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Introduction

Agencies rely on quality assurance
(QA) programs to provide confidence
in project performance and to
demonstrate compliance with
specifications and contract documents.
A key component of agency QA is
contractor quality control (QC). Along
with several elements required as part
of 23 C.ER. § 637, QA and QC form
the foundation of effective highway
construction quality management.

Recently, as part of a cooperative
agreement between the Federal
Highway Administration (FHWA)
and the National Concrete Pavement
Technology Center (CP Tech Center),
new guidance and tools have been
developed to support agencies and their
industry partners in implementing
effective quality management at the
program and project levels. The key
deliverable prepared as part of this
effort was a best practices guide,
Quality Control for Concrete Paving: A
1ool for Agency and Industry (Cavalline
et al. 2021). This guide aims to help
contractors and materials suppliers
improve or enhance their existing QC
programs and plans by incorporating
the appropriate provisions into their
operations. It also aims to help agencies
support the implementation and
enhancement of their QA programs
and practices, enabling them to adapt
to changes in concrete mixtures and
materials and utilize available agency
resources and technologies to support
quality management activities.

To supplement the best practices
guide, a series of four technical briefs
was produced. Each of these technical
briefs provides a concise summary of

key information on a critical topic and
refers the reader to the relevant content
in the guide for additional material.
This MAP Brief summarizes the four
technical briefs to help agencies and
other stakeholders select the most
appropriate resources to enhance

their personnel’s knowledge and

understanding of QA and QC.

For additional best practices and model
QC plans, readers are referred to
Quality Control for Concrete Paving: A
1ool for Agency and Industry (Cavalline
et al. 2021), Integrated Materials and
Construction Practices for Concrete
LPavements: A State-of-the-Practice
Manual (Taylor et al. 2019), and Field
Reference Manual for Quality Concrete
LPavements (Fick et al. 2012).

Technical Brief 1: Quality
Assurance, Quality Control,
and Quality Control Plans in
Practice for Concrete Paving
(Cavalline et al. 2024a)

Quality Assurance, Quality Control,
and Quality Control Plans in Practice
for Concrete Paving (Cavalline et al.
2024a) outlines the roles that agency
QA programs, contractor QC, and
project-specific QC plans play in
delivering durable, high-performing
concrete pavements. While QA
provides agencies with confidence in
the performance and compliance of a
given product, QC and QC plans help
contractors manage processes, reduce
risks, and improve outcomes. Together,
these elements form the foundation

of effective quality management for
highway construction.
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Federal regulation 23 C.ER. § 637 requires state highway
agencies to have a QA program that includes six core
elements: contractor QC, agency acceptance, personnel
qualification/certification, laboratory qualification,
independent assurance, and dispute resolution (Dvorak
2019). These core elements are shown in Figure 1.

QA refers to all planned and systematic actions necessary to
provide confidence that a product or facility will perform
satisfactorily in service. In highway construction, agencies
are primarily responsible for accepting work, monitoring
contractor QC, and determining payment based on the
quality of the final product. Effective QA programs reduce
life-cycle costs and ensure that facilities will perform as
intended. Success depends on collaboration among agencies,
contractors, and suppliers.

QC is the process specified by an agency for contractors

to monitor, assess, and adjust production or placement
processes to ensure that the final product meets
specifications. QC includes sampling, testing, inspection,
and corrective action. A robust QC plan helps ensure
compliance, reduces rework, improves profitability, and
strengthens the contractor’s reputation. In addition to QC,
contractors should perform process control activities to help
maintain each process within the desired performance limits
and minimize process variation. Process control activities
may include sampling, testing, inspection, and corrective
actions performed by the contractor in addition to the QC
requirements. These activities improve the likelihood that
the final product will meet the specified level of quality.

Agency
acceptance

Technician
qualification

Dispute
resolution

0A
program

Laboratory
accreditation/
qualification

Independent
assurance

Contractor
(1]

QA and QC provide benefits for agencies, industry, and the
public. Benefits for agencies include improved pavement
quality, reduced costs, fewer disputes, a more positive
working environment, and a better public image (Figure 2).

Effective contractor QC requires the establishment of and
adherence to (1) organizational-level QC programs and (2)
project-level QC plans.

Organizational-level QC programs are continuous,
company-wide practices, leadership roles, training programs,
and standardized procedures that support long-term quality
improvement. These programs provide long-term support
for quality across all projects through training, certification,
equipment monitoring, communication, and the
implementation of standardized best practices, all of which
support activities such as materials testing, communication,
and documentation/recordkeeping. A culture of quality
should be fostered throughout the organization.

Project-level QC plans are documents outlining specific
personnel, processes, testing programs, and corrective
actions for each project. At the project level, the QC plan

is the central tool for ensuring compliance with agency
requirements. FHWA defines a QC plan as a project-specific
document prepared by the contractor that identifies the QC
personnel and procedures used to maintain control over
production and placement processes.

Although establishing QC programs and plans requires an
investment of time and resources by the contractor, the
benefits of QC are numerous. They include reduced rework,
increased profitability, higher pay factors, improved safety,
and a stronger reputation for the contractor. Agencies also
benefit when validated QC data can be used in acceptance
decisions because doing so reduces risks for both parties.

