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Table 5.16: QC items to be performed for insertion of dowels and/or tie bars in hardened concrete airport 
pavements. 

Checklist 

✔ Verify that drilling and compressed air equipment is operational.  
✔ Verify that the drilled hole layout meets specification tolerances and the minimum spacing 

at intersections of dowels installed in contraction and construction joints. 
✔ Verify that drill bits are the correct diameter for the required hole size to be drilled. 
✔ Verify that the appropriate dowels and epoxy are available. 
✔ Verify that retaining rings or collars are correctly mounted and align dowel appropriately. 

Inspection Items 

● Visually inspect drilled holes for excessive spalling around holes. Excessive spalling is 
spalling outside of the retention disk diameter.  If this occurs, delay work until concrete 
strength increases or condition of the drill bit. 

● Check that holes are being thoroughly cleaned before insertion of epoxy and dowel. 
● Ensure that epoxy is inserted and dowels are twisted while advancing in a manner that 

ensures the holes are completely filled with epoxy and the dowel is centered within the 
hole. 

QC Measurements 

● Location of dowels – measure to ensure hard metrics are met.  
 
5.6.4.10. Dowel Bar Insertion 

Automatic dowel bar insertion is an installation technique available for concrete paving, but it is rarely used for 
airport pavement construction. Using this technology is subject to approval by the RPR.  FAA AC 150/5370-10H 
states that “approval of installation methods will be based on the results of the control strip showing that the 
dowels and tie bars are installed within specified tolerances as verified by cores or non-destructive rebar location 
devices approved by the RPR (FAA 2018).”  

5.6.5. Establishing Process Control 

5.6.5.1. QC Program Responsibility 

The QC Manager must adopt and tailor an effective company QC program for each project, rather than just trying 
to follow the rules of the specification. A reliable QC program will meet minimum FAA or DOD requirements and 
will include additional QC and process control measures that are part of the company’s adopted approach to 
paving. Remember, agency requirements define only the minimum effort needed. A company QC program should 
be developed that reflects the workmanship and consistency of the built product.  

When developing a QC program from scratch, focus on process control protocols for both paving operations and 
materials. If improving an existing program, identify weaknesses in screening materials or placement outcomes. 
FAA and DOD specifications emphasize material controls, but the QC manager should also consider other internal 
measures. A written CQCP must detail process control testing and be submitted for approval (FAA) or acceptance 
(DOD), meaning the development of a QC program is mandatory. 

The CQCP must clearly identify the items to be tested, the tests to be performed, the sampling protocol, and the 
testing frequency. It should also include a random sampling plan, a description of sample identification and 
storage systems, and a QC sampling and testing table. Presenting this information in a table format ensures it is 
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Table 5.21: QC items to be performed for texturing (adapted from Fick et al. 2012). 

Checklist 

✔ Verify that burlap, brushes, brooms, and/or artificial turf meet appropriate specification 
provisions. 

✔ Dispose of burlap, artificial turf, or brooms/brushes that are damaged or include residual 
cement paste buildup.  

Inspection Items 

● Observe the surface texture to ensure it is uniform and corrugations exhibit a defined 
texture without sagging and random polished areas. 

● Observe condition of burlap, artificial turf, or brooms/brushes and replace as needed. 

QC Measurements 

1. Perform the sand patch test (ASTM E 965)  
 
5.6.6.9. Curing QC 

Curing is defined as the process of maintaining an adequate moisture content and temperature within concrete for 
a specific period after placing and finishing to ensure that the concrete’s desired properties develop.  The 
conventional means of field curing concrete airport pavements is with spray-applied curing compounds. These 
liquid membrane forming compounds are applied using equipment mounted on a self-propelled construction 
bridge (curing cart or curing machine) that spans the width of the paving lane (Figure 5.53).  These machines can 
apply a very consistent and uniform application of curing compound, and the spray nozzles can be placed to spray 
the entire width of the paving section, as well as the pavement edges.   

  
Figure 5.53: Curing compound application cart and spray nozzles. 

(Left) Curing machine (source: ACPA). (Right) Closeup of Nozzles Along Vertical Edge (source: ACPA). 

FAA requires that curing compounds meet ASTM C309, Type 2, Class A or Class B requirements (FAA 2018).  The 
DOD typically requires that curing compounds meet either COE CRD-C 300 or ASTM C309, Type 2, Class B 
requirements (UFGS 2024). DOD’s preferred curing agent is wax-based (COE CRD-C 300) because the protection 
against moisture loss is considered superior to other compounds. In addition to the pavement surface, curing 
compound must also be applied to the pavement edges or vertical faces of the pavement, as well as to joint 
surfaces after they are sawed and cleaned.  Effective curing helps the concrete develop its final properties evenly 
through its mass (top, middle and bottom of slab) that if otherwise left exposed would result in excessive 
shrinkage, lower strength, and increased slab curling, warping and roughness.  
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The importance of curing is often misunderstood or neglected by paving crews.  The key to curing is controlling the 
concrete moisture content and temperature and many variables affect these two factors. This is why it is 
important to apply curing measures soon after placing and finishing concrete.  QC personnel must appreciate that 
curing measures will not make poor concrete better, but rather help concrete materials placed in the field to 
develop the properties that are expected based on the laboratory testing.   

Application Rate and Calibrating Sprayers – Regardless of the curing compound used, the manufacturer’s 
application rate recommendations should be followed unless local specifications dictate otherwise. To ensure 
compliance with FAA or DOD specifications for curing compound application rate, the QC Manager must properly 
calibrate the spraying equipment. Calibration ensures that the sprayer delivers the correct amount of curing 
compound uniformly across the surface. This is an important part of the preparation for the control/test strip and 
should also be checked occasionally during production to ensure the equipment remains functioning properly 
during production paving. 

The following two options are available for the sprayer application rate calibration (DOD requires ASTM D2995, 
Method A). 

Calibration by Volume Sampling (ASTM D974): 

1. Check Equipment and Nozzle Selection – Before starting calibration, the QC manager should inspect the 
curing compound sprayer for any clogged or worn nozzles, leaks, or pressure inconsistencies. The nozzle 
type should be appropriate for uniform coverage, typically a flat-fan nozzle designed for liquid curing 
compounds. 

2. Determine Sprayer Output per Minute – To measure the sprayer’s discharge rate, the QC Manager should 
follow these steps: 

a. Fill the sprayer tank with water (since water has similar flow properties to most curing compounds). 
b. Pressurize the system to the operating pressure typically used for curing compound applications. 
c. Spray into a graduated container for a measured time (e.g., 1 minute). 
d. Record the amount of liquid collected in ounces or gallons. 
e. Repeat the test 2–3 times to confirm consistency.   

3. Calculate the Application Rate per Square Foot 
a. Measure the sprayer's actual coverage width (spray fan width at a set height).  
b. Set a test area, such as a measured 10-foot by 10-foot (100 square feet) section of pavement. 
c. Drive the sprayer at the intended application speed over the test area while spraying. 
d. Measure the amount of liquid used to cover the test section.   
e. Compare this volume to the FAA requirement (1 gallon per 150 square feet) and adjust as 

necessary.   
4. Adjust Sprayer Settings 

a. If the application rate is too high or too low, adjustments must be made by:   
i. Changing the nozzle size or spray tip to increase or decrease flow.   

ii. Adjusting the sprayer pressure to fine-tune output.   
iii. Modifying the forward travel speed of the curing cart to maintain even coverage. 

5. Conduct a Final Verification with Curing Compound – Once the sprayer is calibrated using water, a final 
check should be done with the actual curing compound to account for differences in viscosity. The same 
process should be followed to confirm that the curing compound is being applied at the correct rate and 
consistency. 
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6. Document Calibration Results – The QC manager should record calibration settings, sprayer speed, nozzle 
type, and flow rate for quality assurance and compliance with FAA and DOD requirements. Regular 
calibration checks should be scheduled, especially when changing equipment, curing compounds, or 
environmental conditions. 

Calibration by Weight Sampling (ASTM D2995, Method A): The QC Manager may use a weight-based calibration 
method to verify the application rate of a curing compound by spraying onto a known surface and weighing the 
difference before and after application. This method provides a direct measurement of the actual curing 
compound deposited and can help confirm compliance with FAA requirements. The QC Manager can conduct the 
test with this procedure: 

1. Prepare a Test Board – Use a non-absorbent, flat, rigid material such as a sheet of metal, plexiglass, or a 
smooth plastic board. A standard-sized test board (e.g., 2 ft × 2 ft or 3 ft × 3 ft) is recommended for easier 
handling.  Ensure the board is clean and dry before starting the test. 

2. Weigh the board using a precision scale and record the initial weight (W1).   
3. Position the board flat on the pavement in the spraying path.  Ensure that the board is at the same level as 

the surrounding concrete surface so that it receives an application consistent with the pavement.   
4. Spray the Curing Compound – Operate the curing cart and sprayer as it would be during normal production 

(speed, pressure, etc.) ensuring that the board receives a full and even coating. 
5. Weigh the Board Again – Once sprayed, carefully remove the board and reweigh it (W2) before the 

compound dries.   
6. Calculate the difference in weight, W2 - W1 to represent the weight of the applied curing compound.   
7. Calculate the Application Rate by converting the weight measurement to gallons using the curing 

compound’s density (lbs per gallon), which can be obtained from the manufacturer’s technical data sheet. 
Determine the spray coverage area of the board in square feet and then compare the measured application 
rate to the requirement in the project specifications (typically 1 gallon per 150 square feet. 

8. Adjust sprayer settings and repeat the test as needed:   
o If the application is too light, adjust pressure, nozzle size, or forward travel speed.   
o If the application is too heavy, reduce the flow rate or increase forward travel speed.   
o Repeat the test until the correct coverage rate is achieved.   

This weight-based method provides an accurate and practical way to verify curing compound application rates in 
the field, ensuring compliance with specifications. 

Visual Appearance – The white pigmentation in curing compounds serves multiple purposes. First, it helps to 
reflect sunlight so that the concrete surface does not absorb heat. Although it may seem like letting the surface of 
a pavement warm by sunlight might be beneficial, the extra heat causes the cement hydration reaction to 
accelerate, potentially contributing to plastic shrinkage cracking and a built-in temperature curl which may reduce 
the longevity of the pavement in the long run. Secondly, the pigmentation provides visual guidance on the 
uniformity of the application. A practical rule of thumb is that the surface should look like a white sheet of paper 
after the curing application. The surface should not look mottled or have areas of gray showing through. Figure 
5.54 provides examples of a good spray application and a poor one. If there is any shade of gray evident on the 
surface after the compound is applied this indicates the rate of application may be too light, nozzles should be 
checked for clogging, or the operation reviewed for QC.  
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Figure 5.54: Examples of good and poor curing compound applications. (Left) Good coverage and even color. 

(Right) Uneven coverage and mottled color. 

Automation – Most curing carts have a motor for movement and a pump for spraying, with application rate 
controlled by speed. Advanced models now offer real-time displays to monitor and adjust curing, automatically 
providing the correct amount of curing compound (Kevern 2024). Basic inputs include application rate, pavement 
width, and spray bar height, as depicted in Figure 5.55A. Additional inputs like active edge sprayers and concrete 
thickness ensure proper spray bar height adjustment. Figure 5.55B shows an operator’s display indicating the 
current and required speeds for a specific application rate. A flow meter tracks the curing compound usage over 
time. The latest curing machines are also equipped with three rotatable nozzles at each location to prevent clogs, 
and a hot water tank for end-of-run flushing. 

  
Figure 5.55: Automated curing compound application rate displays. (Left) Curing rate set-up screen (source: 

Gomaco). (Right) Operator’s display screen (source: Gomaco). 

Hand Spraying – Curing compounds should only be applied by handheld spraying equipment in areas that include 
hand-placed concrete or areas where additional compound may be needed after the curing machine has passed.  
Both FAA and DOD require that hand-sprayed curing compound be applied in two passes, with the DOD requiring 
that the second coat be applied in a direction transverse to the first coat 

Fog Spraying – The QC Manager must carefully monitor curing conditions which will change by time of day and 
with weather and seasonal changes. One of the primary concerns during early-stage curing is moisture loss, as 
rapid evaporation can lead to plastic shrinkage cracking, surface weakness, and long-term durability issues. 
Concrete exposed to excessive wind and sunlight is vulnerable to rapid evaporation of moisture from the concrete 
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surfaces and plastic shrinkage cracking. Fog spraying is a commonly used method to mitigate this risk by 
maintaining a humid environment over the fresh concrete, but its effectiveness depends on various factors that 
require close attention. 

Wind speed, temperature, and relative humidity all play a critical role in determining whether fog spraying alone is 
sufficient. If conditions are hot, dry, or windy, the mist may evaporate too quickly to be effective, and additional 
measures may be necessary. The QC Manager should monitor real-time weather data and evaporation rates using 
ASTM guidelines to determine whether the conditions exceed the recommended threshold for plastic shrinkage 
cracking risk. If evaporation rates are too high, supplemental curing methods should be considered.   

One option to enhance curing performance is the use of colloidal silica. Unlike fog spraying, which only slows 
evaporation, colloidal silica chemically reacts with concrete to form additional calcium silicate hydrate (C-S-H), 
densifying the surface and improving long-term durability. This can be especially beneficial for airport pavements 
that require enhanced resistance to surface wear and moisture infiltration. However, colloidal silica must be 
applied correctly to ensure uniform coverage and avoid surface inconsistencies. The QC Manager must ensure a 
proper dosage is applied at the proper time. Approval by the RPR is necessary to use this method.  The DOD does 
not include this option for use in its specifications. 

Another alternative is the use of evaporative retardants, which form a temporary film on the concrete surface to 
slow moisture loss. These are particularly useful when finishing operations will take longer than expected or when 
fog spraying (misting water) alone cannot keep up with evaporation rates. Evaporative retardants do not contribute 
to concrete strength or hydration; they simply delay drying. The QC Manager must ensure that these products are 
reapplied if disturbed and that their use does not interfere with subsequent curing compounds or membrane-
forming sealers.   

In some cases, a combination of methods may be necessary. For instance, fog spraying can be used initially to 
prevent rapid moisture loss, followed by the application of a curing compound for long-term hydration control. On 
extremely hot or windy days, an evaporative retardant might be needed to stabilize the surface until a more 
permanent curing method can be applied.   

Ultimately, the QC Manager must assess environmental conditions, monitor surface moisture retention, and 
select the most appropriate curing method based on FAA or DOD specifications, project requirements, and budget 
constraints.  

Other Methods of Curing – Other methods of curing allowed by the FAA include white polyethylene film, white 
burlap-polyethylene sheeting, and waterproof paper (FAA 2018).  Each of these materials must comply with ASTM 
C171.  If these methods are considered for use, the materials should cover the entire pavement area and retain 
water without excessive runoff.  Sheets must be lapped to ensure full coverage of the pavement area. 

Table 5.22 provides a checklist, a list of inspection items, and QC measurements to support curing activities. 
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Table 5.22: QC items to be performed for curing concrete airport pavements (adapted from Fick et al. 2012). 

Checklist 

✔ Verify that curing materials are on the job and conform to specifications. 
✔ Verify that fogging equipment (when used) is available to keep the slab moist until curing 

materials can be applied. 
✔ Verify that curing tanks are full and material has been thoroughly mixed with the pigment 

uniformly dispersed throughout the container. 
✔ Verify that the pump for refilling is operable. 
✔ Verify that compound spray nozzles are clean and functioning with overlapping spray 

patterns. 
✔ Verify that the wind screen (if used) is appropriately adjusted. 

Inspection Items 

● Ensure the curing compound is continuously agitated. 
● Visually inspect for complete and uniform coverage of the curing compound; the surface 

should be like a white sheet of paper (no gray streaks). 
● Ensure that the curing compound is applied before surface drying is visually evident. 
● Ensure that the curing compound is not applied until after bleed water is not visually seen. 
● If plastic sheeting, burlap, or waterproof paper is used, ensure the entire surface is covered, 

sheets overlap sufficiently.  

QC Measurements 

● Record of start and stop locations and times. 
● Average coverage rate must exceed recommended coverage rate – calculate each time 

curing compound is added to the tank. 
 
5.6.6.10. QC for Jointing  

Joints are an integral component of concrete pavements, and they must be correctly positioned and constructed 
for optimal performance of the pavement. FAA’s AC 150/5320-6G and DOD’s UFGS 32 13 14.13 provide details 
and descriptions of the types of joints used by each agency. The QC Manager and construction crew must be 
familiar with the purpose of different joint types, and the details and tolerances required for their construction. 
Figure 5.54 provides FAA’s details for the different joints, which are briefly described below. 

• Isolation Joints (Type A)– Isolation joints are special joints designed to separate the pavement being 
constructed from adjacent pavements, embedded items, or other slab penetrations.  These joints allow 
the pavement slab to move independently (laterally and vertically) during expansion and contraction 
without any connection to the embedded object or the adjacent pavement/structure. Embedded items 
that may require isolation include light cans, and castings for drainage inlets, manholes or other utility 
castings. 

FAA provides a detail for a thickened edge isolation joint (Type A) which requires increasing the nominal 
panel thickness by 25 percent (see Figure 5.56). This type of installation will require careful planning to 
ensure the proper taper length is applied by removing material from the base layer.  
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Figure 5.56: Joint details used in airport concrete pavements (FAA 2021). 

