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INTRODUCTION
Background

US Bureau of Transportation Statistics data shows that for the ten-year period from 2010 to 2019
US airports experienced 30% growth in enplanements and 35% growth in air cargo (by weight).
New runway, taxiway, and apron construction has not kept pace with this growth, resulting in
greater demands on existing pavement to provide reliable performance. Airfield Portland Cement
Concrete (PCC) pavements have proven reliable, routinely exceeding their design lives by 50%.
However, increasing air traffic has decreased the closure time available for the repair,
rehabilitation, or reconstruction of airfield PCC pavements. The airport owner and the user
demand a “get-in, get-out, and stay-out” philosophy for pavement projects. The development of
Rapid Repair Rehabilitation and Reconstruction (Rapid 3R) methods are the concrete paving
industry’s response to this demand. Runways at major hub airports the need for rapid PCC
paving has spread to airports of every size and every location on the airfield. Even smaller
airports have locations on the airfield which cannot be closed long enough to allow conventional
PCC paving.

Rapid 3R to address deterioration has competing priorities of pavement quality versus
completion as quickly as possible. The cost and inconvenience of closing critical airfield
pavement for repair can be significant for airports, airlines, and in some cases the national air
transportation system. Airports need to minimize impact on airport operations from repair,
rehabilitation, and reconstruction projects. To continue using rigid pavements, they need an
option to use rapid airfield concrete paving methods. Rapid 3R may involve the use of fast-
setting concrete repair and patching materials, rapid-strength concrete mixes, and/or streamlined
construction techniques to reduce closure times. In addition to expeditiously returning a
pavement to service, agencies require durable, long-lasting pavement. If not, band-aid treatments
will last just a few years, resulting in the fix-the-fix syndrome. The FAA has published Advisory
Circular (AC) 150/5370-16, Rapid Construction of Rigid Airfield Pavements, which offers
general guidance, but designers and contractors need specific guidance regarding recent
advancements in rapid airfield concrete pavement materials and procedures that enables them to
adapt these techniques to a specific project.

The scarcity of guidance for design decisions or fast-track construction processes complicates
projects. This often leads to the engineer filing a modification to standards (MOS) to use a non-
standard pavement section or non-standard materials to expedite construction. Documenting the
need and filing an MOS can be complicated and time consuming. Oftentimes, a MOS fails to
consider all impacts to the construction specifications or construction processes, leading to
difficulties for both the engineer and the contractor during construction. The Airport Concrete
Pavement Technology Program (ACPTP) recognized the need to develop guidance that
considers both the design and construction of reduced schedule projects. This guidance is needed
to give the airport sponsor, the Federal Aviation Administration (FAA), and the engineer of
record confidence in design and construction standards to support Rapid 3R. ACPTP initiated
project ACPTP-2021-3 Best Practices for Rapid Repair, Rehabilitation and Reconstruction of
Concrete Airport Pavements to address this need.
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Objectives

The objective of this research was to produce guidelines for rapid repair, rehabilitation, and
reconstruction of concrete airport pavement. The guidelines are based on historical best practices
that will allow for pavement design. They include recommended changes to FAA guidance that
would allow rapid construction to be eligible for Airport Improvement Program (AIP) funding
without the need for a MOS. The resulting Best Practices guidance for Rapid 3R will support
efficient planning, optimize the selection/design of treatments, enhance execution during
construction, and improve performance.

Scope
The scope of this research includes:

e A literature review to gain insight as to how Rapid 3R of concrete pavements have been
handled by airport owners, Department of Defense (DoD), and other agencies. One of the
review’s aims was to identify case studies where rapid airfield concrete construction
practices have been employed to investigate what modifications of standards (MOS) were
used, and the impact to stakeholders and pavement performance.

e Data collection including interviews to extract detailed information including:

MOS examples

Rapid repair implementation decision process

Existing pavement testing requirements

Specification development including material testing.

Procurement approach and cost data

Demolition/preparation

Subgrade preparation/ acceptance

Base/ Subbase preparation /acceptance

Materials

Finishing, texturing

Restoring load transfer to surrounding pavement.

Restoring airfield lighting, grooves and marking.

Quality measure practices

Quality Control/Quality Assurance (QC/QA) test data

Performance Data (Pavement Condition Index (PCI))

e Analysis of the information collected to determine the justification for use, best practices,
and FAA Advisory Circular Changes needed to make using Rapid 3R methods for airfield
paving standard practice.

e Develop Protocols, Provisions, and Recommendations including best practices guidance,
suggestions for advisory circular revisions, and storyboards for additional FAARFIELD
functionality and changes to AirCost tables within FAA PAVEAIR.

¢ A Final Report documenting the research and the findings.

e Develop Implementation and Education Plan -The target audience of this research consists of
airport pavement designers, QA/QC personnel, and FAA regulators.

O O O OO0 OO O0OO0OO0OO0o0OO0oOOoOOoO O
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LITERATURE REVIEW SUMMARY

An early part of the project was a literature review to identify issues and solutions related to
Rapid 3R. This section summarizes the literature review findings and provides recommendations
for improvement of FAA Guidance that are further developed in the “FINDINGS AND
RECOMMENDATIONS” Chapter. It is organized to follow a project’s lifecycle from planning
to materials, design and construction.