Improved
quality

Improved Reduced costs
working Y for agency and

atmosphere competitive
Safe and advantage for

long-lasting contractor

concrete

ments

Improved
public image

Fewer quality
disputes

Adapted from an image provided by Dennis Dvorak, FHWA, used with permission

Figure 1. Core elements of a QA program

Adapted from Fick et al. 2012
Figure 2. Benefits of improved quality for transportation facilities
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Industry case studies have demonstrated that QC investments
yield benefits through reduced failures, lower insurance costs,
and safer, more productive workplaces (Cavalline et al. 2021).

Continuous Improvement in QC

In broader terms, QC encompasses the personnel,
equipment, practices, and processes required to control
the quality of the product(s) being produced and the
work being performed, as well as the implementation

of improvements to practices and processes. “What gets
measured gets managed” is a common adage in quality
management, and it follows that at the core of every QC
program is the monitoring of key quality characteristics
and a process for the continuous improvement of both
those characteristics and the QC process itself. Effective
QC does not rely upon the agency to notice quality issues
or defective work; instead, issues are identified by the
contractor through process control and self-inspection so
that adjustments and corrections can be made prior to the
agency’s acceptance activities.

Quality management has its roots in the QC advancements
made in the manufacturing sector throughout the 20th
century, many of which have been applied to construction
quality management. At the heart of QC is the contractor’s
desire to strive for continuous improvement. The Deming
cycle, also known as the plan-do-check-act cycle (Figure 3),
was developed nearly a century ago, but its premise remains
highly relevant when applied to continuous improvement in
construction processes (Deming 1994). Contractors should
establish clear goals, implement effective procedures, regularly
monitor data, and take prompt corrective actions. This
iterative process supports quality improvement across projects.

1. PLAN
Identify problems
Define desired outcomes
Identify potential solutions
Develop policies and procedures

4. ACT
* |dentify lessons learned
¢ Implement the most promising

* Monitor and analyze data
e Study the results
corrective and preventative actions * Draw conclusions

Project-Level QC Plans
An effective QC plan should not be a copied boilerplate

document but rather should be tailored to meet the needs

of the project in terms of its scope, risks, and agency
requirements. A well-structured plan offers owners confidence
in the contractor’s ability to meet specifications while helping
the contractor avoid costly rework, delays, and reputational
damage. Key elements of a QC plan should include the
following (Taylor et al. 2019, Cavalline et al. 2021):

* Project roles, responsibilities, and communication protocols
* Personnel qualifications and certifications

* Documentation of materials and specifications

* Testing program (methods, frequency, limits)

* Monitoring activities and data evaluation procedures

* Corrective actions and authority for process adjustments

* Documentation, recordkeeping, and archiving practices
Summary

QA and QC jointly ensure that concrete paving projects
deliver long-lasting, cost-effective infrastructure. QC
programs at both the organizational and project levels are
critical for contractors to reduce risk, improve profitability,
and support agency acceptance. Effective QC plans provide
clear guidance, support continuous improvement, and foster
collaboration among contractors, agencies, and suppliers.

2.D0
Test potential solutions
Create process structure
Establish systems
Conduct training
Measure quality characteristics
Collect data

3. CHECK

CP Tech Center
Figure 3. Plan-do-check-act cycle



NC? MAP Brief Fall 2025

Technical Brief 2: Quality Control for Concrete
Paving with Performance-Engineered
Mixtures (PEM) (Cavalline et al. 2024b)

Concrete pavement specifications have historically been
prescriptive, with provisions that have controlled the
materials and proportions used in a concrete mixture.

For example, many agency specifications mandated (or
continue to mandate) minimum cement contents or
maximum water-to-cementitious materials ratios. Although
prescriptive provisions often ensure a baseline of quality, they
also limit innovation and shift risk to the agency. In some
cases, pavements meeting prescriptive specifications still
experienced premature failures.

Over the past century, and particularly in recent decades,
the concrete paving industry has undergone a dramatic
evolution. The chemical compositions and physical
characteristics of portland cement and fly ash have changed,
as have the types and availability of supplementary
cementitious materials (SCMs). Chemical admixtures

are commonplace, and their use, both alone and in
combination, needs to be understood through trial batching
and project-level process control. Once constructed and

in service, pavements have become more vulnerable to
distress due to climate change and harsher freeze-thaw
cycles. Traditional tests—such as slump, strength, and air
content—do little to predict long-term performance under
these conditions. New tests included in the Performance
Engineered Mixtures (PEM) program enable engineers to
anticipate durability outcomes, support sustainability, and
more effectively allocate responsibility between contractors
and agencies. The cornerstone of this initiative is AASHTO
R 101, Standard Practice for Developing Performance
Engineered Concrete Pavement Mixtures.