• Contraction Joints (Type B, C or D) – These joints in concrete airport pavements control cracking by 
accounting for concrete shrinkage and panel thermal movements, ensuring cracks form at designated 
locations. Contraction joints are sawed joints. These joints create a weakened plane in the pavement 
where cracks will form in a controlled manner, preventing random cracking that could compromise a 
pavement’s structural capacity, durability and safety.  

Dowels placed in basket assemblies are frequently required by project plans and specifications for use in 
airport pavement contraction joints (Type C). However, both the FAA’s and the DOD’s standards only 
require dowels in the last three contraction joints prior to a free edge (end of runway, taxiway, etc.). The 
intention is to allow for load transfer if joints open wider than and render aggregate interlock ineffective for 
load transfer. In DOD projects, dowels are also considered when subgrade support is very low (less than 
100 psi/in). Neither DOD nor FAA require dowels in contraction joints in pavement placed on a stabilized 
base, however it is very common for design engineers to require dowelled joints throughout the length of a 
runway or taxiway.  
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• Construction Joints (Type E or F)– Construction joints are formed during construction at the edges of 
placements either by the slipform paving machine’s profile pan or by fixed forms. The face of a 
construction joint is smooth and is often called a butt-faced joint. Because construction joints have 
smooth vertical edges, engineers often require dowels to provide load transfer. Headers are construction 
joints transverse to the line of paving and may also be formed at the end of a day of paving or when paving 
stops due to issues requiring a paving stoppage. Joints between pilot lane and fill-in lane paving are also 
construction joints, as are joints formed at the end of a placement abutting existing pavement.   

Header Construction – Transverse construction joints, or headers, must be constructed at the end of each paving 
day or when paving is stopped for 30 minutes or longer.  These joints must be carefully constructed to ensure long-
term pavement durability, load transfer, and smooth ride quality. There are two primary methods for constructing 
headers, each with its advantages and challenges: 

• Bulkhead formwork method (Figure 5.57)  
• Sawed construction joint approach (Figure 5.58) 

  
Figure 5.57: Bulkhead formwork headers. (Left) Bulkhead formwork header (source: Dave Rath). (Right) 

Header form in place and paver set to extend paving across the form (source: Dave Rath). 

  
Figure 5.58: Paver run through header. (Left) Pave-through joint with saw cut for header at intersection 

(source: Dave Rath). (Right) Sawed header with pave over bulkhead (source: Dave Rath). 

The bulkhead formwork method is a common approach where a rigid bulkhead—typically made of steel or wood—
is placed at the stopping point to create a straight, vertical face. Concrete is paved and consolidated up to this 
bulkhead and finished flush with the form. (Some contractors elect to use a bulkhead slightly narrower and shorter 
than the profile pan height so the paving machine can pave directly over the form for a short length.) Once the 
concrete has set, the bulkhead is removed, and dowel holes are drilled into the formed face, or for a cleaner 
vertical face contractors may elect to saw off a segment of concrete before drilling the dowel holes.  Dowel bars 
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are epoxied into position in preparation for the next placement. This method is effective in providing a well-defined 
joint, making alignment easier. However, the bulkhead must be secured well to hold up to the pressure of the 
concrete and paving process. Additionally, dowel bar placement must be precise and checked against allowable 
tolerances.   

With the sawed construction joint approach, the concrete is placed continuously until the grout box runs dry past 
the desired header location without forming a hard stop. Once the concrete reaches sufficient strength, a full 
depth saw cut is made at the planned joint location. This eliminates the need for formwork, increasing paving 
efficiency while reducing the risk of creating deviations in the surface from hand finishing. The method also allows 
for a clean vertical edge for the joint. However, this method involves more material waste and requires more work 
for removing the runout concrete. It also adds the risk of emptying the grout box too early and causing a mortar rich 
surface on the production concrete. To make removal easier, contractors may place a sheet of polyethylene over 
the base along the runout area that will later be removed after paving.   

The QC Manager overseeing the construction of headers should monitor several critical factors. Dowel bar 
alignment and embedment are of critical concern. Improper positioning of the dowels can result in poor load 
transfer. The dowel hole depth, diameter, and epoxy application must be verified directly. When formwork is used 
the quality of the joint edges must also be inspected closely. Proper finishing and compaction near the joint are 
essential to prevent honeycombing or weak zones. Lastly, the concrete must be cured sufficiently and meet the 
specification’s opening strength requirements for construction equipment before using a deep-cut, diamond-
bladed saw (Figure 5.59) or dowel gang drill.  

 
Figure 5.59: Deep saw for header (source: Dave Rath). 

Initial Sawing for Contraction Joints – The sawing window (Figure 5.60 and Figure 5.62) for concrete paving refers 
to the optimal period after concrete placement during which saws can be used to make contraction joint cuts that 
will control cracking. This window typically begins once the concrete has gained sufficient strength to support 
sawing without excessive raveling along the saw cut (Figure 5.61) but before uncontrolled cracks develop. Several 
factors affect the optimal window to saw contraction joints, including the mixture materials and proportions (such 
as the cementitious materials content, w/cm ratio, and hardness of coarse aggregate) as well as the concrete 
temperature and ambient temperature.  Even with the same concrete mixture, the window for saw timing may vary 
based on the temperature at which the concrete is delivered at placement as well as the ambient conditions. The 
duration of the sawing window may vary based on these factors (ACPA 2011): 

Weather: 

• Sudden temperature drop or rain shower 
• Sudden temperature rise 



 Best Practices Manual:  Quality Control and Quality Acceptance of Airport Concrete Pavement 
 

Airport Concrete Pavement Technology Program  243 

• High winds and low humidity 
• Cool temperatures and clouds 
• Hot temperatures and sunny 

Subgrade/Subbase: 

• High friction/bond between slab and base 
• Dry base surface during construction 
• Loss of moisture and concrete material into porous open-graded (permeable) base 

Concrete Mixture: 

• High water demand 
• Rapid early strength 
• Retarded set 
• Fine aggregate (fineness & grading) 
• Coarse aggregate (maximum size and/or percentage and hardness) 

Other: 

• Saw blade selection 
• Paving fill-in lanes 
• Delay in the curing application or poor curing protection 

 
Figure 5.60: The impact of good curing on the joint sawing window (after ACPA 2011). 
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Figure 5.61: Levels of joint raveling from sawing (ACPA 2015a). 

 
Figure 5.62: The impact of good curing on the joint sawing window (after ACPA 2011). 

A paving crew’s attentiveness to curing impacts the joint sawing window by fostering concrete strength 
development and delaying development of internal stresses in the concrete. Figure 5.60 illustrates this effect and 
how this can lengthen the sawing window and decrease the risk of uncontrolled cracking. 

The contractor must be ready to perform saw cutting during the optimal window, regardless of when it occurs and 
how long it lasts.  The CQCP should provide clearly defined and easily understood guidance for sawing crew 
members. On DOD projects, specification provisions direct the contractor to address the type of saws and 
sawblades in the CQCP. 

One of the critical decisions is when to begin joint sawing.  As described earlier, sawing too soon causes excessive 
joint raveling. The simplest method to determine the concrete’s readiness for sawing is the “scratch test” which 
gauges the degree of raveling that may occur (Figure 5.63).  Weaker concrete will scratch deeply and particles may 
be dislodged, while harder concrete will be more difficult to scratch). The contractor may also elect to perform 
trial joint cuts, but this risks damage to the concrete that may require mitigation. Another option for QC for timing 
joint sawing is on the horizon with the introduction of embedded resistivity sensors 8F8F8F

9.  

 
9 Embedded resistivity is in the final stages of research and development to provide sensors for real-time monitoring of concrete moisture 
content and curing progress, allowing early detection of critical changes to prevent issues like cracking and shrinkage (Kevern 2024). The 
sensors will offer a simple, fast and visual method to evaluate concrete curing compounds and moisture retention, enhancing overall 
quality control. By continuously monitoring the curing process, QC Managers and the joint sawing crew will have a tool to ensure uniform 
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Figure 5.63: Methods to determine the opening time for joint sawing. (Left) Photo showing scratch test on a 

highway pavement (source: ACPA). (Right) Embedded resistance sensor for curing and joint window 
detection is in final research stage (here being tested on a highway pavement) (source: John Kevern). 

The end of the sawing window is generally identified as the point where the top surface temperature of the slab 
begins to decrease while the temperature of the internal concrete continues to increase.  At this stage thermal 
gradients and thermal restraint stresses begin to develop within the panel.  If the sawing window is missed, 
random cracking may occur along or adjacent to saw cuts.  Temperatures can be monitored using handheld 
thermometers or infrared temperature measurement devices.  Maturity meters can also be used to monitor 
strength gain and temperature gradients to assess the sawing window.  Maturity values can be used to identify 
start and end times for sawing windows based on observed sawcut characteristics (ACPA 2011). 

Joint Activation – Joint activation refers to the process by which a contraction joint successfully induces and 
controls cracking at the intended location. If a saw cut is made, but no crack forms, the joint has not activated. 
When contraction joints are properly designed, constructed, and sawed at the right time, shrinkage and thermal 
stresses will naturally cause a crack at the weakened plane. If saw cutting is delayed or too shallow, the concrete 
may crack at random locations instead of following the planned joint. Additionally, environmental conditions can 
accelerate or delay joint activation; under certain conditions transverse contraction joints may not activate for 
days, weeks, or months.   

QC Managers should monitor the timing of saw cutting, joint depth, and look for joint activation along the sides of 
pilot lanes. On DOD projects, UFGS 32 13 14.13 (May 2024) provides requirements for the inspection of initial saw 
cuts to verify the development of cracks, and for additional saw cuts to be performed if the initial saw cuts do not 
activate.   

For multiple lane widths, the QC Manager and sawing crew must account for sawing a longitudinal contraction 
joint in addition to the transverse joints. Sawing a longitudinal contraction joint should progress with sawing of the 

 
curing and accurately determine the optimal time for joint sawing, reducing the risk of uncontrolled cracking and improving the durability of 
the concrete. 
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transverse joints, staying within a slab length. Progressing together minimizes any adverse effects that concrete 
age/properties at the time cutting may have on crack control and joint activation. 

Cleaning and protection of Initial Saw Cuts – After the initial sawing is completed the saw cuts should be flushed 
with water to remove saw slurry.  Both FAA and DOD also require the exposed faces of contraction joint saw cuts 
to receive a curing application if the joint sealing, cleaning, drying and installation does not occur soon after 
sawing. When joint sealing will be delayed, FAA requires an application of a curing compound and sealing with wet 
rope to protect the joint (FAA 2018). UFGS 32 13 14.13 (May 2024) also provides requirements on sawcut cleaning 
and protection, as well as requirements for repairing spalls along joints (UFGS 2024). 

Table 5.23 provides a checklist of activities to be performed before sawing operations, inspection items to be 
performed during sawing, and QC measurements to be made during sawing. 

Table 5.23: QC items to be performed for sawing joints for concrete airport pavements 
 (adapted from Fick et al. 2012). 

Checklist 

✔ Verify that an adequate number of saws and blades are available on the project. 
✔ Verify that saw blades are correct diameter for the required sawcut depth. 
✔ Verify that water trucks are available to support the saw crews. 
✔ Verify that lights, if necessary, are available and operable for the saw crews. 

Inspection Items 

● Verify that each sawcut location is centered on a dowel when dowels are used in 
contraction joints. 

● Check that sawcut depths comply with specifications at mid-slab locations. 
● Visually inspect the pavement for uncontrolled cracks. 
● Check whether raveling is excessive (if sawing is performed too early) or minimal (if sawing 

is performed too late). 

QC Measurements 

● Log of time of paving, time of sawing, and slab temperature. 
● Temperature – monitor every hour via sensors installed in the pavement and correlate with 

the time of sawing relative to the time of placement. 
 
5.6.6.11. Joint Sealing Reservoir QC 

A second saw cut after the initial cut is needed to create a joint sealant reservoir. Both FAA and DOD provide 
specific details for the sealant reservoir and the QC Manage must ensure the sawing crew supervisor selects the 
proper blades for width of the reservoir cut and for beveling, as required. Figure 5.64 shows FAA’s standard details 
for field-poured sealants and pre-formed compression seals (FAA 2021).  

Proper attention to detail and consistency in cleaning the reservoir, along with the following proper installation 
guidelines, are necessary for effective sealant performance. The QC Manager should ensure the sealing crew 
properly follows these five steps as appropriate for the type of sealant installation (ACPA 2017): 

1. Sawing the reservoir. 
2. Cleaning the reservoir. 
3. Installing the backer rod (if required). 
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4. Cleanliness check. 
5. Installing the sealant. 

 
Figure 5.64: Concrete pavement joint sealant details (FAA 2021). 

Inspecting the reservoir before applying sealant material is essential for effectively sealing joints. Experience 
indicates that inadequate focus on thorough reservoir cleaning significantly impacts sealant performance. While 
not directly required by FAA or DOD, the following QC process will help workers learn proper techniques and 
ensure consistent results: 

1. Reservoir Sawing — Sawing/widening shapes the reservoir for sealant installation. Saws equipped with wet 
diamond blades minimize dust creation. The reservoir saw cut will remove any raveling caused by the 
initial cut and provide the proper dimensions for the sealant. As with all concrete sawing, follow 
manufacturers and industry recommended practices for selecting saw blades properly for the hardness of 
the concrete (aggregates). Use at least a 65-horsepower saw for cutting hardened concrete. 

2. Cleaning — Proper cleaning is essential for joint sealing. Follow manufacturer guidelines, ensuring 
reservoir faces are free from dust, dirt, and foreign materials. Avoid chemical solvents; use mechanical 
action and pure water flushing. Do not rely only on wire brushes for this work. 

• After sawing, wash the area with water to clear slurry. Do this in one direction to reduce contamination 
of surrounding areas and joints.  
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• Once dry, use abrasive blasting to remove residue. Hold the nozzle at an angle to clean and texture the 
top 1 inch (25 mm) of the joint face for better sealant adhesion. 

• Blow air to remove particles and dust just before applying sealant. Ensure the air compressor filters 
moisture and oil correctly, delivering at least 120 cu.ft./min. and 90 psi nozzle pressure. 

• Use a vacuum sweeper and hand booms to keep the pavement clean (Figure 5.65). 

  

Figure 5.65: Keeping joints and area clean. (Left) Vacuuming for slurry removal (source: Dave Rath). 
(Right) Power brushing surface to keep slab and joints clean (source: Dave Rath). 

3. Backer Rod Installation — Install backer rod after cleaning and before sealant installation. Ensure 
compatibility with the sealant and size it 25 to 50 percent larger than the reservoir width. Use a double-
wheeled steel roller to insert the rod uniformly to the correct depth. Select an insertion wheel for the 
desired depth. Roll over the rod twice without puncturing or stretching it. Do not cut the rod at intersecting 
joints; install through the intersection in both directions, placing the transverse rod over the longitudinal 
rod. 

4. Cleanliness Check — The crew supervisor must verify the reservoir cleaning before sealant installation. 
Two methods can evaluate cleanliness. An inspector can wipe the sidewalls with a finger to check for dirt 
or dust; if contamination is found, further cleaning is needed. This method works best for wider joints. 
Another test is the ACPA RTU 17.01-2017 wipe test, capturing contamination levels on the wall. The 
procedure requires:  

• Black, 100% cotton cloth (5.5-ounce) 
• Standard medical tongue depressor long enough to reach the bottom of the reservoir and wide enough 

to contact at least 1 in. of the wall. 
• Ensure the depressor and cloth can be inserted freely into the reservoir. 
• Randomly select locations and take two samples by inserting the cloth into the reservoir and rubbing it 

against the walls with the tongue depressor. Use the worst-case sample as the QC check. 

Compare the residue left on the cloth to the reference or benchmark photos in ACPA’s wipe test 
documentation (Figure 5.66). The comparison provides a visual delineation of clean and unclean joints. 
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Figure 5.66: Benchmark conditions in ACPA wipe test (ACPA 2017). 

5. The last step involves the installation of the sealant material. Installation requirements differ slightly 
depending on the type of sealant used. Manufacturers recommend a curing or cooling period for formed-
in-place sealant materials and provide guidelines regarding ambient air and pavement temperatures 
during installation. Compression seal manufacturers also offer recommendations for lubrication and 
acceptable limits on sealant stretch during installation. Regardless of the type of sealant, it is always 
advisable to consult the sealant manufacturer for their most recent recommendations. 

Table 5.24 provides a checklist of inspection of joint sealant materials, equipment and installation quality. 
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Table 5.24: QC items to be performed for joint sealing concrete airport pavements (adapted from ACPA 
2018). 

Checklist 

MATERIALS 
✔ Verify that joint sealant or seal is of the correct type and meets specifications. 
✔ Verify that the backer rod is of the correct type and meets the specifications. 
✔ Verify that the diameter of backer rod is at least 25% larger than the width of the joint reservoir. 
✔ Verify that a primer for silicone sealant is available if called out in the contract documents  
✔ Verify that joint sealing materials are obtained from the approved source. 
✔ Verify that material packaging is not damaged so as to prevent proper use  or properties after 

installation (for example, packages are not leaking, torn, or pierced). 
EQUIPMENT 

✔ Verify that concrete saws and blades are in good condition and of sufficient diameter and 
horsepower to adequately cut the required depth for the initial, secondary and/or joint refacing 
cuts. 

✔ Verify that all equipment used for dust control, slurry removal or vacuuming are functioning 
adequately for these controls to meet specification requirements. 

✔ Verify that air compressors are properly filtered and are properly functioning. 
✔ Verify that water or abrasive blasting equipment is properly functioning, and appropriate 

nozzles are mounted on the equipment for intended purpose of cleaning the joint sealant 
reservoirs. 

