. The instruction incorporates many job
requirement skills found in specifications for local and state highway projects.

The course does not specifically focus on mobile central mixing plants that are commonly used on FAA or
military tri-services airport construction, although some principles taught in the course do apply
regardless of the plant type (stationary or mobile/central plant). The course does cover some topics
considered essential for quality control in concrete production.

2.3.3. National Ready Mixed Concrete Association (NRMCA) Plant Certification Program
(NRMCA 2023b)

This program is used to certify that ready-mixed concrete plants meet specific standards for production,
quality control, and safety determined by NRMCA. The program’s goal is to recognize and promote plants
that consistently produce high-quality concrete and operate in a safe and responsible manner.
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The certification process involves an on-site evaluation by a trained professional engineer, who will
assess the plant’s compliance with the program’s standards (plant checklist). The licensed engineer
conducting an inspection and executing the checklist may be an employee of the company owning the
plant. The standards in the checklist cover a wide range of factors, including:

e Plant component condition.

e Accuracy checks of measuring devices (scales, water meters, admixture dispensers and moisture
probes).

e Plant operability.

e Plant safety devices.

The professional engineers that are approved to perform the plant inspections are self-taught using
NRMCA'’s Plant Inspectors Guide. This guide provides detailed descriptions, images and numerical
examples for each check list item. The intent is to ensure uniformity of inspection. The Plant Inspectors
Guide includes review questions. A minimum score of 80% is required on these questions for an
engineer to be approved by NRMCA as a plant inspector.

The certification program is open to all ready-mixed concrete plants, regardless of size or location. To
maintain the certification, plants must undergo regular re-inspections and must continue to meet the
program’s standards. In addition to meeting the checklist requirements, a plant owner’s representative
must also 1) attest that the equipment will be maintained within the checklist requirements, and 2) will
promptly correct any deficiencies for the duration of the certification. A plant certification lasts for two
years.

While UFGS 32 13 14.13 currently requires NRMCA Plant Certification for DOD projects, it is not
considered a primary resource for developing the training envisioned under this contract.

2.3.4. ACPA Central Plant Certification Checklist

The ACPA Central Plant Checklist is a tool to evaluate the quality and performance of mobile, central
mixed concrete plants that produce concrete for paving projects. It was developed in response to a need
identified by DOD paving contractors who reported that the NRMCA plant certification was not
applicable for mobile plant technology. ACPA has not fully implemented the mobile plant checklist but
has implemented it in several trial cases. The checklist itself is considered ready, but the certification
management process still needs to be developed.

The checklist is a comprehensive evaluation system covering:

e Provisions and procedures for storing materials.

e Provisions and procedures for handling materials.
e Batch plant components.

e Measurement tolerance requirements/verification.
e Control systems.

e Data recording and record keeping systems.

The checklist is designed to be used on-site by trained and certified professionals, like the NRMCA
program. NRMCA certified inspectors could easily implement the central plant checklist when visiting a
plant to assess its compliance with the checklist’s standards. It is important to note that the ACPA Central
Plant Checklist is different from the NRMCA Plant Certification program, as it is specific to the concrete
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pavement industry, and it covers different standards and aspects. It is not considered a primary source
for developing the training envisioned under this contract but may be offered as an improved alternative
to the required NRMCA checklist applicable to stationary-plant certification.
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APPENDIX B - SMArT Interview Questions

Targeted Questions for SMaRT Panel on Quality Assurance (QA)
and Quality Control (QC) Processes

For the purposes of these interviews, the following definitions (from FAA) will be used.

Quality Assurance (QA) — Owner’s responsibility to assure that construction work completed
complies with specifications for payment.

Quality Control (QC) — Contractor’s responsibility to control material(s) and construction
processes to complete construction in accordance with project specifications.

Contractor quality control program (CQCP) — Details the methods and procedures that will be
taken to assure that all materials and completed construction required by the contract conform
to contract plans, technical specifications, and other requirements, whether manufactured by
the Contractor or procured from subcontractors or vendors.