Quality Control for Concrete Paving with Performance-
Engineered Mixtures (PEM) (Cavalline et al. 2024b) presents
guidance for implementing QC in concrete paving projects
designed and constructed based on PEM principles. It
emphasizes how QC promotes long-lasting infrastructure
and how PEM allows industry professionals to move beyond
prescriptive specifications toward performance-based
outcomes. While traditional QC focuses on slump, strength,
and air content, PEM provides tools and methods more
directly tied to durability and service life. Together, PEM
and robust QC form the foundation for cost-effective,
reliable pavements (Cackler et al. 2017a).

Advantages of PEM

PEM shifts the focus from prescriptive requirements to
performance objectives. Agencies set the desired outcomes—

durability, workability, resistance to shrinkage or chloride
penetration—while contractors and suppliers use their
expertise to design mixtures that achieve these outcomes.
This approach promotes innovation, reduces agency risk,
and delivers economic benefits. Life-cycle costs are lower,
as pavements are designed to last longer under real-world
conditions. By pairing PEM technologies with robust QC,
variability in materials and construction can be minimized,
extending service life. Ultimately, PEM enables shared
responsibility; contractors gain flexibility but also assume
greater QC obligations, while agencies gain assurance of
long-term performance (Cackler et al. 2017b).

PEM Properties and Associated Tests

Table 1 summarizes the six key PEM properties and the
test methods associated with each. These properties provide
a scalable framework for agencies and their partners to
implement PEM approaches. Engineers may choose which
properties and tests to apply based on a given project’s
scope and environment. While some PEM tests are helpful
to agencies for acceptance purposes, other tests are more
appropriate for use during the mixture design phase or in
contractor QC or process control. The CP Tech Center’s
website features a page dedicated to the PEM initiative,
which provides information on test methods, performance
targets, specification approaches, pilot projects, and other
resources (CP Tech Center n.d.).

Selecting Quality Characteristics

QC relies on identifying characteristics that can be
measured early (and rapidly) enough to guide adjustments
during construction. Many acceptance properties, such as
strength, are only verifiable days after placement, so instead
QC emphasizes real-time measures, such as air content,
temperature, or gradation, that can serve as proxies for and
provide insights into the characteristics ultimately used

for acceptance. For each quality characteristic used in a
QC plan, identifying the appropriate sampling frequency
is critical; if sampling is too infrequent, issues cannot

be corrected in a timely manner. A general approach to
developing QC procedures and requirements is shown in
Figure 4.

Ultimately, the quality characteristics used by a contractor
can change over time. The act of measurement itself drives
improvement, in that attention to one parameter often
elevates performance across others.


https://www.intrans.iastate.edu/wp-content/uploads/2025/04/QC-TB2-QC-for-Concrete-Paving-with-PEM.pdf
https://www.intrans.iastate.edu/wp-content/uploads/2025/04/QC-TB2-QC-for-Concrete-Paving-with-PEM.pdf
https://www.cptechcenter.org/performance-engineered-mixtures-pem/
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Table 1. PEM properties and test methods

Concrete Property

Test Methods

Concrete strength

AASHTO T 97, Standard Method of Test for Flexural Strength of Concrete (Using Simple Beam with Third-Point Loading)
AASHTO T 22, Standard Method of Test for Compressive Strength of Cylindrical Concrete Specimens

Susceptibility to warping and
cracking due to shrinkage

AASHTO T 160, Standard Method of Test for Length Change of Hardened Hydraulic Cement Mortar and Concrete
AASHTO T 334, Standard Method of Test for Estimating the Cracking Tendency of Concrete

Freeze-thaw durability

AASHTO T 152, Standard Method of Test for Air Content of Freshly Mixed Concrete by the Pressure Method
AASHTO T 196M/T 196, Standard Method of Test for Air Content of Freshly Mixed Concrete by the Volumetric Method

AASHTO T 395, Standard Method of Test for Characterization of the Air-Void System of Freshly Mixed Concrete by the
Sequential Pressure Method

AASHTO M 224, Standard Specification for Use of Protective Sealers for Portland Cement Concrete

AASHTO T 365, Standard Method of Test for Quantifying Calcium Oxychloride Formation Potential of Cementitious
Pastes Exposed to Deicing Salts

ASTM C1585, Standard Test Method for Rate of Absorption of Water by Hydraulic-Cement Concretes

Transport properties

AASHTO TP 119, Standard Method of Test for Electrical Resistivity of a Concrete Cylinder Tested in a Uniaxial
Resistance Test

AASHTO T 358, Standard Method of Test for Surface Resistivity Indication of Concrete’s Ability to Resist Chloride
lon Penetration

Aggregate stability

ASTM C1646, Standard Practice for Making and Curing Test Specimens for Evaluating Resistance of Coarse Aggregate
to Freezing and Thawing in Air-Entrained Concrete

AASHTO T 161, Standard Method of Test for Resistance of Concrete to Rapid Freezing and Thawing

AASHTO R 80, Standard Practice for Determining the Reactivity of Concrete Aggregates and Selecting Appropriate
Measures for Preventing Deleterious Expansion in New Concrete Construction

Workability

AASHTO T 403 Standard Method of Test for Vibrating Kelly Ball (VKelly) Penetration in Fresh Portland Cement Concrete
AASHTO T 396, Box Test in Slip Form Paving of Gresh Portland Cement Concrete