✔ Verify that silicone sealant pumps are functioning properly, and the pump system is set up to 
deliver the silicone sealant from its original packaging. 

✔ Verify that the compression seal installer is clean and capable of installing the seal without 
twisting or nicking, and within required limits on stretch. 

Inspection Items 

● Monitor the temperature of hot-pour sealant periodically to ensure it is in compliance with the 
specifications.  

● Verify that sufficient quantities of materials are on hand for completion of the project. 
● Verify daily that ambient air and concrete surface temperatures, plus dew point thresholds are 

within recommended ranges for joint sealant installation. 
● Verify daily that a sufficient number of precipitation-free days have been met prior to sealant 

installation. 
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QC Measurements 

● Verify that the joint reservoirs are cut to  the appropriate depth and width to comply with specified 
shape factors 

● Using wipe test verify that the crew’s joint reservoir cleaning techniques produce joint reservoirs 
(both faces) that are clean and dry for acceptance of the joint sealing material. 

● Verify that joint reservoir cleaning steps do not leave loose material at the bottom of any joint or 
crack after cleaning. 

● Verify that the backer rod (if required) is installed to the correct depth to allow for the proper 
sealant depth and recess.  

● Verify that the sealant is installed to the correct dimensions per the project requirements, 
including shape factor (width and depth) and recess. 

● Spot check the installation for sealant adherence to the sidewalls. 
● Spot sample the installation to check that the sealant has cured adequately. 
● Spot check the installation of preformed compression seals to ensure methods and equipment 

operate within stretch limits. 
● Verify the Integrity and complete filling of both transverse and longitudinal reservoirs, including 

intersections of the joints, to verify that no gaps exist. 
 
5.7. Fixed-Form Paving QC 

Both FAA and DOD consider the areas requiring fixed form paving (non-slipformed or hand placement), such as 
intersection radius slabs, short paving segments, tapered approaches to intersections and backfill for full slab 
removals, to require a separate mixture design (mixture proportioning study). The workability of the mixture must 
be appropriate for the placement method and a separate proportioning study submitted to the RPR or QA function 
for acceptance or approval.  A control/test strip using the materials, methods, and equipment proposed for fixed 
form paving must be constructed and approved.   

FAA’s AC 150/5370-10H (FAA 2018) describes fixed-form construction in Item P-501, providing requirements for 
the advance erection of side forms, ensuring they are true to line and grade.  Forms may be made from steel or 
wood depending on the required shape.  Standard forms include form locks and pins to secure them to the grade 
(Figure 5.67). For fixed-form concrete placement FAA requires that concrete “be spread, screeded, shaped, and 
consolidated by one or more self-propelled machines,” which uniformly distribute and consolidate concrete 
without segregation so that the pavement can meet specification requirements with a minimum of handwork.  

 
Figure 5.67: Standard form for fixed form paving application in odd-shaped panels (ACPA 2015b). 
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Fixed form paving requires more attention for smoothness. Forms are the elevation control. Form lines require the 
same considerations as track lines for slipform paving. For smooth construction, forms cannot rest on unstable 
materials or areas with low spots or pedestals of dirt or rock. The forms must be straight, made from rigid and 
durable material, include form locks to join segments and three or more keylocks per 10 ft. 

To comply with requirements, the QC manager must ensure equipment meets Item P-501 specifications in AC 
150/5370-10H for FAA work and UFGS 32 13 14.13 for DOD work. If proposing to use a vibratory or roller screed, 
the contractor must include it in the CQCP and get approval from the RPR or QA function. Even if initially accepted, 
the method may require further assessment in the control/test strip. Fixed-form placement methods and 
equipment need review and acceptance before production paving. 

Prior to using fixed forms, the QC Manager should ensure the form setting crew examines each form with a 
straightedge or stringline. Only use forms if it is within these tolerances: 

• Less than ± 1/8 in. (3 mm) along top. 
• Less than ± 1/4 in. (6 mm) along inside edge. 

The form crew should repair or replace forms that are out of tolerance. The form setting crew should use a 
stringline to set forms for proper elevation and position.  Then they should assess the quality of support beneath 
forms before setting them and securing them into position (Figure 5.68 left). Settlement of forms beneath the 
weight of the paving equipment will cause surface deviations (dips). The forms should be fully supported and only 
shimmed for minor deviations up to 1/4 in. 

FAA Advisory Circular (AC) 150/5370-10H, includes requirements for concrete finishing equipment for fixed form 
construction. The FAA allows the use of clary screeds, roller screeds, vibratory strike-off screeds, and fixed-form 
paving equipment (form-riding machines) for construction of odd-shaped panels and small paving segments. 
UFGS 32 13 14.13 provides similar allowances for fixed form paving equipment. Figure 5.68 right shows a roller 
screed operation. 

While both FAA and DOD allow for use of surface finishing machines in areas near buildings, and at intersections 
and other locations requiring fixed-form paving, both agencies discourage or prohibit this equipment for large-
scale, high-load-bearing airfield pavements due to their limitations in achieving required surface smoothness, 
consolidation, and uniformity (FAA 2018 and UFGS 2024). 

Although the FAA does not specify exact requirements, the ACPA recommends that forms remain in place for at 
least 12 hours after concrete placement to avoid corner spalling and damage around dowel bars. The ACPA also 
advises that contractors remove forms no later than 24 hours post-placement, as delaying form removal may 
negatively impact the curing of vertical edges adjacent to the forms. Upon removal of the forms, it is essential to 
spray the exposed sides with a curing compound within 30 minutes to retain moisture and ensure adequate 
curing. The QC Manager should include the planned timing for form removal in the fixed form paving section of the 
CQCP.  For DOD projects, UFGS 32 13 14.13 (May 2024) explicitly requires forms to remain in place at least 12 
hours after concrete placement. 
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Figure 5.68: Fixed form paving. (Left) Fastening fixed form to base (source: ACPA). (Right) Roller screed on 

fixed forms in odd-shaped panel (source: Dave Rath). 

5.8. Weather Considerations 

Weather affects the surface finish and cracking risk of plastic concrete. The Contractor's QC Plan must detail crew 
actions for inclement weather. It should also define tools or information to identify hot, cold weather, and 
imminent wind or rain periods.  The following sections provide weather-specific specifications as provided in FAA 
and DOD specifications.  However, project specifications may provide different or additional requirements, 
and the Contractor should review the project specifications and adapt their CQCP accordingly. 

Hot weather concrete placement – FAA AC 150/5370 defines hot weather as periods when the maximum daily air 
temperature exceeds 85°F.  The American Concrete Institute (ACI) defines hot weather as conditions when (ACI 
305): 

1. The average daily air temperature is greater than 77°F (as determined using the average of the highest and 
lowest temperatures experienced from midnight to midnight) 

2. the air temperature for more than ½ of any 24-hour period is not less than 86°F. 

Precautions are necessary for placing concrete in hot weather because concrete mixtures can change in physical 
characteristics including (ACPA 2011): 

• Increased slump loss 
• Lower air contents 
• Increased rate of shrinkage and strength development 
• Plastic shrinkage cracking (due to accelerated surface drying), and 
• Thermal cracking 

FAA requires the Contractor to apply a Temperature Management Program (TMP) to ensure that hot weather does 
not adversely cause a change in concrete workability, durability or early distress.  Analysis tools, such as FHWA’s 
HIPERPAV, can be employed to support a TMP.  The tools need to include (FAA 2018):  

1. Anticipated tensile strains in the fresh concrete as related to heating and cooling of the concrete, 
2. Anticipated weather conditions such as ambient temperatures, wind velocity, relative humidity, and 

anticipated evaporation rate (using the figure included in PCA’s Design and Control of Concrete Mixtures) 
(Wilson and Tennis 2022), 
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3. Anticipated timing of initial joint sawing, and  
4. Anticipated number and type of saws to be used. 

A CQCP must clearly provide guidance for the crew directing operations that include batching, transporting, 
placing, finishing and curing in a manner that minimizes the potential risks. DOD UFGS 32 13 14.13 (May 2024) 
also limits the maximum allowable placement temperature based on the relative humidity. 

Construction QC strategies to consider for hot weather concrete paving include (ACPA 2011): 

• Place concrete pavement at night and allow time in the early morning for the concrete to set before 
afternoon heat. 

• Moisten the base diligently before placing concrete to help lower the temperature on the grade and reduce 
absorption. 

• Ensure enough equipment and personnel are on-site and available to support placing, finishing and sawing 
on the pace required by the concrete (which may be accelerated). 

• Employ fog sprayers or evaporative retardants to help prevent moisture loss from the concrete surface 
directly behind the paving machine. This strategy is particularly useful when evaporation rates are high due 
to the combination of higher air temperature, higher concrete temperature, low relative humidity, and 
higher wind speeds (above 10 mph). On DOD projects, the Contractor is required to record and report the 
evaporation rate hourly (DOD 2024). 

• Employ white pigmented curing compound to reflect heat once the concrete is in place. 
• Avoid using plastic sheeting to cover fresh concrete (unless required for a rain event). 

Concrete considerations for hot weather concrete operations include (ACPA 2011): 

• Include SCMs such as fly ash, slag, or natural pozzolans, or retarding admixtures in the mixture design 
phase (in anticipation of hot-weather paving). This may allow mixture adjustments without requiring a new 
mixture design, 

• Maintain the approved w/cm within the allowable limit and ensure admixture dosages are within the 
manufacturer’s recommended dosages (if adjusted), 

• Plan for additional testing to ensure that air contents are acceptable if admixture dosages are adjusted, 
• Increase the frequency of measuring and recording the fresh concrete temperature (on the grade ahead of 

the paver) to help with good decision-making on measures such as sprinkling the aggregates with water or 
employing chillers to cool the mixture water, 

• Monitor the temperature of cementitious products upon delivery to determine if these materials may 
contribute to a higher fresh concrete temperature, rapid set or accelerated strength gain, and 

• Paint the storage silos and batch plant components with a light color to minimize heat absorption from 
sunlight.  

Cold weather concrete placement – During cold weather—defined as temperatures below 50°F—the rate of the 
chemical reaction slows resulting in extended time for setting and slower (or little) strength development. The 
effects can be more pronounced with concrete containing Type IL cement and/or significant percentages of 
SCM’s. Because of the slowing in cement hydration, the FAA requires (unless otherwise approved by the RPR) to 
stop concrete production and placement when the air temperature in the shade and away from artificial heat 
drops to 40°F and to resume only when air temperature rises to 35°F (also in the shade and away from artificial 
heat) and is expected to continue to ascend. The concrete should be at least 50°F during placement.   
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For DOD projects, concrete placement must not start if the air temperature is below 35°F. Paving must stop if the 
temperature falls below 40°F. When the air temperature is under 50°F, the concrete must be maintained between 
50°F and 75°F when placed. 

A CQCP must clearly provide guidance for the crew directing operations that include batching, transporting, 
placing, finishing and curing in a manner that minimizes the potential risks from cold-weather. 

Construction QC strategies to consider for cold weather concrete paving include (ACPA 2011): 

• Stop production and placement activities if the air temperature at the site or on the base surface is less 
than 40°F, and when air temperatures are descending below 40°F. 

• Provide thermal blankets to cover the concrete and protect it from freezing. Ensure there are enough 
blankets for the area of exposed paving and means are available to secure the blankets once they are in 
place. 

• Place thermal blankets without delay once the temperature declines to the level halting production. Keep 
the blankets in place to maintain the concrete temperature above 50°F for at least 72 hours after the 
concrete was placed. Provide continuous monitoring of the concrete temperature and do not allow the 
concrete to freeze. Pay particular attention to protecting the slab corners and edges, as well as slabs with 
less mass (less than 10 inches thick). 

Concrete considerations for cold weather concrete operations include (ACPA 2011): 

• Provide a cold-weather mixture that has a lower SCM content and no-set retarding admixtures in 
anticipation of cold weather paving on a project. Such mixtures must go through the protocols for a mixture 
proportioning study and pass FAA or DOD requirements for ASR mitigation before use. (Note: Incorporating 
an accelerating admixture conforming to ASTM C494 Type C or E must be done as part of the concrete 
mixture proportioning study for a cold-weather mixture.) 

• Test for and adjust the air-entraining admixture dosage as needed to ensure the desired air content is still 
achieved at lower concrete temperatures. Any adjustment to the dosage must be done while maintaining 
the required water to cement ratio of the approved mixture. 

• Ensure aggregates are free of ice, snow or frozen particles before using them again when production 
resumes. This may require removing material from a sunlit side of a stockpile that thaws sooner. As an 
alternative, thaw aggregates with external heat, but do not heat them to greater than 150°F per FAA 
requirements (FAA 2018). 

Protecting concrete from rain – The Contractor should have plastic sheeting and steel side forms or wooden 
boards available to protect the surface and edges of a newly placed concrete pavement when it rains. If rain is 
expected and the concrete has not reached its final set (hardened), the crew should cover the surface with plastic 
sheeting as soon as possible. The sheets must be weighed down to prevent the wind from dislodging them. When 
it starts raining, a “rule of thumb” is to cover any fresh pavement to the point where the rain is not indenting the 
pavement surface. 

Rain may negatively impact unprotected concrete. Rain can wash away paste from the surface finish, and, in 
extreme conditions, weaken the integrity of the concrete (Figure 5.69). Rain can also cause rapid cooling of the 
slab surfaces inducing differential thermal stresses and an increased risk potential for cracking.   

A CQCP must clearly provide guidance directing the paving crew on what to do when rain is possible or is an 
imminent threat. Details on the guidance should include the type of protective covering, such as polyethylene 
sheeting or tarps, and the quantities that will be available on site.  
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Figure 5.69: Examples of rain damaged pavement. (Left) Slightly impacted surface from rain (source: Dave 

Rath). (Center) Scaled surface from severe rain damage (source: ACPA). (Right) Washed out edge from 
severe rain damage (source: ACPA). 

A light mist of rain can be beneficial to a concrete pavement because it provides a water cure, and the rain 
intensity does not erode the surface or wash cement out of the near surface (ACPA 2011).  When the rain intensity 
is sufficient to begin accumulating water on the surface or blemishing the surface of the finished concrete, paving 
should stop, and the pavement protected.  No additional surface finishing or texturing should be performed, as 
there is the potential for the water to be worked into the concrete, weakening the surface.  If concrete pavement is 
exposed to rain and the surface appears normal, it should be allowed to dry, and the curing compound reapplied.  
If rain damage is evident after the curing period, cores may be removed for petrographic analysis of the concrete’s 
w/cm ratio, air content, air-void spacing factor, and general appearance using ASTM C 856. Information from a 
petrographer may inform whether a weakened condition exists and what corrective actions to propose.  The DOD 
allows diamond grinding to fix minor rain damage. 

5.9. Grooving QC 

Diamond grooving on concrete airport pavements is performed to enhance surface friction, improve water 
drainage, and reduce the risk of hydroplaning, thereby increasing aircraft safety during takeoff and landing. This 
process involves cutting narrow, closely spaced grooves into the concrete surface, which channel water away and 
provide additional tire grip (Figure 5.70). For contractors, QC is essential to ensure proper groove depth, spacing, 
and alignment. Key considerations for the QC Manager include verifying groove dimensions per specifications, 
maintaining sharp and properly spaced cutting blades, preventing surface spalling, and ensuring clean, debris-
free grooves. Additionally, contractors should monitor equipment calibration and conduct periodic inspections to 
achieve optimal results. 

According to AC 150/5370-10H Item P-621 Saw-cut Grooves (FAA 2018), newly constructed concrete pavements 
must be cured for at least 30 days before grooving. If it can be shown that the pavement has gained sufficient 
strength sooner, grooving may proceed with the RPR’s approval.  

FAA’s standard dimensions for diamond grooving are: 

• Groove Width: 1/8 inch ± 1/64 inch   
• Groove Depth: 1/4 inch ± 1/16 inch   
• Groove Spacing: 1-1/2 inches ± 1/8 inch (center-to-center)   

The DOD’s UFGS 32 13.14.13 requirements are similar to FAA’s requirements, but have adopted trapezoidal 
grooving.  Grooves on runways are cut perpendicular to aircraft movement and on taxiways either perpendicular or 
parallel based on drainage and operational needs. They must be stopped about 6 inches from transverse joints.  



 Best Practices Manual:  Quality Control and Quality Acceptance of Airport Concrete Pavement 
 

Airport Concrete Pavement Technology Program  257 

  

Figure 5.70: Concrete grooving. (Left) Concrete grooving on airport pavement (source: IGGA). (Right) Close-
up of grooves showing water channeling (source: IGGA). 

FAA accepts grooves based on the measurement of the groove dimensions within five zones across the pavement 
width.  Acceptance measurements are made at least three times per day for each cutting head on each piece of 
grooving equipment. The zones for acceptance of grooving are spaced across the centerline of the pavement (FAA 
2018). 

The slurry generated from concrete grooving consists of a mixture of water, fine cementitious particles, and 
aggregate fines, which must be properly managed to prevent contamination of surrounding pavement and to 
maintain compliance with specifications. Typically, the slurry is collected using vacuum recovery systems on the 
grooving equipment or containment methods to prevent runoff into drains or adjacent areas. The slurry is 
transported to designated off-site disposal sites and treated through sedimentation and filtration processes.  