Acceptance — The process whereby all factors used by the agency (i.e., sampling, testing, and
inspection) are evaluated to determine the degree of compliance with contract requirements to
determine the corresponding value for a given product (from TRB Glossary of Transportation
Quality Assurance Terms, 7t edition)

Quality Assurance

This set of questions will be asked of owners and engineers, plus other stakeholders not currently
working for owners/engineering firms but with experience in QA.

1.

With respect to FAA’s Item P-501 specification and Item C-100, do contractors have clear
guidance on the quality factors to which they are being held? If not, which provisions in the
specification are unclear? Please indicate which areas of QA you have found are most prone to
subjective interpretation? Can you give examples?

With respect to UFGS 32 13 14.13 specifications, do contractors have clear guidance on the
quality factors to which they are being held? If not, which provisions in the specifications are
unclear? Please indicate which areas of QA you have found are most prone to subjective
interpretation? Can you give examples?

Have you encountered issues related to QA that stemmed from interpretation of the
specifications and/or inconsistencies in the way requirements were implemented on a
project(s)? Can you give examples or offer suggestions on such areas to resolve? How should
agencies approach specification provisions that could be considered subjective?

Do owner/agencies have QA training programs for their employees? Do consulting engineers and
testing firms have QA training programs for their employees? If so, can you provide some
details? Do you hold general training sessions, project-specific training sessions, or both? Are
other types of training offered or encouraged? What approaches, resources, or training may be
needed to support improved QA?

Understanding how QA is executed right now, are there any gaps or issues in the process and
areas with opportunities for improvement that we have not covered in other questions.

As an owner/engineer what is your perspective of QC? What provisions of the QC systems
(FAA/UFGS) could be improved to help ensure successful projects?
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Quality Control

This set of questions will be asked of contractors plus other stakeholders not currently working for
contractors, but with experience in QC.

1.

10.

With respect to FAA’s Item P-501 specification and Item C-100, do contractors have clear
guidance on the quality factors to which they are being held? If not, which provisions in the
specification are unclear? Please indicate which areas of QC you have found are most prone to
subjective interpretation? Can you give examples?

With respect to UFGS 32 13 14.13 and 01 45 00.10 specifications, do contractors have clear
guidance on the quality factors to which they are being held? If not, which provisions in the
specifications are unclear? Please indicate which areas of QC you have found are most prone to
subjective interpretation? Can you give examples?

Does item C-100 or UFGS 01 45 00.10, effectively detail what is needed from the contractor for
quality control plans? Are contractors currently and effectively planning how they will use QC
tests to determine the need for corrective action and applying self-imposed rules to gauge when
their process is out of control and what will be done to regain control? What improvements in C-
100 or UFGS 014500.10 could improve contractor QC plan development (and execution during a
project) to support QC processes that result in specification compliance?

Have you encountered issues related to materials procurement (availability, delays, acceptance,
change in materials, issues with design vs. procured materials) that were difficult to resolve
during a project based on the interpretation (and/or differences in interpretation) of the
specifications by parties involved? Can you give examples or offer suggestions on such areas to
resolve?

Have you encountered issues related to QC that stemmed from interpretation of the
specifications and/or inconsistencies in the way requirements were implemented on a
project(s)? Can you give examples or offer suggestions on such areas to resolve?

Do contractor personnel typically have the tools and resources necessary to evaluate means,
methods, test results, and other information to support actions that improve process control? If
no, what types of things limit their ability? If yes, can you give examples of quality system
components supporting this success?

What testing methods could be adopted to provide timely feedback to QC personnel to support
decisions and actions for effective process control? Do you believe control charts are an effective
way to provide feedback to support process control?

Does your company have a QC training program for its employees? Do third party testing
laboratories you use have a QC training program? If so, can you provide some details? Do you
hold general training sessions, project-specific training sessions, or both? Are other types of
training offered or encouraged? What approaches, resources, or training may be needed to
support improved contractor QC?

Understanding how QC is executed right now, are there any gaps or issues in the process and
areas with opportunities for improvement that we have not covered in other questions.

As a contractor, what is your perspective of QA? What provisions of the QA systems (FAA/UFGS)
could be improved to help ensure successful projects?
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