Develop QC procedures and requirements

The development and implementation of a project-specific QC

QC Plans for PEM

I

Establish QC requirements
(e.g., QC plan, technician
qualification, control charts)

QC procedures and
requirements completed

plan is critical to the success of a concrete pavement project.
As noted above, a robust QC plan documents responsibilities,
materials, processes, and corrective actions in sufficient detail
to guide the work. Key elements include the organizational
structure of the contractor, personnel qualifications, training
requirements, equipment calibration protocols, and references
to relevant standards. QC plans should also anticipate
variable weather, define corrective actions, and designate
responsible individuals for each step. QC plans should include
information to support control of a project over four stages:
mixture design (prequalification), field verification, ongoing
production, and acceptance (Figure 5).

|

Determine quality
characteristics to measure

For each QC quality
characteristic:

Obtain sufficient valid data

Determine sampling and testing
procedures and test frequency

Decide whether to use
characteristic for QC, consider for
acceptance testing, or eliminate

— Mixture design (prequalification)

| Mixture verification (field setup)

Recreated from FHWA 2003

Figure 4. Quality control flowchart

Mixture production and construction QC

—  Mixture and construction acceptance

CPTech Center

Figure 5. Four stages of QC that should be included in a QC plan for
concrete pavement projects
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QC in Practice: Mixture Design to Field Setup

QC begins with the selection of reliable material sources
and prequalification to avoid distress mechanisms such as
alkali-silica reactivity. Trial mixtures should replicate project
conditions using actual materials to evaluate properties like
slump loss at high temperatures or admixture compatibility.
At the field setup stage, these trials are repeated at the
production plant, ensuring that the mixture performs as
intended under site-specific conditions. Adjustments to
aggregate gradation, paste content, and admixture dosages
may be required to balance workability and durability.

During production, the contractor’s QC plan governs
sampling intervals, replicate testing, and data reporting.
Random sampling ensures representativeness, while biased
sampling (e.g., sampling of the first load each day) helps
identify early trends. Daily monitoring includes both
checklists and quantitative tests. For example, Super Air
Meter (SAM) readings may prompt admixture adjustments,
while resistivity tests may confirm transport properties.
Equipment calibration and personnel certification are also
critical to ensure that testing produces accurate results.

Contractors should track results in tables or control charts
(described in a subsequent section of this MAP brief),
allowing for real-time decision-making and quick corrective
actions. Regular monitoring enables timely corrections and
supports agency acceptance.

Chapter 5 of Quality Control for Concrete Paving: A Tool

for Agency and Industry (Cavalline et al. 2021) provides a
step-by-step description of QC and process control activities
recommended for concrete pavement projects. Detailed
descriptions of the key inspection items, QC measurements,
and process control activities to be performed throughout

a project are provided, along with checklists to support
effective implementation. The reader is referred to the guide
for this information, but a few examples are provided here to
illustrate the content contained in the guide.

Table 2 provides an example of a summary table illustrating
QC and process control activities that support the effective

Table 2. Example summary table for aggregate stockpile QC

maintenance of aggregate stockpiles. Cavalline et al. (2021)
provides similar tables that summarize key inspection items,
QC measurements, and checklists for various activities
performed during concrete pavement projects.

Cavalline et al. (2021) also includes example sampling and
testing tables that can be used to guide the development
of sampling and testing plans included in QC plans, as
shown in Table 3. The guide provides two types of example

sampling and testing plans for contractors:

* Prequalification Laboratory Testing: Evaluates
gradation, workability, slump loss, SAM values, strength
development, maturity calibration, resistivity, absorption,
and thermal expansion. These tests confirm compatibility

and provide baselines for field QC.

* Production Monitoring: Specifies lot sizes, sublots,
frequencies, and methods for sampling aggregates, fresh
concrete (air, SAM, Vibrating Kelly Ball [VKelly], unit
weight, water content), hardened concrete (strength,
resistivity), and in-place pavement properties (thickness,
maturity, dowel alignment). Control charts support

process adjustments and are discussed subsequently in this
MARP brief.

Acceptance Testing for PEM

Also provided in Cavalline et al. (2021) is an example
sampling and testing table for the acceptance of concrete
mixtures, including PEM tests. Acceptance remains the
agency’s responsibility, though data from contractor QC
may be incorporated. In some states, a reduction in agency
resources is driving the need to use QC data to partially
support the acceptance decision. This reliance on QC data
highlights the importance of accurate and transparent

QC programs. Agency acceptance ultimately determines
payment and project closeout, making cooperation and
integrity in data collection and reporting essential.

Key inspection items—Aggregate stockpiles

0C measurements—Aggregate stockpiles

¢ Visually inspect the stockpile for segregation.

* Watch for rutting and pumping at the edges of the stockpile, which
suggests that mud balls may be a concern.

¢ Sieve analysis—Performed during stockpiling; out-of-tolerance
aggregates should be rejected

¢ Aggregate moisture content

Checklist—Aggregate stockpiles

» \lerify that stockpile foundations have been stabilized.
¢ Verify that aggregate sources match the approved mixture design.
o \lerify that aggregate gradation is within action limits.