The QC Manager overseeing the grooving operation should spot check groove dimensions (depth, width, and 
spacing) to ensure the grooves meet project specifications. They should also verify proper slurry collection and 
disposal procedures and monitor groove cleanliness to prevent residue buildup that could affect pavement 
friction. In measuring groove dimensions, attention should be given to ensuring consistency of groove alignment 
and depth for runway safety effectiveness. 

Table 5.25 provides a checklist of activities to be performed before grooving, inspection items to be performed 
during the process, and QC measurements to be made after grooving.  



 Best Practices Manual:  Quality Control and Quality Acceptance of Airport Concrete Pavement 
 

Airport Concrete Pavement Technology Program  258 

Table 5.25: QC items to be performed for grooving of concrete airport pavements. 

Checklist 

✔ Verify that grooving equipment is operational.  
✔ Verify that equipment and blades meet specification requirements. 
✔ Verify that the vacuum recovery system on the grooving equipment is functioning properly. 

Inspection Items 

● Monitor whether grooves are filling with residue or slurry buildup. 
● Verify that grooves are not closer than 6 in. from transverse joints or light cans. 

QC Measurements 

● Verify that the grooves meet the required width, depth and spacing dimensions. 
● None, but ensure grooved surface matches that of approved control/test strip.  

 
5.10. Smoothness QC 

To build smooth concrete pavements many factors come into play. Often, smoothness is considered the 
surrogate measure of a contractor’s attention to detail on all other quality and acceptance factors. This may or 
may not be true for each project, but it is well established that smoothness is influenced by QC effectiveness on 
nearly every aspect of the construction process, including (ACPA 2015b): 

1. Planning and Communication: Good planning and communication among the paving team (plant site, 
paving site, concrete haulers and others) is vital. This includes internal meetings, pre-construction 
meetings, and pre-paving meetings to discuss all quality aspects of the project. 

2. Accurate Field Survey and Controls: Whether using forms or slipform paving, the accuracy of the field 
survey is crucial. Proper stringline setup and sensor tuning on the paver are essential to avoid roughness. 

3. Grade Preparation: The grade tolerances, form line, and track line need proper preparation to ensure the 
forms and paving machine work optimally. Stability of the subgrade/subbase is the primary objective. 

4. Proper Form Setup: When using side forms, they must be set up properly to produce the best quality 
results. The forms should be straight, well-maintained, and fully supported to avoid deflection or bending. 

5. Consistent Workability and Appropriate Concrete Mixture: A well-proportioned and appropriate 
concrete mixture is crucial. This includes dialing in the mixture with trial batching, optimizing materials, 
managing aggregates properly, fine tuning the mixture to the paving machine, and adjusting as necessary 
with process control. 

6. Deliver and place concrete consistently: Ensuring a consistent and steady delivery of concrete is crucial 
for maintaining smoothness. This involves coordinating the timing and placement of concrete to avoid 
interruptions and inconsistencies. 

7. Set-up and operate the paver steadily: Proper setup and steady operation of the slipform paver are 
essential. This includes aligning and adjusting the profile pan, sensors, vibration controls and over-building 
for edge slump consideration. 

8. Fasten dowels/reinforcing securely and use bump-free headers: Securely fastening dowels and 
reinforcing bars, and using construction joints that are free of bumps, help maintain the smoothness of the 
pavement at these critical junctures. 

9. Use only necessary and appropriate finishing techniques: Applying only the necessary finishing 
techniques ensures that the surface can be free of imperfections but not compromised by the process. 
Over-finishing can lead to weakened surfaces. 





















http://overlays.acpa.org/Downloads/RT/RT6.01.pdf
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https://www.fhwa.dot.gov/construction/t61203.cfm
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3.2  Concrete Pavement 

3.2.1 Protection of pavement, pavement strength, and staging of construction 

[Note to Plan Writer: Describe methods that will be used to protect the pavement and staging approaches used 
during construction. Include information on means to stage the work, protect newly placed pavement to ensure 
curing and prevent premature loads being applied. Describe the means for determining the strength of newly 
placed pavement, including methods for evaluating estimated strength (such as maturity methods).  Provide 
information on how the strength measurements/estimates will used to inform construction staging, the schedule 
of placement, and allowing early-age traffic on new pavement.  See Section 5.6.4.1 and Section 5.6.4.5 of Best 
Practices Manual: Quality Control and Quality Acceptance of Airport Concrete Pavement for guidance to support 
development of this section of the CQCP.] 

3.2.2 Staking and stringline, or stringless paving 

[Note to Plan Writer: Describe methods that will be used to set reference hubs, confirm alignment and elevation, 
and address issues with disturbed hubs.  For stringline paving systems, provide information on how strings will be 
established, support stakes will be placed, and the stringline maintained taut and in the appropriate alignment 
within tolerances.  Provide information on protecting, maintaining, and rechecking the stringline. For stringless 
paving, provide information on how control points will be established, protected, maintained, and checked.  
Describe how stringless equipment will be used, including performing automated surveying of the projet to build 
the terrain model, developing the model, error-checking the model, setting up the instrumentation, moving the 
paving machine into position, and checking communication between instruments.  See Section 5.6.4.6 of Best 
Practices Manual: Quality Control and Quality Acceptance of Airport Concrete Pavement for guidance to support 
development of this section of the CQCP.] 

3.2.3 Dowels and dowel baskets 

[Note to Plan Writer: Describe methods that will be used to ensure that dowels and dowel baskets are installed at 
the appropriate locations at the alignment and position required, within tolerances.  Provide information on how 
basket positioning is denoted to guide joint sawcutting. See Section 5.6.4.7 of Best Practices Manual: Quality 
Control and Quality Acceptance of Airport Concrete Pavement for guidance to support development of this 
section of the CQCP.] 

3.2.4 Dowel bars in drilled holes 

[Note to Plan Writer: Describe methods that will be used to locate and drill hoels for installation of dowels in 
hardened concrete.  Include information on the drills to be used, timing, hole diameter/depth, and cleaning of 
holes.  Provide information on the epoxy to be used, backfill injection method, quantity, cure time, and other 
details regarding the procedure to be used.  Also provide information on QC inspection, documentation, and 
addressing issues that may be encountered. See Section 5.6.4.8 of Best Practices Manual: Quality Control and 
Quality Acceptance of Airport Concrete Pavement for guidance to support development of this section of the 
CQCP.] 

3.2.5 Dowel bar insertion 

[Note to Plan Writer: Automatic dowel bar insertion technology is available on some paving machines.  However, 
this approach is not often used in airport concrete pavement construction.  See Section 5.6.4.9 of Best Practices 
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Manual: Quality Control and Quality Acceptance of Airport Concrete Pavement for guidance to support 
development of this section of the CQCP.] 

4.0 QUALITY CONTROL TESTING AND INSPECTION 

[Note to Plan Writer: In the sections below, describe the procedures below for QC sampling and testing of the 
materials used to produce concrete and concrete pavement.]  

4.1 Lot and Sublot Sizes 

[Note to Plan Writer: Describe the lot and sublot plans to be used on the project, including separate consideration 
of material types, test types, point of sampling, testing frequency or timing requirements, and other pertinent 
information. Provide information on how partial lots will be handled in the sampling, inspection, and testing plan. 
Be sure to include the tests required for measuring the as-built pavement (hardened concrete) as well as tests 
taken from samples of fresh (plastic) concrete.] 

4.2 Random Sampling Plan 

[Note to Plan Writer: Modify the general description of the random sampling plan below, as appropriate.  Provide 
documents related to random sampling in an Appendix.] 

<Insert Company Name> will establish a random sampling plan for QC of each material prior to use. All samples 
will be obtained randomly in accordance with ASTM D3665.  The random sample for each Sublot will be 
determined by slab ID, X coordinate (transverse) and Y coordinate (longitudinal distance from reference) within the 
sublot.   

All random sample locations will be documented on standard test report form <insert report name>. The random 
sampling form is located in Appendix X.  

<Insert Company Name> will provide a copy of the random sampling locations for each paving segment to QA 
personnel daily. 

4.3 Sample Identification System 

[Note to Plan Writer: Modify the description of sample identification system below, as appropriate.] 

All material samples will be clearly identified as follows:  
• Project segment (1, 2, 3)  
• Material type  
• Sample type (i.e., QC test, informational test, etc.) and random/nonrandom  
• Lot number and Sublot number  
• Sample location (i.e., pavement location, slab ID)  
• Slab ID, X and Y coordinates 
• Sample date  
• Technician or inspector 



 Best Practices Manual:  Quality Control and Quality Acceptance of Airport Concrete Pavement 
 

Airport Concrete Pavement Technology Program  A-15 

4.4 Quality Control Testing Requirements 

[Note to Plan Writer: Add subsections below for each pavement feature required under the contract. This model 
plan only includes items related to the concrete pavement. The contract may require QC testing for other 
elements, such as subgrade soils or base layers. Add additional items, as appropriate.] 

Describe the specific requirements (quality characteristics, frequency, location, methods) for QC sampling and 
testing of each item in the subsections and table below.  

4.4.1 Aggregates  

[Note to Plan Writer: Add information on aggregate quality characteristics, test methods, lot sizes, sublot sizes, 
test frequencies, points of sampling, and sampling methods as appropriate for aggregates. The table below is an 
example for developing a CQCP project-specific testing schedule. Sampling and testing frequencies should be 
appropriate for the project and type of work. When developing the QC testing requirements consider other factors 
such as: project size, project duration, and staging. Adjust the CQCP testing plan and description accordingly.] 

Table A.1: Example coarse and fine aggregates sampling and testing table. 

QC Purpose Sampling Location 
Sampling Frequency in 

Production 
Sampling Method / Intent 

Test 
Method 

Time to Run Control Report Type 

Spot Test 
Aggregate 
Supplier 

From supplier's 
load out stockpile 

Every 250 tons until 
trend is established at 

project outset then 
random and 

unannounced for 
verification 

Sieve Analysis -- to 
establish compliance with 

the tolerance limits 
ASTM C136 1-2 hrs. 

Internal Control Chart -
OR- Tabular Data 

Report 

Spot Test 
Aggregate 
Supplier 

From supplier's 
load out stockpile 

Every 250 tons until 
trend is established at 

project outset then 
random and 

unannounced for 
verification 

Decantation -- to monitor 
minus No. 200 sieve 

tolerance and establish 
baseline for aggregate 

degradation prior to 
transport/stockpiling at 

concrete plant 

ASTM C117 1 hr. 
Internal Control Chart -

OR- Tabular Data 
Report 

Spot Test 
Aggregate 
Supplier 

From supplier's 
load out stockpile 

Every 250 tons until 
trend is established at 

project outset then 
random and 

unannounced for 
verification 

Specific Gravity -- to 
monitor for changes in 

source material by supplier 
ASTM C127 36 hrs. 

Internal Control Chart -
OR- Tabular Data 

Report 

Spot Test 
Aggregate 
Supplier 

From supplier's 
load out stockpile 

Every 250 tons until 
trend is established at 

project outset then 
random and 

unannounced for 
verification 

Organic Impurities -- to 
monitor for organic 

contaminates 
ASTM C40 24 hrs. 

Internal Control Chart -
OR- Tabular Data 

Report 

Establish 
Aggregate 
Controls 

From concrete 
plant site stockpile 

Every 50-100 tons until 
trend is established then 

every 500 tons 

Sieve Analysis -- to verify 
compliance with the 
tolerance limits after 

transport and handling 

ASTM C136 1-2 hrs. 
Internal Control Chart -

OR- Tabular Data 
Report 
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QC Purpose Sampling Location Sampling Frequency in 
Production 

Sampling Method / Intent Test 
Method 

Time to Run Control Report Type 

Establish 
Aggregate 
Controls 

From concrete 
plant site stockpile 

Every 50-100 tons until 
trend is established then 

every 500 tons 

Workability Factor (WF) 
and Coarseness Factor 

(CF) --  to establish 
workability control 

Refer to 
Special 

Topic Brief 
5 in 

Appendix F 

Refer to 
Special Topic 

Brief 5 in 
Appendix F 

Internal Control Chart -
OR- Tabular Data 

Report 

Establish 
Aggregate 
Controls 

From concrete 
plant site stockpile 

Every 50-100 tons until 
trend is established then 

every 500 tons 

Decantation -- to monitor 
for dirty aggregate and to 

check minus 200 material 
level against baseline from 

supplier-side tests 

ASTM C117 1 hr. 
Internal Control Chart -

OR- Tabular Data 
Report 

Establish 
Aggregate 
Controls 

From concrete 
plant site stockpile 

Every 50-100 tons until 
trend is established then 

every 500 tons 

Sand Equivalent Test -- to 
measure the relative 

proportions of undesirable 
fines in the aggregate from 

the stockpile 

ASTM 
D2419 

45 min. 
Internal Control Chart -

OR- Tabular Data 
Report 

Establish 
Aggregate 
Controls 

From concrete 
plant site stockpile 

Twice per day (prior to 
morning shift and at 
midday or mid-shift) 

Moisture Content of 
Aggregate by Drying -- to 

monitor changes from 
ambient conditions or 

addition of new stockpile 
material; and to calibrate 

handheld moisture probes 

ASTM C566 15-20 min. 
Internal Control Chart -

OR- Tabular Data 
Report 

Establish 
Aggregate 
Controls 

From concrete 
plant site stockpile 

As Needed 

Moisture Content by 
Probe -- to provide 

frequent monitoring for 
changes throughout the 
day or as stockpiles are 

depleted 

Handheld 
Moisture 

Probe 
5 min. 

Internal Control Chart -
OR- Tabular Data 

Report 

Establish 
Aggregate 
Controls 

Discharge gate of 
storage bins or 
conveyor belt 

Every 50-100 tons until 
trend is established then 

every 500 tons 

Workability Factor (WF) 
and Coarseness Factor 

(CF) -- to establish 
concrete workability 

control 

Refer to 
Special 

Topic Brief 
5 in 

Appendix F 

Refer to 
Special Topic 

Brief 5 in 
Appendix F 

Internal Control Chart 

Aggregate 
Compliance 

From discharge 
gate of storage bins 

or conveyor belt 

At Least twice daily (FAA) 
Two per lot 

(DOD) 

Sieve Analysis -- random 
sampling for reporting to 

agency during production 
ASTM C136 1-2 hrs. 

Internal Control Chart -
OR- Tabular Data 

Report 

Aggregate 
Compliance 

From discharge 
gate of storage bins 

or conveyor belt 

At Least twice daily (FAA) 
Two per lot 

(DOD) 

Moisture content -- 
random sampling for 

reporting to agency during 
production 

ASTM C566 15-20 min. 
Internal Control Chart -

OR- Tabular Data 
Report 

Aggregate 
Compliance 

Stockpile -OR- 
Discharge gate of 

storage bins or 
conveyor belt 

Prior to production of 
test/control strip -AND- 
At least every 30 days 

(FAA); 
1 per 10 gradations 

(DOD) 

Deleterious substances – 
random sampling for 

reporting to agency during 
production 

ASTM C117 1-2 hrs. Tabular Data Report 
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QC Purpose Sampling Location Sampling Frequency in 
Production 

Sampling Method / Intent Test 
Method 

Time to Run Control Report Type 

Aggregate 
Compliance 

Stockpile -OR- 
Discharge gate of 

storage bins or 
conveyor belt 

Prior to production of 
test/control strip -AND- 
At least every 30 days 

(FAA); 
1 per 10 gradations 

(DOD) 

Deleterious substances – 
random sampling for 

reporting to agency during 
production 

ASTM C123 2-3 hrs. Tabular Data Report 

Aggregate 
Compliance 

Stockpile -OR- 
Discharge gate of 

storage bins or 
conveyor belt 

Prior to production of 
test/control strip -AND- 
At least every 30 days 

(FAA); 
1 per 10 gradations 

(DOD) 

Deleterious substances – 
random sampling for 

reporting to agency during 
production 

ASTM C142 4-6 hrs. Tabular Data Report 

Aggregate 
Compliance 

Discharge gate of 
storage bins or 
conveyor belt 

At Least twice daily (FAA) 
Two per lot 

(DOD) 

Workability Factor (WF) 
and Coarseness Factor 

(CF) -- to monitor for 
concrete workability 

control 

Refer to 
Special 

Topic Brief 
5 in 

Appendix F 

Refer to 
Special Topic 

Brief 5 in 
Appendix F 

Internal Control Chart 

4.4.2 Concrete 

[Note to Plan Writer: Add information on concrete quality characteristics, test methods, lot sizes, sublot sizes, test 
frequencies, points of sampling, and sampling methods as appropriate for concrete. The table below is an 
example for developing a CQCP project-specific testing schedule. Sampling and testing frequencies should be 
appropriate for the project and type of work. When developing the QC testing requirements consider other factors 
such as: project size, project duration, and staging. Adjust the CQCP testing plan and description accordingly.] 
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Table A.2: Example concrete sampling and testing table. 

QC Purpose Sampling 
Location 

Sampling 
Frequency in 
Production 

Sampling Method / Intent Test Method Time to 
Run 

Control 
Report Type 

Concrete 
Controls & 

Compliance 

Fresh concrete at 
plant before 

transport 

One per sublot 
(FAA) 

Four per lot 
(DOD) 

Air content -- at start of shift and 
then random 

ASTM C231 10-15 min. 
Control 
Chart  

Concrete 
Controls & 

Compliance 

Fresh concrete at 
plant before 

transport 

One per sublot 
(FAA) 

Four per lot 
(DOD) 

Workability / Slump -- at start of 
shift and then random for 

monitoring 
ASTM C143 5-10 min. 