Project Planning

The type of Rapid 3R project influences the project planning approach. After the need for a
project is determined, a preliminary design is developed including conventional and Rapid 3R
alternatives. The preliminary design includes cost estimates and project schedules for each
alternative. A Benefit-Cost Analysis (BCA) is then performed completing the information
necessary for stakeholders to determine the optimal approach.

Preliminary Design

AC 150/5370-16 Rapid Construction of Rigid (Portland Cement Concrete) Airfield Pavements,
(FAA, 2007) provides guidance for the planning, coordination, management, design, testing,
inspection, and execution of projects. It identifies 3 types of design alternatives: Conventional
Rigid Pavement, Accelerated Early Strength Gaining Rigid Pavement, and Pre-cast Rigid
Pavement. The need for Partial Depth Repair (PDR), Full Depth Repair (FDR), and slab
replacement is influenced by urgency, level of damage, location, and configuration of the airport.
(FAA, 2007). The intention of the repairs is to last at least as long and perform at least as well as
the existing pavement.

Benefit-Cost Analysis

The FAA’s Office of Aviation Policy and Plans provides guidance on Benefit-Cost Analysis
(BCA) for Airport Improvement Program (AIP) capacity related projects (FAA Office of
Aviation Policy and Plans, 2020). The object of a BCA is to determine whether a proposed
project provides a net benefit to the aviation public. The driving factor for rapid construction is
to minimize disruption to operations, and thus the cost of revenue lost due to disrupted
operations.

When considering alternatives, a BCA provides a quantitative means to assess potential benefits
a project offers as it relates to cost. For 3R projects, this analysis must consider the impact of the
runway'’s loss on airfield capacity, delay, schedule predictability, ability to accommodate
aircraft, compliance with FAA standards, and environmental conditions. The key relevant factors
identified in the selection process include pavement structure design, costs, performance, traffic
characteristics, climate, materials, and subgrade.
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Coordination and Rapid 3R Planning Considerations

Report IPRF-01-G-002-02-3 (Peshkin, Bruinsma, Wade, & Delatte, 2006) included a review of
16 accelerated fast-track airfield PCC paving projects and reported that the three critical
components of planning are stakeholder coordination, procurement contracts, and scheduling.
Stakeholders include the FAA, contractors, owners, designers, airlines, air traffic control tower,
and additional parties. This coordination can be accomplished by (1) holding stakeholder
meetings, (2) designating and involving key personnel, and (3) holding partnering sessions.

FAA AC 150/5370-16 Section 2 Project Planning guidance includes initial stakeholder
coordination guidance, phasing and scheduling, project manager responsibility during planning,
security considerations, and contracting strategy (FAA, 2007).

FAA AC 150/5370-12B Quality Management for Federally Funded Airport Construction
Documents provides information on the planning and oversight of construction projects at
airports accomplished under the FAA’s AIP (Federal Aviation Administration, 2015).
Recommendations have been provided later in this report to update this AC with additional
criteria to streamline Quality Assurance/Quality Control and with enhanced communication
between the agency, Engineer, and contractor.

Recommendations
The literature review generated several recommendations for advancing Rapid 3R guidance.

e Pavement management system datasets from historical select fast track projects should be
acquired and reviewed for consideration in (1) performance analyses and (2) life cycle cost
analysis (LCCA) to evaluate the over-all-long-term economics of Rapid 3R construction with
respect to conventional practices.

e In conjunction, the development of a BCA framework to use the AirCost LCCA software, or
its online implementation in FAA PAVEAIR, for comparing the use of rapid construction
and traditional construction methods for a project should be considered. This would include a
review of LCCA inputs for the AirCost program to determine which, if any, are affected by
rapid construction techniques.

These recommendations were accomplished in later phases of the project.
Materials
For the literature review, materials for Rapid 3R were characterized into two categories:

e Large reconstruction/rehabilitation paving.
e Smaller panel replacement, FDR and PDR paving.
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Large Reconstruction/Rehabilitation Paving Materials

FAA AC 150/5370-10H is the leading guidance for the materials and methods used for
construction of airport pavement (Federal Aviation Administration (FAA), 2018), and
conformance is required when funded under the Airport Improvement Program (AIP). Although
the AC covers different types of pavements, this section focuses on item P-501 Cement Concrete
Pavement. Updated Rapid 3R specifications may be needed for the following aspects:

e Testing procedures for reactivity of aggregates with high early strength (HES) and very high
early strength (VHES) concrete

e Supplementary cementitious material (SCM) content (ex. fly ash, blast furnace slag, natural
pozzolans)

e VHES mixtures do not normally include fly ash or other SCMs since these SCMs delay
strength gain and therefore, lithium admixture is often used to prevent ASR.

e Materials for concrete curing (membranes, sheeting, etc.)

e Concrete mix design and control, namely updates to appropriate minimum total cementitious
material contents for HES and VHES mixtures; strength testing frequency and test type, and
adding a section on strength testing with the maturity method

¢ Guidance on admixture use to control set time

e Concrete mixing practices, namely a 90°F temperature limit and the addition of water

e Dowel and tie bar placement, specifically the 7-day cure time and strength requirement for
drilling

Additional agency specifications were reviewed for their applicability to rapid construction.
Pavements considered for rapid reconstruction are likely to serve aircraft larger than 100,000
pounds and therefore require stabilized base. Cementitious stabilized base specifications were
identified as potentially affecting development of Rapid 3R guidance.