Source: Fick et al. 2012, Cavalline et al. 2021


https://www.cptechcenter.org/wp-content/uploads/2021/12/QC_for_concrete_paving.pdf
https://www.cptechcenter.org/wp-content/uploads/2021/12/QC_for_concrete_paving.pdf
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Table 3. Example QC sampling and testing table

Material Test/Test method Lot size s':llgi(:)t’s Testing frequency SI::IaI;::)nng S:;l&l;:g Report type
Coarse Tabular and

intermediate' 1 per sublot and/or Random, graphical:

L Gradation: ASTM C136 5,000 yd? 5 L Stockpile per agency percent

and fine minimum 1 per day e .
aggregates specification retained,
Tarantula curve
First 3 loads per
Plant, grade, .

Air content: ASTM C231 5,000 yd? 5 day and for 3loads | ° |} oy | Biased, start | Tabular and
whenever admixture of day control chart
dosages are adjusted paver

Fresh concrete
. First 3 loads per
SAM: AASHTO T 395
) day and for 3 loads Biased, start Tabular and
vCKelt/. AA|SHTO T 403 or Box Test N/A 5 whenever admixture Plant of day control chart

(Cook et al. 2014) dosages are adjusted

Temperature: ASTM C1064

Air content: ASTM C231 Random, Tabul

Fresh caut"cr:;: Air void system: AASHTO T 152 5,000 yd? 5 1 per sublot Grade per agency c:r?tl:oirc?:;?‘t
’ Unit weight: ASTM C138 specification
Water content: AASHTO T 318
Hardened Compressive strength: ASTM C39 ) 1setof 3 rep_li_cates per Random, Tabular and
concrete Resistivity: AASHTO T 358 5,000 yd 5 lot and/o_r minimum set Plant per agency control chart
: of 3replicates per day specification

Thlck_n_ess_ probe: per agency 5,000 yd? 5 1 per sublot Grade Random Tabular and

specification control chart

Maturity: ASTM C1074 5,000 yd? 5 1 per sublot Grade Random Tabular and

Concrete control chart
pavement Thickness: ASTM C174 Pavement Tabular and
2
Thickness: MIT SCAN-T3 5,000 yd 5 1 per sublot cores Random control chart
Dowels: MIT-DOWEL-SCAN N/A N/A All dowelled joints | A1 ?;‘:]"ti”ed N/A N/A

Source: Fick et al. 2012

Technical Brief 3: Quality Control
Fundamentals and Tools for Concrete Paving
(Cavalline et al. 2024c)

Quality Control Fundamentals and Tools for Concrete

Paving (Cavalline et al. 2024c) provides an overview of

the fundamentals of QC for concrete paving, describing
practical QC tools that can be applied to both conventional
mixtures and those developed according to PEM principles.
The technical brief primarily synthesizes material contained
in Chapter 6 of Quality Control for Concrete Paving: A

Tool for Agency and Industry (Cavalline et al. 2021). This
information emphasizes QC as a proactive system that

not only ensures compliance with specifications but also
reduces risk, improves profitability, and drives continuous
improvement in construction practices.

QC tools help capture, process, and analyze both qualitative
and quantitative data. Qualitative tools, such as flowcharts,

are invaluable for planning, training, and troubleshooting.
Quantitative tools, including run and control charts, support
the statistical evaluation of trends and process stability.

With modern technology, such as cloud-based management
software, sensors, and mobile devices, contractors can now
collect and integrate more data than ever, allowing for real-
time analysis and decision-making.

Flowcharts and Process Diagrams

Flowcharts graphically depict the flow of materials or
information through processes, making them useful

for planning, communication, and training. They also

aid troubleshooting by clarifying interrelationships. For
example, Figure 6 shows the process for trial batching

and testing with the Box test, a PEM workability test.
Flowcharts are dynamic, evolving as processes change, and
can incorporate QC targets and measurement requirements
to further support process control and improvement.


https://www.intrans.iastate.edu/wp-content/uploads/2025/04/QC-TB3-QC-Tools-for-Concrete-Paving.pdf
https://www.intrans.iastate.edu/wp-content/uploads/2025/04/QC-TB3-QC-Tools-for-Concrete-Paving.pdf
https://www.cptechcenter.org/wp-content/uploads/2021/12/QC_for_concrete_paving.pdf
https://www.cptechcenter.org/wp-content/uploads/2021/12/QC_for_concrete_paving.pdf
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Design mixture

I

Perform slump, unit weight, air, and Box Test

’

NO Did it pass the Box Test? \ YES

\ 4

Conduct air test if water
reducer was added to
pass the Box Test

Add water reducer and remix

y \ 4
Perform slump, unit weight,
and Box Test

Make cylinders

Cook et al. 2013
Figure 6. Flowchart showing the process for preparing and testing trial batches of concrete using the Box test

Check Sheets and Data Forms

Check sheets (or data sheets) are foundational QC tools sheets integrated into cloud-based systems, which enable
that ensure consistent data collection for inspections, immediate analysis and sharing across teams. E-ticketing
materials tracking, and testing. Both Cavalline et al. (2024c) systems are an important innovation in this regard.

and Cavalline et al. (2021) provide examples of check Replacing paper tickets that have historically traveled with
sheets and data forms that are useful in concrete pavement materials, e-tickets provide real-time tracking of deliveries,
projects. Figure 7 illustrates one example: an aggregate base direct links to batch plant software, and alerts about mixture
inspection checklist. changes or transport issues. They improve safety by reducing

physical exchanges in active construction zones and can be
integrated with agencies’ materials management systems for

maximum efficiency (FHWA n.d., Mulder 2019).