Control 
Chart  

Concrete 
Controls & 

Compliance 

From fresh 
concrete 

discharged 
ahead of paver 

(per ASTM C172) 

One per sublot 
(FAA) 

Four per lot 
(DOD) 

Temperature -- at start of shift 
and then when test specimens 

prepared 
ASTM C1064 2-5 min. 

Control 
Chart  

Concrete 
Controls & 

Compliance 

From fresh 
concrete 

discharged 
ahead of paver 

(per ASTM C172) 

One per sublot 
(FAA) 

Four per lot 
(DOD) 

Air content -- at start of shift and 
then random for monitoring ASTM C231 10-15 min. 

Control 
Chart  

Concrete 
Controls & 

Compliance 

From fresh 
concrete 

discharged 
ahead of paver 

(per ASTM C172) 

One per sublot 
(FAA) 

Four per lot 
(DOD) 

Unit weight and Yield -- at start 
of shift and then random for 

monitoring 
ASTM C138 15-20 min. 

Control 
Chart  

Concrete 
Controls & 

Compliance 

Position 
embedded 

sensors 
strategically 

Position 
embedded 

sensors 
strategically 

Maturity -- Continuous 
monitoring as needed for 

operation decisions in sawing, 
dowel hole drilling and staging 

ASTM C1074 Variable 
Tabular 
Report 

Monitor 
Hardened 
Concrete 
Results 

From fresh 
concrete 

discharged 
ahead of paver 

(per ASTM C172) 

One per sublot 
(FAA) 

Eight per lot 
(DOD) 

Flexural Strength -- 4 sublots per 
2000 cy for reporting to agency 

during production 
ASTM C78 

X Days 
(depends 

on test age) 

Tabular 
Report 

Monitor 
Hardened 
Concrete 
Results 

From fresh 
concrete 

discharged 
ahead of paver 

(per ASTM C172) 

One per sublot 
(FAA) 

Eight per lot 
(DOD) 

Compressive Strength -- 4 
sublots per 2000 cy for reporting 
to agency (as alternate to flexural 

strength) 

ASTM C39 
X Days 

(depends 
on test age) 

Tabular 
Report 

 
[Note to Plan Writer: Include information that describes the contractor’s plan to prepare and handle all required 
samples plus additional samples for testing (as applicable) for testing if a dispute arises.  Include information on 
field curing, handling, protection, and testing facilities for QC and QA specimens. Describe storage, temperature 
control, moisture control, security provisions, and transport methods. Include information on curing conditions at 
the laboratory.] 

4.4.3 Concrete Pavement 

[Note to Plan Writer: Add information on concrete pavement characteristics, test methods, lot sizes, and sublot 
sizes, as appropriate. The table below is an example for developing a CQCP project-specific testing schedule. 
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Testing frequencies should be appropriate for the project and type of work. When developing the QC testing 
requirements consider other factors such as: project size, project duration, and staging. Adjust the CQCP testing 
plan and description accordingly.] 

Table A.3: Example concrete pavement sampling and testing table. 

QC Purpose 
Sampling 
Location 

Sampling Frequency 
in Production 

Sampling Method / Intent Test Method 
Time to 

Run 
Control 

Report Type 

Monitor As-
Built Pavement 

Random per RPR One per sublot 

Thickness -- From 
hardened pavement for 

reporting to agency during 
production 

ASTM C174 
15-30 min. 

per core 
Tabular 
Report 

Monitor As-
Built Pavement 

See guidance 
provided in 

Special Topic 
Brief 7, 

“Guideline for 
Pavement 

Surface and Edge 
Testing by 

Straightedge” 
(Appendix H) 

See guidance provided 
in Special Topic Brief 7, 

“Guideline for 
Pavement Surface and 

Edge Testing by 
Straightedge” 
(Appendix H) 

Smoothness -- Daily, for 
identifying and reporting 

out-of-tolerance deviations 
and overall smoothness 

index 

California 
profilograph  

-- 
Tabular 
Report 

Monitor As-
Built Pavement 

See guidance 
provided in 

Special Topic 
Brief 7, 

“Guideline for 
Pavement 

Surface and Edge 
Testing by 

Straightedge” 
(Appendix H) 

See guidance provided 
in Special Topic Brief 7, 

“Guideline for 
Pavement Surface and 

Edge Testing by 
Straightedge” 
(Appendix H) 

Edge Slump -- Daily, for 
identifying and reporting 

out-of-tolerance deviations 
Straight-edge -- 

Tabular 
Report 

Monitor As-
Built Pavement 

See guidance 
provided in 

Special Topic 
Brief 7, 

“Guideline for 
Pavement 

Surface and Edge 
Testing by 

Straightedge” 
(Appendix H) 

See guidance provided 
in Special Topic Brief 7, 

“Guideline for 
Pavement Surface and 

Edge Testing by 
Straightedge” 
(Appendix H) 

Joint Face Deformation - - 
Daily, for identifying and 

reporting out-of-tolerance 
deviations 

Straight-edge -- 
Tabular 
Report 

Monitor As-
Built Pavement 

As a minimum at 
center and edges 

of paving lane, 
and longitudinal 

spacing as shown 
on cross-

sections and 
plans 

As a minimum at 
center and edges of 

paving lane, and 
longitudinal spacing as 

shown on cross-
sections and plans 

Grade Elevation -- Daily, 
for identifying and reporting 

out-of-tolerance surfaces 
Survey -- 

Tabular 
Report 

 

4.5 Quality Control Inspection 

All QC inspection of the concrete pavements will be documented on the <insert report name(s) or provide a list>. A 
copy of the form(s) are found in Appendix X. 
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Appendix B: Special Topic Brief 1 - Preparations for Executing an Airport 
Concrete Pavement Project (Under FAA P-501 or UFGS 32 13 14.13 
Specifications) 

Overview 

Some commercial-service airport construction projects may not be complex or involve rigorous requirements, but 
commercial runway and taxiway construction, as well as airfield construction for DoD projects requires the 
highest standard of concrete pavement quality control (QC).  However, sometimes contracts are awarded to 
general contractors or paving contractors without any history of successful airport pavement construction or 
without any experience working under FAA or DOD requirements. Experienced paving contractors also may on 
occasion employ inexperienced earthwork and sawing subcontractors, material and aggregate suppliers or testing 
laboratories that have not supported an airport construction project. Both the FAA P-501 and UFGS 32 13 14.13 
specifications provide detailed requirements affecting the steps that a contractor must undertake to prepare for 
the successful execution under an airport construction contract.  

The purpose of this guide is to cover various aspects required in preparing for project planning, resource 
mobilization, quality control (QC), and communication strategies. The guide includes important core principles for 
any contractor stepping into the realm of airport pavement construction. For the experienced contractor, this 
information serves as useful training for new personnel and as a helpful reminder to account for all that airport 
construction entails when bidding on FAA or DoD projects. 

Preparation Starts Before Submitting the Bid 

Preparing a bid for an airport paving project requires a strategic and proactive approach by the contractor to 
significantly enhance the chances of success. When a contractor bids on work without fully appreciating the 
requirements or without familiarity with the site or specifications, they risk the solvency of their entire company. 
Bidding assumptions made that rely on the wrong equipment, the assumed availability of acceptable materials, 
and no regard to the required QC staff are a step toward elevated risk to the contractor and the government 
agency. 

The bidding process for large construction projects is highly competitive, and it requires thorough and detailed 
preparation to stand out among competitors. By investing time and effort in pre-bid preparations, a contractor can 
demonstrate a comprehensive understanding of the project requirements, highlight relevant experience, and 
present a well-thought-out plan for project execution. This proactive approach not only positions the contractor as 
a reliable and knowledgeable partner to the Owner, but also allows them to identify potential challenges and 
devise effective solutions, giving them a competitive edge. 

The contractor should take advantage of a pre-bid site visit to fully appreciate the environment they will be 
expected to work in. This is also the point in time to submit pre-bid requests for information if the specifications or 
plans are not clear, or potential conflicts are discovered. Pre-bid requests for information and their responses are 
available to all bidders, leveling the playing field and avoiding costly errors in bidding assumptions. However, pre-
bid questions are often not submitted since the soliciting entity must share them with all bidders and a contractor 
may not want to divulge their discovery.  It is a gamble in the bidding process, whether the contractor can work out 
the issue after the award or whether the issue may prevent them from winning the contract in the first place.  Either 
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Appendix D: Special Topic Brief 3 - Concrete Aggregate Acquisition and 
Stockpile Management for Airport Pavement Construction 

Overview 

It is well established that aggregate consistency is an important factor in concrete pavement quality (ACI, 2007).  
Achieving aggregate consistency starts with crushing and screening operations and extends to aggregate 
transportation and management (from the point of manufacturing to the point of placing).  This is true no matter 
which structural element—surface, base or drainage layer—the aggregates are intended for use in, because these 
layers are made mostly from aggregate materials.  As such, the principles in this guideline, while centered around 
aggregate acquisition and stockpile management for concrete pavement surface layers, also may be applied to 
aggregates for other uses and layers in a pavement structure. 

Over the past quarter century, aggregate durability, grading and selection have perhaps received more attention 
for their impact on airport concrete pavement quality than any other factor.  The coarseness factor chart, 0.45 
power curve and other tools have become standard means to design aggregate gradings intended for airport 
pavement construction (ACPA 2015).  Some newer technology, which may soon be introduced into airport 
construction under the framework of “performance engineered mixtures” also focuses on aggregate qualities 
(Gross, et al 2022).  However, even with detailed concrete mixture design, careful combined aggregate grading, 
and other preparations, experience shows that poor aggregate handling and management may introduce 
variability into concrete aggregates which results in poor workability for placement and finishing, weakened 
surface issues and increased potential for foreign object debris (FOD). 

For concrete aggregates, minimizing variability must begin with attention to detail during acquisition of the 
material and continue through placement of the aggregates in the concrete plant. Variability may be easily 
introduced at any point along this chain of handling unless the people involved are knowledgeable on what to look 
for and how to control variability (ACPA 2015). Sources of variability may be introduced in manufacturing at the 
crusher, during transportation to the project site and introduced into the concrete because of a lack of inspection 
or testing of the material when it is delivered. Other causes may include project site handling, regardless of 
distance, including loading and unloading, stockpile operations and a lack of visual validation of the material for 
color, moisture, texture and segregation that might be clues to variability. The operator of the loader, either at 
points of change in transport modes or at the stockpile(s) by the concrete plant is in control of many proactive 
means of identifying and minimizing aggregate variability.  

This guideline reviews fundamentals and discusses quality control testing regimes and means and methods to 
identify and manage variability in aggregate gradations.  This guide does not discuss aggregate selection and 
prequalification durability testing, which are also important.  This guide emphasizes that aggregate quality 
considerations do not end with the upfront planning and testing to meet the Owner’s requirements.  Aggregate 
quality considerations extend to the Contractor’s obligations during production paving.  First, to verify that the 
supplier is meeting the approved and agreed aggregate quality levels, and then to institute effective internal quality 
control measures on aggregate materials that ensures the paving crew is placing quality concrete.  

Fundamentals 

Aggregates are mineral materials (sand, gravel or crushed stone).  By strict definition in ASTM C33, aggregates can 
either be coarse or fine.  Coarse aggregate particles are larger than 4.75 mm (roughly 3/16 in.) and include such 
materials as gravel, crushed gravel, crushed stone, air-cooled blast furnace slag, crushed hydraulic-cement 
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concrete, or a combination thereof.  Fine aggregate particles are 4.75 mm (roughly 3/16 in.) or smaller and include 
such materials as natural sand, manufactured sand, or a combination thereof.  In practice, the term intermediate 
size gradation (not an official ASTM term) also refers to a blend of particles falling mostly within the smaller sizes of 
coarse particles and/or the larger sizes of fine particles. Collectively, aggregates occupy the most volume in 
concrete and play a vital role in its properties and quality in airport pavement installations. 

Coarse or fine aggregates are either natural or waste from materials processing.  Natural aggregates are mined 
from sedimentary formations (river gravel, sand or pozzolans) or extracted from quarried stone.  The quarried 
materials are reduced to specified sizes by mechanical crushing and screening.  Materials that are the byproduct 
of a process, such as crusher operations or metallurgical operations (e.g. slag) are manufactured.  While 
manufactured materials are available, most of the aggregates for airfield pavement construction are from natural 
sources.   Current trends suggest that the use of natural materials may change as natural sources dwindle or the 
remaining material declines in quality.  

Aggregate Sources – There are three geological classifications, metamorphic (transformed by heat, pressure or 
other means), igneous (from volcanic action) and sedimentary (deposited by water or air), of natural aggregates 
(MSA 2023).  Each has numerous subtypes.  The common manufactured aggregates include recycled (crushed) 
concrete, manufactured sands (a fine aggregate produced when crushing natural aggregates or producing 
recycled concrete aggregate) and slag (waste from metallurgical processing).  Table D.1 provides a list of 
aggregates by category.  

Table D.1: Natural and manmade aggregate sources (ACPA 2015). 

Natural Aggregate 
Source 

Example of Natural Aggregate 
Source 

Manmade Aggregate 
Source 

Example of Manmade Aggregate 
Source 

Metamorphic 

• Slate  
• Marble 
• Metaquartzite 
• Phylite 
• Schist 
• Amphibolite 
• Hornfels 
• Gneiss 
• Serpentinite 

Recycled Pavement 
Materials 

• Concrete 
• Asphalt 

Igneous 

• Granite 
• Basalt 
• Syenite 
• Diorite 
• Gabbro 
• Peridotite 
• Pegmatite 
• Volcanic Glasses 
• Felsite 

Crushing Waste 
• Manufactured Sand 
• Intermediate Chips 

Sedimentary 

• Sandstone 
• Carbonates: 

o Limestone 
o Dolomite 

• Claystone 
• Siltstone 
• Argilite 
• Shale 

Chert 

Other 

• Slag Aggregate 
(Limited regionally) 

• Lightweight Aggregate  
(Partial replacement of fine 
aggregate for internal curing) 
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Natural aggregates are produced in a quarry or mine by either blasting or digging rock from quarry walls; dredging 
may also be used to extract natural aggregate, but this method has grown less common.  Large pieces are reduced 
in size using a series of crushers and screens and then the aggregate manufacturer may wash the aggregate before 
stockpiling the graded materials by size to sell to material producers or contractors. Stockpiled materials, the 
product of crushing, blending and washing, are shipped for use on a project by truck, train, barge or a combination 
of these modes. The “load-out process”, for aggregate combinations, is rarely discussed between Contractor and 
quarry or mine owner. And yet, arguably the largest loss of aggregate (particle size reduction or “degradation”) 
occurs during source loading, transport, site unloading and stockpiling. 

Basic Aggregate Knowledge for Quality Concrete – Aggregates are not just piles of rock and sand.  They are 
engineered products that must meet specified requirements and are quite complex when the acquisition phase 
occurs.  The quality and durability of the materials are specified for assurance that pavement life will be consistent 
with the structural design expectation. In addition, particle size, shape, and combined gradation bands (sieve 
sizes) are specified to directly impact load capacity and workability (ACPA 2011). 

Combined gradations describe the particle size distribution of aggregate of multiple sizes (see Figure D.1).  
Gradations are determined by a sieve analysis.  In a sieve analysis, a sample of dry aggregate of known weight is 
separated through a series of specified sieves with progressively smaller openings. The weight of particles 
retained on each sieve is measured and compared to the total sample weight.  Particle size distribution is then 
expressed as a percent retained by weight on each sieve size.  When sieving aggregates intended for use in 
concrete, the aggregates must first be washed and the material finer than the #200 sieve is determined using ASTM 
C117; then the aggregates are dried, and the procedure follows ASTM C 136. 

A uniformly graded aggregate describes a material where the difference between the maximum and smallest size 
particle is within a limited distribution of the sieve sizes (mostly the same size).  This is most encountered in the 
coarse aggregate component for concrete, although it can also occur in the fine aggregate.  Uniformly graded 
materials are not ideal for use as a concrete aggregate because they provide few points of aggregate-to-aggregate 
particle contact, poor interlock and higher likelihood of voids in the concrete.  These materials also significantly 
impact concrete workability, as mixtures with more void space between aggregate particles require more paste to 
fill in those gaps to achieve an effective concrete workability for paving. 

Using a uniformly graded aggregate also induces a higher probability for creating a gap-grading in the combined 
gradation of the coarse and fine aggregates (two or more consecutive sieve sizes will be missing within the 
combined distribution). Gap-grading in the combined aggregate usually results in pockets of both marginal 
strength and marginal aggregate interlock in a conventional concrete mixture. Gap-graded aggregates may be 
specified for a permeable drainage layer but should otherwise be avoided for concrete pavement mixtures. 

Well-graded aggregate describes a material where sufficient particles are found on all sieve sizes, such that when 
the aggregate is used in concrete it usually results in a matrix with good particle interlock, strength potential, 
volume of economy, workability and extrusion integrity.  Airport specifications target a controlled combination of 
coarse- and fine-grained material that is well-graded and exhibits these desired attributes.  
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Figure D.1: Sieve analysis and the basic characteristics of gradations (adapted from ACPA 2015). 

Along with gradation, aggregate particle shape is also important.  Rounded and cubic, sub-angular particles are 
better than elongated ones for consolidation in concrete for paving applications.  Concrete workability is affected 
because particle shape and texture affect the volume of cement paste needed to sufficiently coat particles to 
provide lubrication for particle movement during placement and vibration when the concrete is plastic.  The ability 
of the cement paste to provide lubrication for workability depends upon its viscosity, as well as volume (to coat 
aggregate particles).  Because rounded and cubic particles pack together with less interference than elongated 
particles, they respond easier to consolidation (through vibration energy) to produce a workable paving mixture 
(see Figure D.2). 