Panel Replacement/ FDR and PDR Materials

American Society for Testing and Materials (ASTM) C928 defines the standard specification for
rapid-hardening cementitious material (ASTM, 2020). This standard focuses on compressive
strength, bond strength, and length change, but other valuable mechanical properties should be
considered such as “time of setting, flexural strength, freeze thaw, and sulfate expansion (Priddy,
2011). Although high early strength or rapid set concrete gains strength at a faster rate, its long-
term performance is sometimes poorer than conventional materials (Bruinsma, Peshkin, Wade, &
Delatte, 2007).

Air Force Tactics, Techniques, and Procedures 3-32.16 Sustaining Airfield Pavement at
Enduring Contingency Locations Chapter 3 Rigid Pavement Maintenance and Repair
supplements guidance for US Air Force rapid repair operations in UFC 3-270-03, Concrete
Crack and Partial Depth Spall Repair (United Facilities Criteria (UFC), 2001). Section 3.6.4
Materials lists the Air Force accepted rapid repair products that have been tested and have
performed well in several repair environments.
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Design Considerations
Current Guidance for Cast In-Place Rapid 3R Design

Current guidance for Rapid 3R on civilian airfields is primarily in IPRF 02-02, Accelerated
Practices for Concrete Pavement Construction (Peshkin, Bruinsma, Wade, & Delatte, 2006) and
FAA AC 150/5370-16, Rapid Construction of Rigid (Portland Cement Concrete) Airfield
Pavements (FAA, 2007). There is significant overlap in the guidance contained in these
documents, and much of the guidance is sound advice for conventional construction also. These
documents do make some recommendations that are specific to Rapid 3R. Many are high-level
design decisions intended to simplify the pavement construction process, including:

e Reduce the number of construction operations required by reducing the number of layers
being constructed (e.g., use a single base layer instead of separate base and subbase layers)

e Reduce the quantity of construction by re-using in-situ materials when possible (e.g., pave
over the existing surface as a base instead of removing and replacing it)

e Use simple and familiar materials, details, and construction techniques

FAA Pavement Design Method

FAA pavement designs must be conducted using the FAARFIELD pavement design software
(FAA, 2021). FAARFIELD uses an iterative finite-element based design procedure to calculate
pavement thickness. The Cumulative Damage Factor (CDF) of traffic repetitions from all design
aircraft is used to indicate if the pavement is over- or under-designed, and the program adjusts
the thickness until it is appropriate (Federal Aviation Administration (FAA), 2022). In general,
the CDF procedure does not preclude the design of HES or VHES pavements.

An investigation of changes required to accommodate rapid construction practices in
FAARFIELD is needed. This might include time dependency of properties, for example
assuming pavement opens to traffic early in the strength gain phase of PCC. Other changes could
include differing support conditions in the finite element model to account for precast slabs, a
different fatigue failure envelope for new materials such as CSA, different joint load transfer
assumptions to support innovative construction techniques, or new layer materials to reflect rapid
construction.

Construction Considerations

As with design, considerations for Rapid 3R construction overlap significantly with best
practices for conventional construction. High-quality planning and communication are essential
to a successful construction effort (Peshkin, Bruinsma, Wade, & Delatte, 2006); (FAA, 2007).
Pavement-specific implementations of best practices include:

e Pre-construction and frequent, regular (weekly or daily) progress meetings
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Separate meetings for specialized topics, such as a weekly QA/QC meeting
Plan for site access, including haul routes and security

Have control of material production (e.g., dedicated or on-site batch plants)
Pre-approve materials, especially mix designs

e Pre-stage approved materials

e Order long-lead items early

e Conduct test sections to prove contractor practices and gain experience

The literature supports assertions that (1) adequate layer thickness, (2) effective concrete
strength, (3) proper curing, (4) and (5) proper timing and location of joint saw cuts are all factors
that contribute to ensuring maximum performance.

Demolition

A variety of pavement removal practices were identified in the literature. Saw-and-liftout and
rubblization were identified as the most common techniques. Saw cutting is generally one of the
most time-consuming operations in rigid pavement repair. Double saw cuts are recommended to
prevent damage to adjacent pavements. Saw-and-lift is generally desirable in cases where the
surface must be removed but underlying layer cannot be damaged. It is slower than rubblization
and technically difficult. Breaking up and removing pavement is effective when speed is critical,
and the underlying layer will not be salvaged.

Subgrade Preparation

Subgrade preparation was rarely mentioned in construction literature. It appeared most projects
attempted to disturb the subgrade as little as possible.