Check sheets have historically been paper based, and
manually transferring their hand-written information
into databases often led to the risk of data entry error
or loss. Increasingly, contractors are using digital check
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Performance Paving Company Project: Interstate 42, Havelock, NC
Quality Control Plan Prepared by: | Q.C. Smith
Inspection Checklist Checked by: | P.M. Jones
19.31.3b Date: | 5/27/2020
Section Aggregate Base Course
Area Inspected Description:
Item No. Description Yes/No Notes
19.31.3b.a Approved material source used Y Carolina Aggregates ABC,
meets Sect 1006 and 1010
19.31.3b.b Temperature >40°F Y 73°F and rising, rain 3 days ago
19.31.3b.c Equipment inspected Y
19.31.3b.d Material inspected and free of defects Y
such as organic matter, clay lumps, and
other undesirable substances
19.31.3b.e Maximum aggregate size requirement Y Max size 2 in. confirmed
met
19.31.3b.f Base material suitable (no soft spots, Y Proofrolled afternoon of 5/26
debris)
19.31.3b.g Layer thickness verified per drawings Y Min 3 in. lift, not to exceed 6 in.
19.31.3b.h Nuclear gages calibrated Y On file
19.31.3b.i Testing and sampling frequency Y Grade <1/2 in. measured
confirmed per QC plan every 50 ft, 95% maximum
density at £2% of moisture
content to achieve optimum,
sampling at random test site
locations per NCDOT
Nuclear Density Testing
Manual
Signature Date
QC Inspector
Foreman
Agency Inspector

CPTech Center
Figure 7. Check sheet for inspection of aggregate base course prior to paving
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Run Charts and Control Charts

Run charts, also known as time-series charts, plot
measurements over time to reveal trends or shifts. For
example, Figure 8 presents flexural strength test data from
multiple concrete samples. While run charts highlight
patterns, they cannot distinguish between variability caused
by natural causes (which is expected due to typical variability
in materials, methods, processes, and measurement)

and assignable causes of variability (which is caused by
issues that should be addressed). Nevertheless, they are a
straightforward tool for identifying early signs of problems
and guiding further investigation.

Control charts build on run charts by adding statistically
derived central lines and upper/lower control limits. This

575
565
555
545 °
535  °.
525 °

515
55|
495
485
475

Flexural strength (psi)
°

makes them powerful tools for statistical process control.
They help contractors determine whether a process is stable
and whether variability is within tolerances. If points fall
outside the control limits (often set at +36 from the mean),
this suggests assignable causes that must be addressed, such
as material inconsistencies or batching errors. Action limits
(typically set at +26 from the mean) provide early warnings
so that adjustments can be made before specifications are
exceeded. Figure 9 illustrates an example of a control chart
for compressive strength where the limits were statistically
calculated from 20 samples. Such charts confirm when a
process falls within the selected control limits and highlight
when interventions are necessary.

012345678 91011121314151617181920 21222324 252627282930

Sample ID or time

CPTech Center
Figure 8. Run chart for the flexural strength of a concrete mixture

5250 +30 upper control limit (UCL)
5150

= +20 upper action limit

_g_ 5050 |- —- - - - - - s e T

K

S, 4950 o ° ° °

S o ® ° °

= 4850 ° ° ° Central line

.2 4750 ° ® (process average)

g [

S 4650 o °

= ®

3 4550 -20 lower action limit
4450 -30 lower control limit (LCL)
4350

012345678 91011121314151617 18 1920 2122 23 24 25 26 27 28 29 30

Sample ID or time

CPTech Center

Figure 9. Control chart for concrete compressive strength, with central line and control limits established using statistical methods
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Instead of using statistical methods, some run charts use
specification-based limits. Figure 10 illustrates a case where
air content was targeted at 6.0% with tolerance limits of
+1.5%. Action limits set within those bounds (5.0% to
7.0%) were used to trigger admixture adjustments before the
mixture fell out of compliance. While less sophisticated, this
method aligns QC directly with agency specifications and is
often easier to implement in practice.

Cavalline et al. (2021) provides detailed information on the
development and use of control charts, including worked
examples for several quality characteristics. The guide also
includes recommendations on dual-metric charts, where
two related properties are plotted on the same chart,
offering deeper insights. Suggested useful pairings include
air content with SAM number, or compressive strength with
surface resistivity.