 
Figure D.2: How particle shape affects paste volume and consolidation (adapted from ACPA 2015). 

Aggregates occupy the largest volume of a concrete mixture and influence nearly all the important physical 
properties of concrete: 

• Durability – freeze thaw and alkali reactions. 
• Uniformity – paste volume per lineal foot of paving. 
• Smoothness – minimizing adjustments by paving machine. 
• Workability – how easily the concrete consolidates. 
• Finishing – how easy it is to “close” the surface. 
• Sawing – how difficult it is to cut. 
• Thermal expansion/contraction – sensitivity to cracking. 







































https://www.concrete.org/Portals/0/Files/PDF/E1_07.PDF


https://www.civilengineeringforum.me/origin-classification-aggregates/
https://rosap.ntl.bts.gov/view/dot/23931
https://cdn-wordpress.webspec.cloud/intrans.iastate.edu/uploads/2023/04/performance-engineered_concrete_paving_mixtures_w_cvr.pdf
https://cdn-wordpress.webspec.cloud/intrans.iastate.edu/uploads/2023/04/performance-engineered_concrete_paving_mixtures_w_cvr.pdf
https://cdn-wordpress.webspec.cloud/intrans.iastate.edu/uploads/2023/04/performance-engineered_concrete_paving_mixtures_w_cvr.pdf
http://www.nla.org.za/webfiles/conferences/2019/Proceedings/Manuscripts/Monday%2C%2016%20September%202019/M304%20-%20Rapid%20Determination%20of%20Residual%20Moisture%20Content%20in%20Asphalt%20using%20Microwave%20Ovens_peer%20reviewed.pdf
http://www.nla.org.za/webfiles/conferences/2019/Proceedings/Manuscripts/Monday%2C%2016%20September%202019/M304%20-%20Rapid%20Determination%20of%20Residual%20Moisture%20Content%20in%20Asphalt%20using%20Microwave%20Ovens_peer%20reviewed.pdf
http://www.nla.org.za/webfiles/conferences/2019/Proceedings/Manuscripts/Monday%2C%2016%20September%202019/M304%20-%20Rapid%20Determination%20of%20Residual%20Moisture%20Content%20in%20Asphalt%20using%20Microwave%20Ovens_peer%20reviewed.pdf
http://www.nla.org.za/webfiles/conferences/2019/Proceedings/Manuscripts/Monday%2C%2016%20September%202019/M304%20-%20Rapid%20Determination%20of%20Residual%20Moisture%20Content%20in%20Asphalt%20using%20Microwave%20Ovens_peer%20reviewed.pdf
https://onlinepubs.trb.org/Onlinepubs/nchrp/nchrp_rpt_46.pdf
http://www.minsocam.org/MSA/collectors_corner/article/mohs.htm
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responsibilities.  Interject discussion of any item from the QCP review that may help the contractor better 
meet the Owner’s expectations. Discuss soft metric requirements, either agreeing on expectations up 
front or planning to reach agreement on the metric during the control/test strip paving based on 
observation. (Note: the terminology used to describe required meetings of FAA and DOD are not the same 
and in some cases the meetings may be required as a part of the preparatory phase during progress of the 
work. For more information on the specifics of required meetings and who should be involved see Chapter 
2 and Appendix B: Special Topic Brief 1 - Preparations for Executing an Airport Concrete Pavement Project.) 

• Agree to a Control/Test Strip Construction Plan – Review the paving contractor’s plan for the control/test 
strip construction, including location (on- or off-site), dimensions, mixture design dial-in process, dowel 
bar placement requirements and jointing patterns. Ensure that the control/test strip accurately represents 
the conditions and challenges of the full-scale paving operation. (Ensure the Contractor acknowledges 
that separate control/test strips are required for pilot and fill-in lanes.) Lastly, consider whether testing of 
field molded and cured strength specimens is necessary for establishing construction phase timing if the 
Contractor did not provide this information as part of the concrete uniformity testing. 

• Validate Material Testing and Approval – Verify that all job materials, including aggregates, cement, 
admixtures, and curing compounds, are consistent with the approved materials and meet the approved 
specifications. Ensure the Contractor complied with the material testing and approval process to confirm 
the laboratory concrete mixture design complies with project requirements for durability and performance 
of the concrete pavement. 

• Conduct Field Inspection and Monitoring – Assign qualified inspectors from the QA team to monitor 
control/test strip construction activities on-site. Monitor concrete placement, consolidation, finishing, and 
curing processes to verify the execution conforms with means and methods in the approved or accepted 
QCP, as well as adherence to specified tolerances and surface smoothness requirements. 

• Conduct Field & laboratory Testing – Perform control, management and continued testing material tests, 
such as aggregate gradations, slump, concrete air content, and placement temperature monitoring, to 
assess the workability and consistency of the concrete mixture during placement. Conduct strength tests 
on field-cured concrete samples to establish a relationship of strength gain over time (to assess how soon 
the Contractor can load the new concrete for phasing construction and how soon they can drill for dowel 
bars). 

• Monitor Joint Construction– Ensure proper steps are followed for sawing joints in the control/test strip. 
Verify that joint layout, dimensions, and any temporary sealing materials comply with project drawings and 
specifications. Document the activation of contraction joints and monitor joints to ensure the Contractor's 
sawing practices control pavement cracking.  Monitor the pavement edges for plastic shrinkage cracking 
which would prompt further evaluation. 

• Document and Report Results – Maintain records of control/test strip construction activities, including 
materials used, equipment calibration, test results, and inspection findings. Record the time and location 
of test placement milestones, including initial start of placement, paver stoppages, equipment 
breakdown, non-compliant loads of concrete, start of curing, and start of sawing. Include the control 
charts and other QC data or lot reports required of the Contractor as part of the QA documentation.  
Prepare detailed summary reports documenting observations, deviations from specifications, and any 
corrective actions taken that informed the decision on providing or withholding the notice to proceed to 
full-scale production. 

• Evaluate the Result – After the Contractor completes the control/test strip construction, evaluate all 
results in terms of hard and soft metrics.  Make a final assessment of whether the Contractor made 
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process control adjustments, as required, to conform to the specifications, and whether they performed 
the test strip in manner that effectively demonstrated their capability to meet the Owner’s expectations.  
Use hard metric data as the primary performance criteria to validate the effectiveness of the contractor's 
means and methods, as well as process control effectiveness.  If the control/test strip is deemed not pass, 
clearly identify why to the Contractor with the overall results of the control/test strip. 

• Continuous Improvement – Remain prepared to engage in ongoing communication with the paving 
contractor to apply what was learned/experienced from the control/test strip to the production phase of 
construction. Continuously evaluate and refine QA processes to enhance the efficiency, effectiveness, 
and safety of the QA operation as an effective agent of the Owner. 

Figures E.1 through E.5 provide process decision program charts (PDPC) to systematically manage the 
control/test strip evaluation process.  The charts apply the foregoing activities and associated tasks.  Using the 
charts will improve the consistency of control/test strip evaluation. 

The PDPC charts provide the RPR or DOD’s QA function suggested actions in the event of problems.  In the 
absence of problems, the RPR or CO on DOD projects may recommend proceeding to full-scale production with 
confidence. 

By applying the PDPC charts and approaching the control strip/test section with the goal to educate the 
Contractor to meet or exceed the Owner’s quality requirements, the QA team will take a progressive step toward 
instituting and maintaining a rigorous QA program that brings value to the Owner.  Opening new runways, taxiways 
and aprons has huge implications on commercial or military operations.  Holding up a project based on deviations 
otherwise addressed through remedial actions allowed by the specification’s provisions, is counterproductive to 
the Owner’s overall project goals. 

An effective assessment must involve applying specification provisions appropriately, reviewing hard and soft 
metric results and considering reasonable conformance to the requirements.  These factors all go into the litmus 
test of contractor capability to meet the specifications. Together they provide a solid decision gate from the 
broader perspective of the Owner’s goals for the project. 
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Figure E.1: Primary activities of the process decision program char for managing QA evaluation of the 

control/test strip. (The following figures extend the chart for each activity). 
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Figure E.2: Process decision program chart for validating contractor means and methods. 
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Figure E.3: Process decision program chart for clarifying and agreeing on soft metric specification criteria. 
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Figure E.4: Process decision program chart for testing hard metric requirements. 
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Figure E.5: Process decision program chart for documenting results and approving the start of full-scale 

production. 
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Preparing for the Control/Test Strip 

QC is not limited to just the testing performed on materials or placements. Attention to the details in all 
production, placement and post-production activities is an essential part of QC for the Contractor.  The materials 
and mixture design must include all the requisite certifications and pass required tests; these qualifications must 
be timed such that the materials are valid for use in production.  The concrete production plant and paving train 
must include proper components, which are kept in good operating condition and operated reliably to produce, 
place and pave concrete that is uniform to meet specification requirements. Concrete quality and uniformity are 
affected by many factors related to the operation, including configuration, equipment set-up, maintenance and 
operation. 

The control/test strip serves as the critical point for the Contractor to assess their process control. 

As much as RPR or DOD’s QA function must evaluate the Contractor’s capability during the control/test strip 
paving, the Contractor must correspondingly take ownership of the specification requirements and apply 
proactive attention to detail.  Objective self-evaluation and proactive adjustment to the operation aimed at 
improving results is essential.  The control/test strip serves as the critical point for the Contractor to assess their 
process control.  Contractors that take a proactive approach will be the most likely to be successful in honing their 
operation quickly and demonstrating their capability effectively in a control strip or test section.  

Checklist for QC Managers – The following pages include a comprehensive checklist to aid QC Managers (QCMs) 
in preparation for the required control/test strip.  The checklist is universal, applicable to both P-501 and to UFGS 
32 13 14.13; suggested checks unique to one or the other specification are flagged accordingly.  

This checklist is a tool to help contractors perform a self-assessment aimed at the best possible outcome of a 
control/test strip evaluation. QCMs are encouraged to self-administer an audit of their operation using this 
checklist as a compliance guideline and means to document and record specific notes on their operation prior to 
and during the control/test strip placement.   

Should any deficiencies be found by the acceptance personnel during control strip or test section placement, this 
checklist may serve as a helpful tool to work through the compliance issues.  Acceptance personnel will more 
likely consider a contractor capable of performing the production-level work if they demonstrate proactive 
decision-making in controlling their processes during the control/test strip paving.  Contractors that dismiss, 
downplay or are not aware of the issues will struggle. 

Additional Resources – The following topics are covered in Volume 2 and recommended to help the Contractor 
be fully prepared for the control/test section and production airport paving: 

• Preparations for Executing an Airport Concrete Pavement Project 
• Guidance for Handling of Concrete Beam Specimens 
• Prevention of ASR Through Aggregate Testing and Alkali Loading 
• Concrete Aggregate Acquisition and Stockpile Management for Airport Pavement Construction 
• Guide to Adjusting concrete Mixtures Under Airport Requirements 
• Guideline for Pavement Surface and Edge Testing by Straightedge 
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Appendix F: Special Topic Brief 5 - Guide to Adjusting Concrete Mixtures Under 
Airport Requirements 

Overview  

Acceptable performance of airport concrete pavement is not the result of simply acquiring the highest quality 
concrete-making materials nor the result of optimizing the proportioning of those materials. Even with high-
quality, well-proportioned, properly batched materials, the performance of airport quality concrete is highly 
dependent on the answer to one question: Will the paving train pave successfully using the mixture? Field 
experience has proven that just because a mixture meets required metrics for strength, air content and slump, this 
in no way assures anyone that it is certain to be passed through and shaped by a slipform paving machine to meet 
other specification requirements, nor that the resulting pavement will meet performance expectations.  

Concrete can be placed and finished without regard to how a slipform machine places the mixture, or how this 
impacts quality behind the machine. However, a “set it and forget it” approach does not work in concrete paving. 
Equipment operational adjustments and concrete mixture adjustments during production paving are vital and 
important for a contractor to achieve quality thresholds and maintain consistency in the results.  In addition to the 
high priority of selecting a mixture with the least risk of early distress and with the highest probability of exceeding 
specified physical parameters, it is essential to monitor and maintain the mixture as a “consistent mixture”. 
Maintaining a consistent mixture is likely to require adjustments to the concrete’s component proportions to 
ensure consistent workability and response to paving pressure, consolidation (vibrating) and finishing. 

Workability is a subjective term and usually is interpreted to mean “the ease of placement” (Civil Engineering, 
2023). More specifically, it is the term applied to how easily a freshly mixed concrete can be placed, consolidated 
and finished with minimal loss of homogeneity (Taylor, et al., 2019). For the large quantities of concrete placed 
during airport paving, the definition of workability must also include batch-to-batch uniformity. For airfield quality 
concrete the key QC metric becomes the coarseness and workability factors (CF and WF), which are refined 
during the control or test section and then maintained within a reasonable tolerance. 

Placing, finishing, and curing of concrete are processes with numerous variables, not the least of which is the 
concrete mixture. The ambient environment, equipment, equipment operators, worker experience and materials 
variability all directly influence these processes and the results. The concrete mixture placed in the morning will 
often process differently from the mixture placed at the end of the day, week, month or season. Therefore, during a 
paving project it is not uncommon for mixture adjustments to be necessary for any of a variety of reasons including 
aggregate variability and weather environmental conditions. 

Just as important to managing the mixture to account for varying conditions, the contractor must take appropriate 
steps, prior to production paving, to ensure that the mixture they are starting with is proof tested. There is no 
substitute for testing the concrete mixture to ensure it will provide adequate workability and performance using 
the equipment, placement procedures and personnel at the paving site. Preparation and testing up front, including 
trial batching, mixer uniformity assessment, and dialing-in the mixture during the control strip/test section are 
invaluable. Because if the starting point is good, a proof-tested mixture should only require incremental 
adjustments during production. 

The contractor must ultimately implement timely process control measures to maintain the consistency of the 
mixture based upon direct feedback from the paving process while the concrete is in its plastic state. Without 
having a means to correct a process or adjust a mixture in a timely manner, maintaining consistency in the paving 
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product will be challenging if not impossible. Common questions in the interpretation of current airport pavement 
specifications are, 1) when do adjustments become changes to the mixture design and warrant a new mixture to 
be approved? And 2) what adjustments are allowable under process control?  Given the lead-time required for 
mixture design and approval, the understanding of these questions by QA and QC staff looms large to project 
delivery. 

Current Specification Provisions 

FAA guide specification AC 150/5370-10H (P-501) paragraph 501-3.3, Concrete Mix Proportions, requires a “new 
concrete mix” if there is a “change in material sources” or when admixtures, as products and not dosage 
adjustment, are added or deleted (FAA, 2018). UFGS Section 32 13 14.13, Nov 2022, paragraph 2.13.2.3i, Mixture 
Proportioning for Flexural Strength requires additional mixture design studies if there is a “change in materials” 
(DOD, 2022).  The directive of both agencies hinges on the interpretation of what constitutes a change in 
sources (FAA) or materials (UFGS).  In either case, if an action is deemed a change, then a new or additional 
mixture design study is required. These considerations are broken out by component below: 

Aggregates – If an aggregate source is changed by the supplier (or contractor) a new mixture proportioning study is 
necessary because the physical properties of the mixture could also change. Should an aggregate supplier change 
quarry faces, or lifts, of an aggregate source, the contractor must validate that the specified physical properties 
(size and gradation) of the new are the same as the approved material. If the aggregate’s physical and durability 
properties are different, then a new mixture design is necessary. If the aggregate’s physical and durability 
properties are the same as the material provided for in the approved mixture design, it is not necessary to prepare 
a new mix design provided all other tested parameters are met. 

A new proportioning study is not required when the quantity sourced from an aggregate stockpile is changed for 
the purpose of adjusting the CF/WF, as a result of trial batching or the control/test section, which results in the 
approved proportioned mixture. Adjustments of the proportions of the aggregate components during production 
does not require a new proportioning study because adjustments of proportions are made to return the CF/WF to 
the approved CF/WF because of daily variability of gradations. However, the mixture’s air content and slump must 
be validated at the adjusted quantities to be sure specified criteria are met. A quantity adjustment should correct a 
mixture for ease of placement, to improve consolidation, to control finishing effort, to reduce edge slump or to 
reduce risk of segregation. An intentional change to the aggregate proportions of a mixture that meet or exceed 
strength, air content or slump requirements is not a “source or material change” but an allowable adjustment to 
improve the paving product. QC should consider proactive adjustments to mixture quantities as part of their 
process control responsibilities along with proper equipment set-up to limit issues with surface paste, edge slump 
and joint face deformation.  QA should consider such changes as an indication the contractor is being responsive 
to the challenges of managing aggregate materials and limiting sources of variability. 

Cement and Supplementary Materials – If a different cement, fly ash or other supplementary cementitious 
material source (also can be interpreted as brand) is desired or must be used by the contractor, then by the FAA’s 
litmus of “source change” or DoD’s litmus of “material change”, a new mixture design is required.  A new mixture 
design is necessary because the physical properties of the mixture in both the plastic and hardened states could 
change significantly with a different brand or source of cement.  Even though different manufacturing sources or 
company brands of portland cement or blended cements may meet the same respective ASTM standard, each 
product tends to react differently during hydration and could impact the concrete’s physical and durability 
properties.  Fly ash and other supplementary cementitious materials, such as slag or pozzolan, fall into the same 
consideration as portland cement.  Fly ash may be very challenging due to its inherent variability even when 
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coming from the same plant.  Changes in brand (material manufacturer) or source of raw materials incorporated 
by a manufacturer requires a new mixture design. 