Base/Subbase Preparation
The three common recommendations for bases and subbases are:

e Salvage and rebuild on top of existing bases/subbases, which requires minimizing
disturbance during demolition

e Stabilize them to minimize the effect of inclement weather

e Combine base and subbase if possible (mostly a design consideration)

PCC Placement

Key conclusions from the Peshkin et al review of accelerated PCC placement projects were: (1)
projects must have sufficient equipment, materials, and labor on hand, and (2) project personnel
must understand the material being used. Controlling material production, making material
changes, providing multiple crews, maintaining equipment, and providing sufficient curing were
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all cited as good practices for successful 3R projects (Peshkin, Bruinsma, Wade, & Delatte,
20006).

Restoring Load Transfer

Load transfer between slabs is typically provided by dowels or aggregate interlock in the case of
non-doweled joints (FAA, 2007). The saw cutting of pavement sections results in the loss of load
transfer with surrounding slabs. Load transfer between slabs must be re-established. The most
common load transfer devices are dowels or tie bars. These are typically drilled and anchored in
the parent slabs before cast-in-place repairs. For pre-cast panels, panels may be fabricated with
slots to receive the bars.

Installation of load transfer devices affect the timing of rapid concrete repairs and should be
considered in specification updates. The drilling and inserting of dowel bars into adjacent slabs is
a time critical procedure when conducting overnight slab repairs with either VHES concrete or
precast procedures. Pneumatic gang drills should be used to drill dowel holes at specified
spacing intervals based on load transfer design guidance. Provisions for adjusting the vertical
height of dowel hole locations based on conflicts with reinforcement bars in adjacent slabs
should be added to AC 150/5370-10 specifications.

Finishing

Finishing of HES concrete needs to be performed in an expeditious manner. Understanding the
relationship between temperature and material set time are important to determine the material
handling timeframe and avoid early set issues. Another benefit of expedient finishing is to avoid
overworking the material which can result in embrittlement and lead to scaling and durability
issues (Peshkin, Bruinsma, Wade, & Delatte, 2006).

Finishing operations include surface curing, grooving, pavement marking, and installation of
appurtenances such as in-pavement lighting and drainage. Grooving should be done in
accordance with FAA AC 150/5320-12C, Measurement, Construction, and Maintenance of Skid-
Resistant Airport Pavement Surfaces (FAA, 2018) and match surrounding grooves. Installation
of in-pavement light cans would be a significant complicating factor for rapid repair sequencing
and should be incorporated into updates of AC 150/5370-10 and possibly AC 150/5340-30
Design and Installation Details for Airport Visual Aids.

Quality Practices

Inspection requirements are likely to increase with Rapid 3R. The performance of PCC repairs
may be significantly affected by number of materials and construction-related parameters. Two
key factors considered by the FAA and most other agencies for the acceptance of rigid
pavements are layer thickness and strength. Coring is the most direct approach to assess both
characteristics; however, coring is time-consuming, destructive, relatively expensive, and a
limited representation of the pavement. Maturity Testing is capable of estimating concrete
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Table 7. Airport Submittals Received

Repair Acceptance

Submittal ATL | CLT | DYS | LGA | SEA | YVR | Additional Comments
Curing Materials X
Bond Breaking Materials X
Mix Design X X! X X X?
Bond Tests (Dowels) X
Grout Breaks X
Slump, Air Content,
QC Tests Temperature, Breaks
Slump, Air Content, Unit
QA Strength Acceptance X X X3 X3 X* | Weight, Temperature,
Breaks
QA Smoothness
X
Acceptance
QA Adjustments for X

! Only data sheets for admixtures provided.
2 Not official mix design. Cut sheets for repair material provided.
3 Only flexural strength breaks provided.

4 Unit weight not provided/required for project.

Performance Data

Pavement Condition Index

Pavement evaluation reports (e.g. PCI reports) were requested from airports during the data
collection phase of this project to evaluate the performance of rapid repair pavement sections and
corresponding conventional pavement sections. Seven airports provided data as shown in Table
1. Some of the reports included Structural Condition Index (SCI) and Foreign Object Debris

Index (FOD) values. Qualitative assessments were also requested during interviews, the results

are shown in Table .
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Materials/Testing Approaches

SEA required flexural beam testing (ASTM C31) of VHES concrete for acceptance. Contractor
payment was based on flexural strength at opening time and after 28 days. The contractor had a
lab at the airport and tests would be conducted soon after placement. Results from two samples
would be averaged for each strength test. SEA’s goal for VHES repairs was 550 psi flexural
strength prior to opening for traffic the next morning. If strengths were low, their rule of thumb
was never to open with strengths less than 250 psi. If pavement was trafficked at 250-500 psi,
then the contractor would have to “buy” the slab and replace at their expense. If pavement was
500-550 psi at opening, then it would be monitored for 28-day strength. Pavement with less than
600 psi flexural strength at 28 days would have to be removed and replaced at the contractor’s
expense, regardless of the opening strength.