Reliable charts depend on sound, independent sampling
plans. Sampling plans must strike a balance between
frequency, safety, and practicality. Random sampling
ensures representativeness, and linking samples to pavement
locations provides traceability. As more data are collected,
averages and limits can be recalculated. As processes stabilize
and standard deviations narrow, the risk is reduced. If
materials or processes change, limits should be recalculated
to ensure that they are representative of the process.

Charts reveal assignable causes both when points fall
outside limits and when patterns emerge. Rules of thumb,
such as six consecutive increases or nine results above the
mean, help flag issues. Cavalline et al. (2021) provides
information on patterns that can emerge from control
charts and the potential drivers of these patterns. It also
provides information on corrective actions that can be
taken to address specific issues. Corrective actions should
be deliberate, ideally changing one variable at a time.
Short-term fixes may stabilize processes, but long-term
improvements should be prioritized. Supplementing control

chart data with records of materials, equipment, and weather
can provide context to support an understanding of the
trends observed on control charts.

Additionally, charts serve as communication tools. Posting
them in visible locations encourages all personnel to monitor
quality, thereby fostering a shared sense of accountability.
Charts also help secure buy-in from workers, suppliers, and
agency staff. Over time, trends can be used to set quality
goals, measure improvement initiatives, and justify process
changes. By making quality data transparent and actionable,
contractors can build a culture of continuous improvement.

Technical Brief 4: Agency Benefits to
Quality Control for Concrete Paving
(Cavalline et al. 2024d)

Agency Benefits to Quality Control for Concrete Paving
(Cavalline et al. 2024d) builds on earlier publications
(Cavalline et al. 2021, 2024a, 2024b, 2024c) and focuses
on the benefits that agencies can derive from contractor
QC, the growing importance of enhanced QC with the
shift toward PEM, and typical agency QC requirements.
The technical brief emphasizes that contractor QC will yield
direct agency benefits as the use of PEM expands and QC
becomes indispensable for meeting acceptance criteria and
sharing performance responsibilities.

AASHTO R 101 reinforces the idea that QC becomes
indispensable under performance-based specifications, as
compliance with acceptance criteria depends on robust
process and production control. As agencies implement
PEM, contractors with strong QC programs will be better
prepared to take on greater responsibility and risk for
performance outcomes. Contract documents define expected
standards, but it is up to contractors to demonstrate,

through QC, that those standards are being met.

8.0
Upper specification limit
15
A e A el —-————
= 65 Upper action limit
E . N Target line
£ 60
8
= 55
< Lower action limit
70 el N A
45 4 Lower specification limit
4.0

0123456 7 8 91011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30
Sample ID or time

CPTech Center

Figure 10. Run chart for air content in fresh concrete, with control limits established using specification limits

1"


https://www.intrans.iastate.edu/wp-content/uploads/2025/06/QC-TB4-Agency-Approaches-to-QC.pdf
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Some agencies have begun to implement PEM concepts into Since traditional QC and acceptance methods do not

their specifications, while for others, implementation may provide adequate assurance that PEMs will achieve the

take some time. With respect to a material supplier’s and/or desired performance, these methods should also evolve.
contractor’s approach to QG, it should not matter whether Both contractors and agencies should adopt new testing

a pavement is constructed under PEM specifications or methods and develop QC and acceptance systems that fill
traditional concrete pavement specifications. Best practices the gaps between specified properties, mixture qualification,
for QC and process control described in Quality Control for acceptance criteria, and performance. One approach is

Concrete Paving: A Tool for Agency and Industry (Cavalline shown in Figure 11.

et al. 2021) should apply to any concrete pavement project

regardless of the specification details.

PEM specified
properties
verified in
laboratory

Mixture
qualification

Construction
(1]

Acceptance

Performance

Flexural strength at 3, 7, 28, and 56 days
Compressive strength at 3, 7, 28, and 56 days
Volume of paste

Restrained volume change at 180 days
Water-to-cementitious materials (w/cm) ratio
Unit weight

Fresh air content

Calcium oxychloride limit

Apparent F-factor

Combined aggregate gradation

Modified VKelly test or Box Test

Compressive strength at 3, 7, 28, and 56 days
Volume of paste

Restrained volume change at 180 days
w/cm

Fresh air content

Combined aggregate gradation

Modified VKelly test or Box Test

Compressive strength at 3, 7, 28, and 56 days
Unit weight

Fresh air content

Combined aggregate gradation

Slump

Process controls

Compressive strength at 28 days
Fresh air content

Combined aggregate gradation
Pavement thickness

Pavement smoothness

Remove and replace cracked slabs

QC and acceptance systems must fill the gaps in durability
measures by evaluating properties that are assumed and
unverified during construction.

e Unwanted slab warping and cracking due to shrinkage
e Freeze-thaw durability

e Permeability/resistivity (transport properties)

CPTech Center

Figure 11. Example of PEM implementation and project flow


https://www.cptechcenter.org/wp-content/uploads/2021/12/QC_for_concrete_paving.pdf
https://www.cptechcenter.org/wp-content/uploads/2021/12/QC_for_concrete_paving.pdf
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Implementing QC for PEM and Conventional Approaches

For both PEM and conventional specifications, contractors
must prepare a comprehensive QC plan that does the
following:

e Documents all monitored items
* Uses reliable, accurate data for decision-making

* Establishes action and suspension limits, providing clear
guidance for process adjustments

Agencies are encouraged to require QC plans that go beyond
acceptance testing, encompassing crew training, process
control, and proactive adjustments. Contractors cannot
reasonably be expected to provide more than what contract
documents define, making clear specifications vital.