Just like changes in aggregate quantities, changes in the quantity of cement, fly ash or other supplementary 
materials by the contractor during the control strip placement or production phase do not require a new mixture 
design since the source materials are the same.  Minor adjustments to the mixture during production to keep it 
within QC limits are allowed and expected. Incremental quantity adjustments may involve any of the component 
materials including cementitious materials and mix water. However, no adjustment can result in a change to a 
mixture’s approved water-cementitious materials ratio, unless there is an accepted laboratory proportioning study 
at that water cement ratio. (Note: The DoD directs the Contractor to prepare proportioning studies at three 
different water-cementitious material ratios – the maximin, the expected minimum and one in between.) 

Chemical Admixtures – Adjustment to the quantity of chemical admixtures approved for the mixture are also 
allowable if the intent is to help manage the mixture’s workability, air content or other QC metric.  Most of the 
time, adjustments to admixtures accompany adjustments to the cementitious material and water quantities. 
Other admixture adjustments could be warranted due to weather or temperature changes. Such dosage 
adjustments to chemical components are not considered source material changes.  QA personnel must 
understand and appreciate that it is typical and necessary for contractors to adjust water, cement and admixture 
quantities provided the upper and lower limits of the adjustments do not exceed or fall below the mixture’s 
approved water-cementitious materials ratio established by the mixture design. 

If the contractor desires, or must use, a different chemical admixture product or brand, FAA P-501 and UFGS 32 13 
14.13 require a new mixture design.  It is well known that different chemical admixtures use different chemical 
formulations even though they may be intended for the same purpose.  As a result, admixtures can react 
differently in the presence of different cements and supplementary materials.  Water-reducers are known to 
exhibit different levels of effectiveness in the presence of different cementitious materials, and so a change in 
water-reducer brand requires a new mixture design. 

Concrete Mixture Adjustments 

Incremental adjustments to field-produced concrete mixtures to meet airport pavement quality standards are 
almost always required during a project. These mixture adjustments are expected as proactive management in 
response to process control monitoring during production.  However, adjustments are also necessary by the 
contractor earlier in the process.  A paving contractor must perform trials to validate whether the laboratory-
developed mixture will work well with their equipment, paving crew and ambient environment prior to production.  
Then the contractor must fine-tune the mixture during the control strip/test section placement.  The process 
follows a sequence as shown in Figure F.1. 

 
Figure F.1: Sequential steps for adjusting concrete mixture proportions as part of proactive process control. 

The need for mixture adjustments stems from the fact that concrete mixture designs are usually developed in a 
commercial laboratory with a limited quantity of job materials and without benefit from trials to determine how 
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they will work with the equipment in the real-world environment.  Engineers and technicians developing concrete 
mixtures in the laboratory tend to be more experienced working with vertical construction, highways, and bridges 
due to the greater number and frequency of these types of projects. The same engineers and technicians receive 
far fewer opportunities to develop concrete mixtures that meet airport quality standards, and therefore the 
collective experience in developing these mixtures is typically limited within a geographic region.  Airport paving 
mixture design is a capability unique to only a limited number of experienced labs and technicians. 

As such, contractors must consider each airport project as a unique paving experience and carefully 
validate and proof test the laboratory-developed mixture design. Adjustments begin with a contractor test 
(or trial) batch. Test batches answer questions about how the plant is functioning and effective sequencing of the 
mixture components, as well as about mixing time, air content and distribution, aggregate distribution, slump loss, 
ease of consolidation and bleed water formation of the mixture itself. Adjustments to the mixture based on test 
batches will involve tweaking admixture dosage, water content, cementitious product quantity, aggregate 
proportions and grading.  The range of water-cementitious material ratios approved in the laboratory mixture must 
be maintained.  (Note: FAA allows for a range of water-cementitious material ratios as does the DoD. But only DoD 
requires the proportioning study to specifically include three different ratios.) 

All mixture improvements identified through test batching should be incorporated into the design before fine 
tuning the mixture during the control strip/test section. Fine tuning is performed using the batch plant erected and 
operated in the location it will be during production, using the intended paving and hauling equipment, and 
producing the mixture using approaches planned for construction.  Fine tuning should focus on adjusting the 
mixture to consolidate well through the machine, shape crisply with minimal edge slump, and extrude so that 
there is minimal hand finishing required. As a best practice, the only hand finishing necessary should be straight 
edging to provide a clean edge 15F15F15F

16. The daily fine tuning of a mixture primarily consists of adjustments that focus on 
the finish of the pavement behind the paver. Specifically, fine tuning often involves adjusting aggregate 
proportions, vibrator frequency and machine travel speed to help limit the quantity of grout deposited at the 
corners and surfaces of the paving lane. 

QA and QC personnel must recognize that the mixture design provided by the laboratory proportioning study is the 
starting point for adjusting materials to the equipment and to meet the required concrete properties.  Factors, 
such as workability, admixture dosage, mixing time, and risks imposed because of material variability are all best 
confirmed through full-scale testing prior to the control strip/test section. QA and QC personnel are to expect 
additional fine tuning of component quantities during production. 

 
16 The judgment of what constitutes “minimal hand finishing” required behind the paving machine may be affected by numerous factors and 
should be a subject of discussion/agreement during a pre-paving meeting.  Finishing is necessary to correct surface irregularities. While bug 
holes are a void visible in the pavement surface, they do not significantly alter transport and permeability properties of the concrete, which 
is a function of the mixture constituents, mixture proportioning, and consolidation of the mixture when placed. The number of bug holes in 
the concrete surface considered acceptable is therefore subjective.  In some cases, QA has interpreted this to be no bug holes are 
acceptable and in other cases the number and depth of bug holes has been introduced as a qualifying factor.  Yet in other cases, projects 
built by union labor forces to labor force rules will require concrete finishers regardless of the surface quality extruded from the machine, 
the presence or absence of bug holes or otherwise.  Until the subjective term “minimal hand finishing” is clarified or removed from the 
specifications, it is advisable for QC or QA personnel to agree up front on how these terms will be interpreted on a project before work on 
the control strip/test section has started. Keep in mind that there is no hard and fast way to quantify finishing. Individual passes of a 
finishing tool necessarily overlap, and the required effort may vary with other factors, such as wind or ambient temperature conditions. A 
reasonable starting point is to agree on use of bull floating (back and forth) after necessary use of a cutting straightedge to remove high 
spots. 
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Managing the Stockpile 

The initial step in adjusting the laboratory concrete mixture is to understand aggregate variability caused by 
handling. The volume of coarse aggregate in a laboratory sample is not large enough to demonstrate the potential 
for segregation; but, in full-scale operations, coarse-sized aggregates are susceptible to segregation due to 
common handling procedures. During transport or stockpiling, larger particles tend to move from the upper 
portion of a pile to the lower portion causing particle segregation. 

The quality control manager should order sampling of each aggregate stockpile using the same loading technique 
to be used during production. A load that would be delivered to the bins should be spread on the ground (with a 
separation material, cement treated soil or cement treated base to act as a barrier to prevent contamination), 
quartered, and sieve tests performed (ASTM, 2018).  Because of the large aggregate sizes typically used in airport 
paving mixtures, the sieve nest should employ full-height frames with a larger frame diameter. An 18-in. frame is 
recommended (Figure F.2). Using standard 12-in. diameter sieves in the sieve nest or using half-height frames will 
not provide sufficient aggregate volume to yield a reliable percentage determination of particle distribution. If 
segregation is visible, or sieve analysis test data indicates that segregation risk is possible due to gap grading, then 
the means of sampling from the stockpile should be changed or a surge pile built. The concrete plant bins should 
be loaded from the surge pile after mixing.  Full details on proper aggregate handling are available in Appendix D: 
Special Topic Brief 3 - Concrete Aggregate Acquisition and Stockpile Management for Airport Pavement 
Construction. 

 

Figure F.2: Typical concrete aggregate sieves with the recommended full-height frame on the left (source: 
Gilson 2023). 

Mixing Time 

Many contractors have enough experience to make “best guess” concrete batch mixing times. However, 
regardless of experience, it is best practice to establish the mixing time for each mixture design based upon trials. 
A few seconds of mixing time can mean a difference in the distribution of the components and the homogeneity of 
the mixture. A few seconds of mixing time can be the difference between over mixing and under mixing resulting in 
segregation of the components. A few seconds of mixing time can also be the difference between fully activating 
chemical admixtures to have their intended effect on the mixture.  

The conventional technique is to perform a mixer uniformity test. UFGS 32 13 14.13 specifies CRD-C 55 (ACOE, 
1992) for on-site plants and ASTM C94 for Ready-Mix Plants using Transit Mix Trucks. The intent is to discharge a 
batch of mixed concrete into a windrow to sample the concrete at specified points along the windrow’s length, 
avoiding the very ends. Running a wet sieve test on each sample allows for the identification of aggregate 
segregation. Running conventional air tests and performing petrography on core samples can confirm the 
consistency of the air content. A series of slump tests will identify variations in water content or water-reducing 
admixture effectiveness based on mixing time. 



 Best Practices Manual:  Quality Control and Quality Acceptance of Airport Concrete Pavement 
 

Airport Concrete Pavement Technology Program  F-6 

Two relatively new trends or shifts in the types of material available for airport paving are known to have an effect 
of the required mixing time to achieve homogeneity, avoid segregation and activate admixtures: 

Fine Aggregates – Industry is witnessing declining supplies of natural fine aggregates (sand). In many 
locales, the affordable sand is a finer gradation with the fineness modulus trending smaller. 16F16F16F

17 While there 
are still coarse sand sources available, they often come at a higher cost and a less reliable supply line.  
Even so, Owners and Contractors must seek out and expect to pay higher prices for sand with fineness 
modulus over 2.7 or use a fine sand blended with manufactured sand particles. While aggregate suppliers 
increasingly supply finer sands for use in concrete, Contractors must be cognizant of the challenges to 
provide proper sand for the airport mixtures.  Accepting finer sand induces increased water demand, the 
need for higher dosages of admixtures, the reality that mixing times must be extended, as well as other 
potential impacts related to low fineness modulus. 

In some regions contractors are turning to manufactured sand (crusher fines) because natural sands have 
become scarce and costly.  Since manufactured sand particles are typically angular and produce mixtures 
that are less workable and present finishing challenges, they are often blended with some natural sands to 
lessen their effects on workability.  Challenges associated with the use of manufactured sand can be 
overcome by mixture adjustments, or by avoiding sources mainly composed of flat and elongated 
particles.  Blending fine aggregates can also help mitigate extended mixing times to some degree. 
However, fine aggregate blending may prompt the need for further QC. Some additional methods of control 
include: 1) evaluating the blend's uncompacted void content against the uncompacted void content of the 
target blend, or 2) evaluating the combined specific gravity of the blend. 

Type IL Cement – Today’s demand for lower carbon footprint in paving materials has driven a shift to Type 
IL cement from the common Type I cement of the past.  Type IL cements are ground finer by about 20 
percent.  The Blaine fineness is about 5000-5500 cm2/g, as opposed to 4000 cm2/g for ordinary portland 
cement (CEMEX, 2023). The increased fineness is mainly due to the introduction of more limestone 
additive than was used in ordinary portland cements, and which is ground very fine compared to the 
cement grains. This finer cement combined with the finer sands require more mixing time and operational 
control to meet air content and workability targets. 

Along with the impact of trending materials, contractors must consider whether their typical mixing time 
assumption is adequate when establishing their productivity schedule while estimating their bid for an airport 
paving project. Their productivity assumptions must match the reality of working with high volumes of airport 
concrete under strict quality metrics.  Determining the optimal mixing time based on trial batching and mixer 
uniformity testing is far more prudent than waiting until sticky mixes arrive at the paver or shrinkage cracks appear 
on grade.  If the solution to providing uniform concrete means slowing production to ensure proper aggregate 
blending and/or admixtures have a chance to react while materials are blending within the mixing drum, then 
these factors affecting quality control should govern the schedule. 

  

 
17 In recognition of the trend, FAA has recently reported contemplating a change to their fine aggregate material specification to allow lower 
fineness modulus materials in a future version of P-501.  Specifically, consideration is being given to allowing fine aggregates with a fineness 
modulus of 2.3 or more (compared to the current minimum of 2.5) as long as the fineness modulus of the combined gradation is evaluated 
and meets the fineness modulus requirement of 2.5 or greater and less than 3.4. 
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Aggregate Adjustments 

By examining the combined aggregate one can best predict the nature of the concrete. Shilstone (1990) and 
Lafrenz (1997) provided a useful evaluation technique for predicting the constructability of concrete paving 
mixtures. This technique provides insight into the response of most concrete mixtures to consolidation energy and 
extrusion during slipform paving. A clear benefit of using the technique is that it identifies the potential for 
concrete mixtures to finish poorly or segregate under vibration. As discussed, mixtures prone to segregation are 
prone to early distress. 

FAA 150/5370-10H, paragraph P-501-2.1d and UFGS 32 13 14.13, paragraph 2.3.1.3 both specify that the 
combined aggregate gradation (coarse plus intermediate plus fine) be proportioned, and a Coarseness Factor (CF) 
and a Workability Factor (WF) be calculated. The definitions of CF and WF follow: 

CF = (cumulative percent retained on the 3/8 in sieve) (100) / cumulative percent retained on the No. 8 
sieve) 

WF = the percent passing the No. 8 sieve 

Proportioning Concrete Mixtures with Graded Aggregate for Rigid Airfield Pavements provides the latest guidance 
(TSPWG, 2019).  This guidance includes an adjustment to increase the WF by 2.5 percent for each additional sack 
(94 lb/yd3) of cementitious material used over the baseline 564 lb/yd3. 

In preparing the mixture design, specifications require that all aggregate is combined as a single material. Both 
American Concrete Institute (ACI) and Portland Cement Association (PCA) mixture design protocols begin with the 
identification of a volume of coarse aggregate. The cement, water, admixtures are added to meet workability, 
strength and/or durability requirements as desired, and the sand is used to fill the volume. The mixture design 
protocols of ACI and PCA usually result in a combined aggregate gradation that is gap graded.  For a concrete 
mixture using a combined aggregate gradation, the cement water and supplementary cementitious material 
proportions are calculated, and the volume of combined aggregate used to fill the remaining volume. 

The CF and the WF are plotted on a graph with the CF on the abscissa, graduated from 80 to 30, and the WF on the 
ordinate, graduated from 25 to 45, as shown in Figure F.3. The plot of CF and WF provides theoretical zones of 
“workability.” The history of pavements constructed using the combined gradation and the “workability” suggests 
that for slipform paving, which requires a stiff mixture, the optimum plot of CF and WF will plot between the 
control lines and adjacent to the right of the “gap graded” position. The CF is progressively moved to the right by 
replacing the maximum aggregate size with intermediate of sand size particles to increase workability. Concrete 
mixtures that plot with the CF and WF in the minus ¾ inch aggregate size are only used with bridge deck paving 
equipment or form riding pavers without gang vibrators. Hand placed concrete mixtures typically exhibit a WF 
greater than 35. 
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Figure F.3: Workability Box (AFCESA-CES 1997). 

The commercial laboratory’s mixture design is prepared for the contractor without knowledge of the response of 
the concrete mixture to the paver. The paver will operate at different travel speeds and the vibrators will be set at a 
frequency established by specification or by operator experience. However, the duration of consolidation is the 
prime objective. Paving speed and vibrator frequency establish the required duration of consolidation. Therefore, 
the laboratory mixture must be adjusted for the actual workability obtained in the field using the production and 
paving equipment. The CF, WF, paver speed and vibrator frequency must be complimentary and therefore provide 
the optimum concrete pavement surface behind the paver. A control strip/test section should not be attempted 
until the mixture’s “workability” is quantified and assessed in terms of the CF and WF. 

Empirical evidence, as well as stakeholder interviews conducted as part of this project, clearly demonstrate that 
significant aggregate variability often occurs during the production of concrete. It is common, during production, 
to witness a change in the CF and WF plots during a production day by performing a sieve analysis of belt samples 
and proportion analysis. Research performed by the Air Force in 1996 quantified the expected change, during a 
paving day, of ±5 on the CF and ±3 on workability (AFCESA-CES, 1997). This change is inherent in the natural 
variability of the combined gradation due to variability in the stockpiles. 

Industry has generally elected to look at the variability from the design CF/WF as a tolerance. This is, however, 
misleading. Once a concrete mixture’s “production CF/WF” is defined those values should be considered the daily 
start point during production.  If the test strip is placed, consolidated, and finished to the satisfaction of the Owner 
and the Contractor, it is not prudent for a Contractor to change the CF/WF start point to a different location on the 
workability plot. The only reason for changing the daily start location would be if trends in the production of 
aggregates change, either finer or coarser, during the project. The intent of optimizing the aggregate proportions, 
and starting at the approved CF and WF daily, is to maintain understanding and control over the mixture’s 
response to placing, consolidating, and finishing, and not to lose control by compounding adjustments across 
days of paving.   