Construction/ Acceptance Methods

A summary of the repair construction process is as follows. Normally, only one or possibly two
slab replacements would be performed at a time. 1-3 nights before, personnel would saw-cut the
slab into nine pieces. As pieces were removed, the drilling crew would drill dowel holes in that
section. Old 14”-thick PCC slabs were replaced by 18” VHES concrete slabs. Personnel would
excavate down to subgrade, usually 24, and compact the surface to 95% of modified proctor
(MP) density. A new 6” P-209 crushed aggregate base course would be installed and compacted
to 100% MP density. Density acceptance was confirmed using a nuclear density gauge. The base
would then be 18” from the top of existing slabs and they would place 4 sections of an 18” thick
precast slab assembly discussed above. Concrete was specified to be CTS “Rapid Set Cement” or
an approved equivalent. Additives such as fly ash, slag, and silica fume were not to be used. SEA
used a lithium nitrate admixture to mitigate alkali-silica reaction (ASR). CSA concrete would
either be mixed off-site, on site at airport batch plant, or mixed with volumetric mixer trucks at
the repair site. If brought in from an off-site plant, care would be taken to ensure trucks were all
on time. Each slab would require about 21 yd* of concrete (1.5°x20°x18.75”), about 3-4 trucks
per slab. Broom finishing was performed after the pour, with grooving cut at a later date if it was
required.

Performance

In 2015, Runway 16R/34L (now 16C/34C) was rebuilt. The reconstruction offered the
opportunity for forensic analysis on the VHES concrete slab repairs conducted in the 1990s and
early 2000s. The 710 VHES concrete slabs were in good to excellent condition during a visual
inspection of the runway before it was demolished. Of the 710 VHES slabs, only 10 had to be
replaced for damage (Ramseyer & Bescher, 2014). Also, concrete beams were cut out of one of
the VHES slabs and sent to a lab for flexural testing. Figure 5 shows flexural fatigue testing
results of beams made in 1997 (tested in 1998) and beams cut out of a slab in 2013. The results
indicate a 25-30% increase in fatigue strength in the VHES concrete over 15 years.
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e Establishing contingency plans and backups in case of extended closures were extremely
important to ensure a successful repair.

e [t is imperative to monitor the expected weather conditions and delay if the repair schedule or
quality will be affected.

e Lithium nitrate admixture acts like an accelerator, but no retarder was added to counteract
this affect. SEA personnel were not aware of this issue.

e The fast set time of VHES concrete can negatively impact finishing operations unless the
work is performed quickly.

Dyess Air Force Base
Justification for Use

Dyess AFB’s layout consists of a primary runway (16/34) that is 13,500 ft. in length and a
secondary assault strip runway (164/344) that is only 3,500 ft. in length. The primary runway has
a PCC surface in the keel area and a wider PCC keel area at the ends of the runway, while the
remaining non-keel areas are asphalt. The primary runway supports military air traffic consisting
of the B-1B Lancer and the C-130J Hercules.

Since 2008, Dyess AFB has been conducting repairs on the primary runway using cast-in-place
HES concrete. Up to five slabs (25 x 25 ft. each) can be repaired in a 60-hour closure window.
Dyess AFB Civil Engineering Squadron (CES) notes that the PCI of the runway is too high to
justify a complete replacement, so repairs are performed on select slabs instead. The majority of
PCI reduction is attributed to spalling, however most of the slabs repaired with HES methods
exhibit structural cracking (mostly on the centerline). Conventional PCC with a 28-day cure time
is used to repair taxiways and aprons.

Costs, Funding, and Cost-Benefit Analysis

Funding for the repairs is sourced from Air Force facilities Sustainment, Restoration, and
Modernization (SRM) funds. Dyess reported that rapid repairs were only 25% more expensive
than conventional repairs. Despite this, HES repairs are performed for operational reasons rather
than a cost-benefit analysis. As only a single primary runway is available and the base hosts a
national security mission, any closures must be as short as possible.

Planning Actions

Dyess AFB engineers coordinate with airfield operations to schedule a three-day closure of the
runway. Three days are necessary since the new ownership of the concrete batch plant will no
longer supply concrete on Sundays. Dyess AFB engineers stated in an interview that all
preparation actions were administrative and did not include any construction. However, during a
later site visit to observe a repair, saw cutting had been performed a few days in advance.
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Design Measures

The typical HES repair at Dyess has a cross-section of a 4-inch thick “mud slab” (low strength
concrete) base, a 6-inch-thick aggregate base drainage layer, and topped with a 23-inch concrete
slab. Runway slabs are all 25 x 25 ft, with dowels installed during the repairs for load transfer.
The original slabs did not have dowels, but instead incorporated keys at longitudinal joints and
aggregate interlock at transverse joints for load transfer. In-pavement lights or other elements are
not present in the slabs to be replaced, simplifying design and construction. Dyess AFB’s project
specifications were initially created by modifying pre-2008 DoD specifications. Recently, a new
specification was created based on UFGS with the same modifications carried over.