Agencies should also view QC data as a “flashlight” that
highlights areas needing attention, not a “hammer” for
penalties. When data are weaponized, contractors may
withhold information, undermining the effectiveness of QC.

Typical Agency QC Requirements

A review of 15 agency specifications in Cavalline et al. (2021)
showed that QC requirements fall into five categories:

1. General QC requirements, including the contractor’s
organizational structure, certifications, communication
processes, laboratory information, and other
documentation

2. QC for concrete mixture components, including
information on aggregates, cement/SCMs, admixtures,
and other materials

3. QC for concrete mixtures, including, but not limited
to, material sources and proportions, prescriptive
requirements, and QC tests required for submittal and
approval

4. QC for batching and testing, including, but not limited
to, descriptions of facilities and stockpiles; management
of materials, batch plants, and laboratories; calibration
of equipment; sampling techniques and testing methods
for fresh and hardened concrete; allowable adjustments;
control charts; corrective actions; and other provisions

5. QC for concrete placement, including, but not limited
to, preplacement checks; control and inspections of
equipment; placement monitoring; post-placement
measures such as finishing, texturing, curing, and
sawcutting; measures for adverse weather conditions; and
corrective actions

These provisions are summarized in Cavalline et al. (2024d)
and in Appendix A of Cavalline et al. (2021). Approaches to

QC and process control for each of these requirements are
described in Chapters 5 and 6 of the guide. The guide notes,
however, that contractors often need additional QC activities
beyond those described in order to ensure quality, long-life
pavements. The process control and QC measures required
to support success can often be above and beyond those
required by agencies.

QC Plans

As described above, QC extends beyond individual projects.
Contractors should maintain company-wide quality
management programs that do the following:

* Train and certify personnel
* Maintain accredited labs and calibrated equipment

* Integrate QC into broader business processes

Such programs foster a culture of quality, ensuring that
lessons learned on one project are applied across the
organization. QC plans for specific projects should reference
these organizational initiatives.

Agencies should require QC plans that document monitored
items, set action limits for adjustments, and use reliable,
transparent data. To realize QC benefits, agencies must
ensure that plans are implemented. At a minimum, agencies

should do the following:

* Require timely submission of QC data and integrate
results into acceptance decisions

* Provide clear trigger points and suspension limits for
failed results

* Keep contractor QC and agency acceptance testing
independent

* Establish dispute resolution processes

Effective communication between agency personnel,
consultants performing activities on behalf of the agency,
and the contractor is crucial to the success of any project and
the prevention of misunderstandings.

If contractors fail to perform minimal QC, agencies

may reject work, reduce payment, or stop production.
Conversely, contractors with strong QC programs can

be rewarded with prequalification status. If appropriate
QC plans are developed and implemented industrywide,
agencies will become more comfortable using QC data,
may be willing to relax or eliminate restrictive prescriptive
specifications, and may be more inclined to implement
performance-type specifications.

13



14

NC? MAP Brief Fall 2025

Closing

Agency QA programs support the construction of

quality concrete infrastructure. A critical component of
every highway agency’s broader QA program is the QC
performed by contractors, suppliers, and producers. In
this context, QC is both an agency requirement and

an opportunity for contractors to increase profitability,
reduce risks, and establish a positive reputation. Together,
organizational-level QC programs and project-level QC
plans support effective process control and continuous
quality improvement. Well-developed QC plans, supported
by organizational-level programs and process control
activities, deliver durable pavements and reduce risk.
Ultimately, QC benefits both contractors and agencies by
ensuring compliance, enabling innovation, mitigating risk,
and supporting continuous improvement.

Robust QC practices, particularly when integrated with
PEM principles, allow contractors and agencies to construct
pavements that will perform reliably throughout their design
life, give agencies confidence that pavements will meet
specification provisions, and advance industry innovation.
QC tools—from flowcharts to statistical charts—enable
contractors to identify issues early, implement solutions, and
continually improve their operations.

As specifications evolve from prescriptive to performance-
based, it is becoming increasingly important for agencies

to require contractors to demonstrate how they intend to
assume responsibility for quality within their QC programs
and plans. Additionally, the roles and responsibilities of the
agency, the contractor, and other parties must be clearly
defined. Accurate and reliable QC data are indispensable for
making timely process adjustments, supporting acceptance
decisions, and ensuring continuous improvement. Agencies
may use contractor QC results in acceptance decisions,
accentuating the need for effective and transparent data
collection and communication between all parties.

New publications and tools available through the CP Tech
Center’s website provide resources for all stakeholders to
support improvements in their quality systems.
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