Materials/Testing Approaches

Concrete strength testing was conducted by an independent lab who obtained concrete samples
and performed some testing directly at the jobsite. Slump (1-3 in.), air content, and temperature
are tested for each concrete truck prior to pouring. After 1 day of curing, a minimum flexural
strength of 500 psi is required to open the runway. For all concrete pavement repairs (Rapid 3R
or conventional), flexural strength must be 650 psi at 28 days. DoD specifications previously
called for beam samples for strength testing, while the new UFGS spec allows for cylinders.
Material acceptance is not required for the subgrade and base layers, although the cement-
stabilized soil used in the construction process has a design compressive strength of 2,500 psi.
The drainage layer must meet 75% compaction as tested with a nuclear density gauge.

Construction/ Acceptance Methods

The typical 60-hour closure window at Dyess AFB spans from Thursday night through Sunday.
This was shifted slightly from a typical weekend closure as the only available batch plant is
closed on Sundays. The general construction schedule is as follows:

e Thursday night: existing slab demolition and excavation

e Friday: mud slab placement, slab preparation (dowels), and drainage layer installation

e Saturday: concrete placement and curing (done at night to avoid the heat during the day)

e Lab results become available after one day to indicate whether the runway can be opened.
The Construction process begins when joints are saw cut a few days prior to demolition. Initial
breaking of the existing PCC slabs uses a remote-controlled guillotine concrete breaker, which
impacts the slab at a regular interval in several overlapping passes. This is followed by a track
hoe utilizing a jackhammer attachment to break up lower layers (Figure 6). A track hoe with
bucket attachment is used to remove the broken material (Figure 7).

The next day begins with placement of the cement-stabilized soil (called a mud slab locally)
(Figure 8) early in the morning. One truck of material is placed without regard for grade, as this
is controlled in later layers. After a 3-hour pause to allow for curing, holes are drilled in the
adjacent slab edges for dowels using a two-barrel gang drill (Figure 9). At the same time, the

29
ACPTP-2021-3 Best Practices for Rapid Repair, Rehabilitation and Reconstruction of Concrete Airport Pavements










































































































































































































































of locally available paving aggregate with a maximum size of 7mm was used as a bedding layer
between the existing Cement Stabilized Base (CSB) and the bottom of the precast panel slab. A
specially designed power drop screed placed on rails was used to finish the bedding material to
the proper depth relative to the rails after it was placed. Another unique aspect of the
construction was the placement of light cans in the precast slabs that had to be plumb to the
world even though the slab possessed the necessary cross-slope for drainage.

Performance

2011 repairs. Some of the slabs adjacent to HES concrete repairs have been repaired with asphalt
patches. There are distresses in the asphalt patches where the HES concrete slabs are in contact
with the asphalt. The cause of this asphalt distress is unclear, but it appears to be some type of
shoving phenomena where the concrete is pushing into the asphalt or expanding differently than
the asphalt.

2019 precast project. On the day of the site visit (01/06/2023), a crack in one of the precast
panels close to the joint adjacent to an exist parent slab was discovered (see Figure 102). Since
the crack is so close to the joint, it is likely a joint spall versus a full-depth crack. The crack is in
an area by the corner where four dowels are tightly spaced. In a follow-on conversation with one
of the project design consultants, Mark Snyder, he suggested that the joint spall may be caused
by a combination of heavy loads and a weakened plane induced by having so many grout ports
so close together and so close to the joint. A core of the area could reveal how deep the crack
extends. It should be noted that it was recommended that the dowels not be placed so close
together, and it appears that a wider spacing would still provide adequate load transfer.
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and cancellations. The Airport Benefit-Cost Analysis Guidance document explicitly identifies
time saved by the public as a benefit to be considered in BCA.

The FAA provides a tool to calculate and compare LCC for pavement projects as part of its
PAVEAIR pavement management system (Federal Aviation Administration, 2025). The tool is
based on the AirCost LCC Analysis software developed under Airport Asphalt Pavement
Technology Program project 06-06 (Applied Research Associates, 2001). Planners can use it to
calculate the LCC of the rapid and conventional approaches to a project then compare them. The
LCC analysis alternatives should consider different material and labor costs, expected pavement
life, reliability/risk of the techniques, indirect agency costs, and indirect user costs. Risk
assessment should include variance in the difference between planned closure time and actual
closure time. Markups have been added to Advisory Circular 5320-6 that provide instructions to
conduct a BCA and an example BCA comparing the cost of a Rapid 3R project to its
conventional counterpart. These markups have been provided to FAA.

The FAA PAVEAIR LCC analysis tool focuses on the hard costs of construction (material
quantities and costs) as shown in Figure 115. The tool can consider costs that vary between
Rapid and Traditional projects but does not directly consider the cost of delays and cancellations.
These costs are combined into an “Indirect User Cost” calculated as a percent reduction in daily
airport revenue (Figure 116), and a series of indirect agency costs calculated as a percentage of a
project cost (Figure 117). Users should calculate these on a per project basis using Equation 1
through Equation 3. These calculations could be automated as part of the PAVEAIR LCCA
software. A mock-up of a potential interface is shown in Figure 118. The example BCA included
in the markup of AC 5320-6 is based on the new interface.

Delay Costs D=mxo*xp*xvxd Equation 1

Where:
D=delay cost per day
m=minutes of delay per operation
o=operations per day
p=passengers per operation
v=passenger time value per operation ($/min)

Operations Revenue Loss O=r=l*xfx*fp Equation 2

Where:
O=loss in revenue per day due to reduction in operations
r=reduction in operations per day
I=landing fee per operation ($/operation)
f=fuel flowage per operation (gallons)
fp=fuel price per gallon ($/gallon)

Passenger Revenue Loss P =px* (PFC+ park = c) Equation 3
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can or reinforcement, which are embedded in the light can foundation. Following removal and
cleanup, the rebar cage around the light can is rebuilt using some of the original reinforcement
still in place. Light cans are sealed and greased, and their locations are marked on adjacent slabs
prior to being paved over with concrete. The morning after curing, the light can is cored, and
light fixtures are reinstalled. CLT had been able to reuse every light can to date of the site visit
by following this procedure.

SDF, Dyess AFB, LGA and RDU all use full slab reinforcement for their rapid slab replacement
projects. Both rebar mats and welded wire reinforcement are used. The intent of the
reinforcement is to control cracks from spreading. High early strength concrete is more prone to
autogenous shrinkage, which can lead to early-age cracking. Autogenous shrinkage is the
internal volume reduction associated with the chemical process of hydration of cement, which is
more pronounced with high cement content mixtures. The reinforcement is intended to limit the
width of shrinkage cracks if they form. It should be noted that SDF, Dyess AFB, and CLT have
the most experience with isolated slab replacements of any of the airports that were visited.

Acceptance Procedures

SDF had the most robust concrete acceptance procedures of all the airports in the case study.
Flexural strength acceptance testing for concrete was performed by breaking beam samples.
Each night of rapid replacements, consisting of three slabs at SDF, are treated as a single lot. For
quality control (QC), temperature, air content, slump, and unit weight are measured on the first
concrete delivery truck. Additionally, one truck—randomly selected from those excluding the
first and last—is chosen for beam sampling, coring, and repeat QC testing. Cores are extracted
from the area where the selected concrete load was placed. A total of 15 beam samples are
collected, to accommodate two tests at 8, 10, 12, and 14 hours to assess opening strength, two
tests at 7 and 28 days to evaluate ultimate strength, two reserve samples, and one sample for
maturity meter (temperature) testing.

The flexural strength required for opening varied amongst the different airports visited. Dyess
AFB required 500 psi for opening to traffic, while SEA, RDU, and SDF required 550 psi for
opening to traffic. The primary aircraft at Dyess AFB is the B-1B and Dyess AFB has not
reported any structural failures related to early opening. Since most commercial aircraft wheel
loads are not as high as the B-1B, it was decided upon 500 psi flexural strength as the default
opening criteria for the P-501 specification for isolated slab repairs. The engineer will have the
ability to enter an opening strength into FAARFIELD to assess the impact of lower flexural
strength on long term pavement performance.

Advisory Circular Changes

All recommended changes to FAA Advisory Circulars and FAARFIELD have been provided
directly to the FAA for review and consideration during future updates.
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Advisory Circular 150/5320-6

Changes to AC 150/5320-6 to address Rapid 3R focus on taking a whole-of-project approach to
rapid repairs (e.g., combining pavement layers to reduce construction complexity) and how to
conduct a BCA for a Rapid 3R project. A marked up copy of the advisory circular has been
provided to FAA.

Advisory Circular 150/5370-10
Item P-501

P-501 was updated to include provisions for two types of fast-track isolated slab repairs using
early-strength concrete that are termed very high early strength (VHES) and high early strength
(HES). A marked up copy of the advisory circular has been provided to FAA. Fast-track isolated
slab repairs refer to short closure windows for the full-depth removal and replacement of a single
slab or a limited number of contiguous slabs. VHES concrete can achieve opening to traffic
times of 3 to 4 hours, typically using ASTM C1600 cements. ASTM C1600 cements were added
to the specification. HES concrete uses high ordinary Portland cement content mixtures,
specialized cements, and/or specialized admixtures to achieve opening times of 8 to 24 hours.
The sections of P-501 that apply directly to VHES and HES repairs were marked with
“(VHES/HES)” at the beginning of the paragraph.

The updated P-501 includes a new Paragraph 501.3.7 that includes some of the following
requirements for an early strength concrete mix. The mix design opening flexural strength is set
at an optional default value of 500 psi prior to the scheduled time of opening to traffic. The early
strength concrete mix submittal shall include flexural strength test results at 4, 8, 12, 24, and 48
hours, and an anticipated strength gain plot from 0-48 hours. The contractor must submit a work
plan with a detailed hour-by-hour schedule, proposed equipment, a mix design, and methods to
control consistent material production and delivery. The contractor is required to construct a test
section using the mix design the contractor intends to use for the slab replacement. The
contractor shall identify a set time of the mix based on the temperature development of trial
batches.

The new P-501 includes an updated Paragraph 501-8.1 with a pay factors for each lot based on a
combination of opening time strength and 28-day factors. The pay factor is computed in the
following equation

Pay Factor = (0.3 X Opening time factor) + (0.7 X 28 day factor)

with the opening time factors and 28-day factors provided in a table. The default value for
opening flexural strength is set at 500 psi for full payment and a zero pay factor is given for an
opening flexural strength less than 450 psi. If any lot is below 450 psi, concrete placement is
suspended until the deficiency is investigated and corrections are made.
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Item P-50X Partial- and Full-Depth Cement Concrete Pavement Repairs

A draft of a new specification for Item P-50X Partial- and Full-Depth Cement Concrete
Pavement Repairs was developed. The specification applies to full- depth repairs requiring less
than 50 cubic yards of concrete and partial-partial repairs of any quantity. Partial depth material
requirements are based on research performed by the U.S. Army Engineer Research and
Development Center (ERDC) and reported in ERDC/GSL MP-24-7 Materials and Methods Used
for the Expedient Repair of Concrete Pavements.

Advisory Circular 150/5370-16

AC 150/5370-16 Rapid Construction of Rigid (Portland Cement Concrete) Airfield Pavements

provides guidance for the planning, design, and execution of rapid construction of PCC airfield
pavements. At time of writing, the latest version was published in 2007. The following changes
and additions are suggested.

For project planning, the “identification of need” section should be expanded to include benefit-
cost analysis (BCA) guidance, which will determine if the total cost of rapid construction is
comparable to conventional PCC. This should use a “present worth” economic analysis method
over a 50-year period and include initial cost, construction duration, life expectancy, and residual
salvage values. Note that the software AirCost (included in FAA’s PAVEAIR or standalone) can
be used to perform a BCA, although planners must perform calculations outside of the software
to adequately capture the costs of closure. Recommended changes to calculate these costs within
the AirCost software have been provided to FAA. The AC should include the equation to
calculate costs, which considers the initial design, maintenance over its lifetime, and salvage
value. A general procedure for performing cost comparisons should be defined. Some steps are
characterizing the existing pavement, identifying design alternatives, determining costs/ time/
chance of success, and a final evaluation based on cost. Indirect costs, which are oven used to
justify rapid construction, should be identified. Some examples are construction time, pavement
life expectancy, maintenance procedures, aircraft operations delay, and administrative costs,
among others. Costs associated with rapid repair should be updated to include design and
materials, along with the existing items.

In addition, a new tier of project size should be defined as “repair projects”, which would be full-
or partial-depth patching of existing pavements. This is smaller than the “panel replacement” size
already defined in the AC. The Portable Seismic Pavement Analyzer (PSPA) device should be
removed as a nondestructive testing (NDT) method, as it is no longer produced or supported by
the manufacturer.

Advisory Circular 150/5370-12

AC 150/5370-12B Quality Management for Federally Funded Airport Construction Projects
covers information on planning and oversight of airport construction accomplished under FAA’s
AIP. This version was published in 2015. AC 150/5370-12B Sample Construction Management
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Program is a supplemental document published alongside the AC itself. Both documents should
be updated. A marked up copy of the advisory circular has been provided to FAA.

Within the AC, discussion points for the pre-bid conference should be expanded to include
scheduling, damages, and quality requirements, with the associated participants expanded in
turn. The recommended optimal time between the conference and bid opening should be
increased from 10 to 15 days. The preconstruction conference should also have its discussion
points and participants expanded in a similar manner. Planning for environmental spill
prevention should be added to the sample conference agenda. Construction-related items of
lighting, markings, and demolition/ disposal should be included in project cost for use in the
construction management program (CMP).

Within the sample CMP, all instances of the “construction observer” personnel should be
changed to “construction inspector”. This is intended to remove the passive connotation of an
‘observer’ role, while the true responsibilities and description of this position is more aligned
with an ‘inspector’ position. Wording throughout should be refined to use “construction
inspector” instead of “resident observer”, “construction observer/inspector”, or “field
(construction) observer” for clarity. In situations of severe nonconformance during construction,
wording should be changed so it is clear the construction superintendent dictates a suspension of
work, which must be in writing. The solution must also be in writing, and should address any
additional testing. Test reports must include the full results for failed tests, not just the test
number. Instead of specifying the vertical datum as NAVD8S, this should be chosen by the

engineer as some airports use unique datums.
FAA Software Changes
FAARFIELD

FAARFIELD requires changes to determine the effect of opening pavements early as part of a
Rapid 3R project. The approach to the calculations is for the user to input into FAARFIELD the
opening strength and amount of traffic during the early opening period, then the software will
determine how much of the pavement life is consumed by opening early. The existing CDF
approach, shown in Figure 119, requires only a small change to the procedure to consider an
early opening period with a different pavement strength, as shown in Figure 120. FAARFIELD
must calculate the number of allowable passes (using a lower Modulus of Rupture) during early
opening separately from the number of allowable passes after the pavement reaches full strength.
The CDF off the two periods is summed together to get the total CDF. Screenshots of a
FAARFIELD prototype to calculate how much pavement life is consumed by early opening is
shown in Figure 121 through Figure 123. The storyboard for recommended FAARFIELD
changes has been provided to FAA.
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