To ensure aggregate variability is accounted for, the QC Manager should perform sieve analyses of each aggregate 
before the start of each production day. Adjustments of the aggregate proportions should then be made to assure 
that the CF and WF are corrected back to the same starting point (the approved CF/WF based upon the test 
section).  Sampling aggregates from the charging bins is recommended for daily pre-production testing. 
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When the CF/WF plot drifts outside of the tolerance limits the contractor needs to act. It is generally not possible 
to adjust the aggregate proportions and return the CF/WF plot to the starting position if the combined aggregate 
grading changed from the stockpiles or charging bins. The QC Manager should stop production to identify and 
resolve the issue. The root cause of the issue may be quite simple.  For example, it is not uncommon that an 
aggregate delivery is added to the wrong stockpile or a gate on a charging bin is malfunctioning. 

During the progress of paving, the surface of the concrete behind the paver may change.  This could be related to 
operation of the paver, a failure of an equipment component, or a drifting aggregate gradation evident from a 
changed CF/WF plot. In most cases, a correction can be accomplished as paving continues even through some 
feedback information, such as from analyzing gradations and mixture proportions requires necessary time for 
sampling and testing. Adjustments to the aggregate proportions will not resolve issues related to equipment 
operations but may resolve surface finishing, edge slump or joint face deformation issues. 

Closing Summary 

To positively answer the key question “will the paving train pave successfully using the mixture”, it is necessary for 
the Contractor and Engineer to follow the principles outlined in this guideline. First, it is necessary to define what 
is acceptable during the test or control section. Then the Contractor and the Owner must agree that what is placed 
is consistent with the specified materials, concrete properties, and pavement tolerances. During production the 
Contractor must adopt a process that recognizes sources of variability and establishes controls to minimize it. 
Similarly, QA personnel must recognize that the Contractor may make incremental adjustments to the mixture in 
reaction to changes in the ambient environment and materials to maintain consistency in workability. Both FAA P-
501 and UFGS 32 13 14.13 provide provisions to guide what mixture adjustments are allowable without warranting 
a new mixture. Only if both parties adopt appropriate judgments and apply informed decision-making about 
intentional mixture adjustments under these provisions can the Owner’s performance expectations be met. 
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Appendix G: Special Topic Brief 6 - Guidance for Handling of Concrete Beam 
Specimens 

Overview 

The strength to withstand repeated heavy aircraft loads is an important characteristic of concrete airport 
pavement. For quality control (QC) and quality assurance (QA) airport Owners require testing the flexural strength 
of carefully prepared, handled and cured beam specimens and/or testing compressive strength 17F17F17F

18  of similarly 
controlled cylindrical specimens.  The concrete flexural strength test is considered more representative of aircraft 
loading than the compressive strength test since the failure mechanism is more consistent with flexural failure 
under working loads.  Flexural strength is also often used in the design of concrete airport pavements. Therefore, 
the flexural strength test is generally preferred by Owners and is most often the required test. However, flexural 
strength beam specimens can be more challenging to prepare properly, take up additional space in curing tanks 
and chambers, and the heavy and bulky specimens are prone to rough handling and more variable results. Due to 
these challenges, it is incumbent on contractor QC and QA managers to ensure testing technicians carefully follow 
test protocols and procedures.  

Provisions for flexural strength test specimens, as well as the certifications and qualifications of field and 
laboratory testing technicians performing the tests are provided for in Federal Aviation Administration (FAA) P-501 
and in Department of Defense (UFGS) 32 13 14.13.  The typical sequence for preparing and testing concrete beam 
specimens is shown in Figure G.1. Test specimens are prepared by extracting samples from the job mixture and 
should serve as representative samples of the concrete in the pavement. Any personnel responsible for performing 
these tasks must understand the specifications, test methods, associated standards and the implications of any 
missteps in the procedures. Technicians and testing laboratories must also be cognizant of the location and timing 
for the sampling relative to the paving production. Technicians should label the specimens and document the 
sampling location and field conditions, allowing the specimens to be linked properly to project tracking 
documentation and submittals as required by contract documents and QA or QC plans. 

 
Figure G.1: Sequential process for preparing beam specimens for flexural strength tests. 

If QA or QC personnel or testing technicians do not use care at any stage of the process, flexural strength test 
results may misrepresent the quality of the concrete and the in-place pavement.  The contractor risks reduced 
payment for low strength, the cost of additional testing to validate the in-place concrete strength, or the high cost 
of removal and replacement of the pavement. (Since DoD projects do not apply strength pay reduction factors and 
instead simply apply pass/fail criteria, the risk of large losses hinges on proper beam handling and testing.) The 
penalties and remove/replace scenarios can amount to hundreds of thousands of dollars.  Unfortunately, 
disputes over concrete strength are common and the source of problems are often traced back to suspect 
specimen handling and testing.  For that reason, contractors and QA firms should employ knowledgeable and 

 
18 When allowed by the specifications, contractors can establish a correlation between flexural strength and compressive strength so that 
they can use compressive strength test results to estimate the flexural strength and avoid beam handling issues. Correlating the strength 
tests must be done during the mixture design phase to allow compressive strength specimens and tests to be used during construction.  
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reliable technicians to perform beam specimen preparation, testing, handling, storage, and strength testing, and assign 

these technicians for the entirety of a project and not switch technicians by day or by week. 

Regardless of who (QA or QC) is making a flexural test beam they should strive to eliminate any 
reason to question how the beam was prepared and handled and whether it confirms the 

production mixture is consistent with the approved mixture.  Pavement acceptance is predicated 
on the principle that the tests demonstrate that the concrete in place represents the approved 

mixture. 

This special topic brief provides an overview and suggested best practices following the sequential process in 
Figure G.1.  (Note: FAA’s requirements are discussed within each step and a separate section outlines the DoD’s 
different or additional requirements.) 

Best Practice Steps  

The governing standards required by FAA and the DoD for properly preparing and testing concrete strength 
specimens are outlined in Table G.1 (next page).  QC and QA personnel responsible for strength testing must 
follow these standards, and while they include directions and steps for handling test specimens, in some 
instances it is in limited detail.  Consider this guide as providing additional details that when followed can improve 
consistency and results. 

Step 1 – Sample Collection  

QC and QA personnel should sample materials from the same source.  Working from the same source 
ensures that the materials are the same and test comparisons are representative. 

Per Section P-501-6.1, all acceptance sampling and testing necessary to determine conformance with FAA 
requirements in P-501, except for coring for thickness determination, must be performed under the direction of 
the Resident Project Representative (RPR). 

For flexural strength specimens, FAA P-501 Section 6.5 requires that one sample be taken for each sublot from the 
concrete delivered to the paving site. The RPR must determine the sampling locations using random sampling 
procedures in ASTM D3665, and then sample the concrete in accordance with ASTM C172. The RPR must not 

sample the concrete for molded beam specimens until the concrete is batched and mixed at the plant in accordance 

with the procedures approved in the control strip or test section, and the concrete is delivered to the paving site.   

Sampling location(s) should be carefully considered, since the transport and handling process can change the mixture 

(e.g., through segregation).  Concrete should be sampled as close to the in-place pavement as possible, such as in front 

of the paver or at the point of discharge.  This approach reduces the potential differences between the concrete used in 

the test specimen and the in-place pavement.  If stringline controls are employed by the paving contractor, technicians 

must allow for any added time or care needed to avoid inadvertently contacting or affecting the stringline. The quality 

control plan should describe the method of procuring the plastic concrete from near the paving machine and then what 

happens between sampling material and casting the beams. The sample may need to be transported to the casting 

location near the on-site lab. This effort must be coordinated with the paving crew to mitigate safety and production 

concerns. 
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Table G.1: Governing specifications for steps in concrete strength sampling/testing. 

Step Specification Purpose Lab Mixture Production Mixture Who is 
Responsible? 

Collecting 
Representative 

Sample 

FAA P-501 QC ASTM C192 ASTM C172 Contractor’s Quality 
Control Mgr. (QCM) 

Collecting 
Representative 

Sample 

FAA P-501 QA/Acceptance -- ASTM D3665 
ASTM C172 

Owner’s Resident 
Project Rep. (RPR) 

Collecting 
Representative 

Sample 

UFGS 32 13 14.13 QC ASTM C192 ASTM C172 Contractor’s Quality 
Control Mgr. (QCM) 

Collecting 
Representative 

Sample 

UFGS 32 13 14.13 QA/Acceptance -- ASTM D3665 
ASTM C172 

QCM w/DoD Spot 
Check 

Molding & 
Consolidating 

Specimens 

FAA P-501 QC ASTM C 192 ASTM C31 Contractor’s Quality 
Control Mgr. (QCM) 

Molding & 
Consolidating 

Specimens 

FAA P-501 QA/Acceptance -- ASTM C31 Owner’s Resident 
Project Rep. (RPR) 

Molding & 
Consolidating 

Specimens 

UFGS 32 13 14.13 QC ASTM C 192 ASTM C31 Contractor’s Quality 
Control Mgr. (QCM) 

Molding & 
Consolidating 

Specimens 

UFGS 32 13 14.13 QA/Acceptance -- ASTM C31 QCM w/DoD Spot 
Check 

Initial Curing / 
Transporting / Final 

Curing 

FAA P-501 QC ASTM C192 ASTM C31 Contractor’s Quality 
Control Mgr. (QCM) 

Initial Curing / 
Transporting / Final 

Curing 

FAA P-501 QA/Acceptance -- ASTM C31 Owner’s Resident 
Project Rep. (RPR) 

Initial Curing / 
Transporting / Final 

Curing 

UFGS 32 13 14.13 QC ASTM C192 ASTM C31 Contractor’s Quality 
Control Mgr. (QCM) 

Initial Curing / 
Transporting / Final 

Curing 

UFGS 32 13 14.13 QA/Acceptance -- ASTM C31 QCM w/DoD Spot 
Check 

Testing FAA P-501 QC ASTM C39 (opt.) 
ASTM C78 

ASTM C78 Contractor’s Quality 
Control Mgr. (QCM) 

Testing FAA P-501 QA/Acceptance ASTM C39 
ASTM C78 

ASTM C39 
ASTM C78 

Owner’s Resident 
Project Rep. (RPR) 

Testing UFGS 32 13 14.13 QC ASTM C39 (opt.) 
ASTM C78 

ASTM C78 Contractor’s Quality 
Control Mgr. (QCM) 

Testing UFGS 32 13 14.13 QA/Acceptance ASTM C39 
ASTM C78 

ASTM C39 
ASTM C78 

QCM w/DoD Spot 
Check 
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Figure G.2: Wheelbarrow with sample of concrete. 

The RPR is responsible for placing scoops of concrete extracted for testing into a proper receptacle so that it is not 
contaminated or intermixed with other material.  A heavy gauge metal pan, wheelbarrow, or flat, clean 
nonabsorbent board are acceptable if they are large enough to allow for blending (remixing) of the entire sample 
with a shovel or trowel (Figure G.2). 

To ensure the samples are random and representative, the testing technician should develop a composite sample 
for each beam test specimen.  This is done by removing (scooping) samples of the concrete at least twice as the 
middle portion of a concrete batch is discharged from a haul truck. If end dumps are used for direct discharge in 
front of the paver or where a side belt placer conveys the concrete in front of the paver, the sampling technician 
should follow guidance presented in ASTM C 172, obtaining samples from at least 5 different portions of the pile 
and combining them into one composite sample for test purposes. If a transfer spreader is used, the concrete 
sample must be taken at the point of placement.   

The technician should then mix the concrete collected from each sample to create enough volume for the required 
number of beam specimens.  The number of specimens to be produced should consider specification 
requirements, any hold or reserve specimens requested or desired, and additional specimens to support early test 
results for construction traffic or drilling. 

Common mistakes technicians make are to base their sample location on concrete appearance, convenience, or 
other biased human criteria.  This is a challenge when a technician tires over the course of a workday or length of a 
project.  The technician should stay vigilant to obtain concrete samples randomly.  Random sampling is a 
fundamental part of creating representative tests upon which acceptance of quality pavement is based, and 
hundreds of thousands of dollars may be riding for the contractor. 

The RPR also must record the time and location of the sample with respect to the concrete it represents in the 
pavement.  This may be by stationing, offset and Lot/Sublot identifiers, along with note regarding batch ticket(s) 
and other pertinent information useful in later review.  Forgetting this simple step renders the sample specimens 
useless. 

Step 2 – Specimen Molding & Consolidation 

QC and QA personnel should consider casting their beams nearby each other.  The contractor should also 
consider making additional beams to break at extended periods in case it is necessary to reconcile any 
suspect test results. 
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The RPR is responsible for the casting of each beam test specimen in accordance with ASTM C31/C31M, 
“Standard Practice for Making and Curing Concrete Test Specimens in the Field.” FAA P-501 requires the RPR to 
cast two beam test specimens from the concrete sampled from each sublot.  

It is vital to allow for and devote sufficient time to prepare the specimens as additional or companion testing 
(slump, air content, unit weight, and temperature) must also be tested and the values recorded for each set of 
beam strength specimens.  Being pressed for time to perform the testing could lead to technicians short-cutting on 
required steps in casting and handling the specimens. 

Molds – The ASTM C31/31M procedures are very specific as to the beam specimen size and the casting or 
molding process.  The RPR must follow these requirements without exception. 

The beam specimen mold length must be at least 2 in. greater than three times the beam specimen mold depth. 
(The ratio of width to depth of a beam specimen must not exceed 1.5.)  A standard beam for FAA and DoD 
requirements is 6 by 6 in. in cross-section which meets the ASTM requirements for beam size for concrete made 
with a nominal maximum coarse aggregate of one inch or greater (see Figure G.3).  (If the nominal maximum size of 
the coarse aggregate exceeds two inches, the concrete sample has to be treated by wet sieving through a two-inch 
sieve as described in ASTM C172.) 

 
Figure G.3: Beam mold with handles to allow easier lifting. 

The beam molds also must meet ASTM specified tolerances.  The maximum variation from the mold’s nominal 
cross section should be 1⁄8 in. or less for molds with a depth or breadth of 6 in. or more. The molds should produce 
specimens at least as long but not more than 1⁄16 in. shorter than the nominal required length.  It is a good idea to 
use steel beam molds with handles to ease the effort of moving them when needed.  It is not allowable or 
advisable to use single-use or lightweight plastic beam molds for airport construction QC/QA test specimens, 
since these molds can deform or warp, resulting in invalid tests and other related issues. 

Casting The Beams – The casting location should be at or very near the onsite testing lab whenever possible 
since moving beams after casting exposes them to vibrations and jarring movements that can negatively 
impact test results and their validity. 

This may involve transporting the concrete sample before casting and not moving the beam specimens after 
casting.  ASTM C172 does not suggest a transport time limitation for the concrete sample, but the RPR should limit 
the time to about 15 minutes maximum. Also, during transport the RPR must protect the concrete sample from 
evaporation with wet burlap and plastic. 
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When ready to fill the beam molds, the technician should do so with the mold in the horizontal position and on a 
level, rigid surface.  The surface on which the mold rests must not be subject to transmitting vibrations or 
disturbances, like bouncing, that could compromise the concrete in the mold during the early curing period. 

Maintaining a consistent process when adding concrete to beam molds starts by selecting the proper tools.  
Select a scoop or shovel with a blade large enough so each amount of concrete obtained from the sampling 
receptacle is representative, yet small enough so concrete is not spilled during placement into the mold. Using the 
scoop or shovel, place the concrete into the mold to the height required.  (Based on nominal maximum aggregate 
and beam size requirements, most airport pavement concrete mixtures will fall under the category in which ASTM 
C31 requires only one layer—fully filling the mold once—and will not require multiple layers.)  Place the concrete 
so it is uniformly distributed within the mold with minimal segregation. The technician should add enough 
concrete so that it will fully fill the mold after consolidation. 

Consolidating Concrete in the Molds – This part of the process is a common cause of beam test 
inconsistencies. The RPR is advised to ensure these procedures are being followed and not overlooked due 
to fatigue or other human considerations. 
ASTM C31 includes specific requirements on the method to consolidate the concrete within a beam mold.  For 
airport paving concrete with low-slump (slump less than 1 in.) internal vibration is required.  For concrete with a 
slump of one inch or more, either vibration or rodding are acceptable methods. 

For internal vibration, ASTM C31 requires a vibrator with a frequency of at least 150 Hz [9000 vibrations per minute] 
while the vibrator is operating in the concrete (Figure G.4) The RPR should check the vibrator frequency 
occasionally with a vibrating-reed tachometer or other suitable device to ensure it is operating within the required 
frequency range.  The test standard also limits the diameter of a round or cylindrical vibrator head to no larger than 
one-fourth the width of the beam mold. The combined length of the vibrator shaft and vibrating element must be at 
least 3 inches more than the depth of the mold or the layer being consolidated. 

 
Figure G.4: Concrete vibrator suitable for beam mold consolidation. 

When using a vibrator to consolidate concrete in a beam mold, the recommended procedure is to insert the 
vibrator at intervals not exceeding 6 inches.  Using four insertions (Figure G.5) instead of three helps prevent a 
grout pocket from forming near the center of the beam length, which could negatively influence the flexural 
strength test results. 

The duration of vibration required to consolidate the concrete in the mold depends upon the rheological properties 
(or “workability”) of the concrete and the effectiveness of the vibrator. Generally, no more than 5 to 10 seconds of 
vibration is required for each insertion to adequately consolidate the concrete, with low slump mixtures requiring 
more vibration energy (time) than higher slump mixtures.  When the surface of the concrete becomes relatively 
smooth and large air bubbles cease to break through the top surface enough vibration energy is applied, and the 



 Best Practices Manual:  Quality Control and Quality Acceptance of Airport Concrete Pavement 
 

Airport Concrete Pavement Technology Program  G-7 

technician should remove the vibrator.  It is important to continue vibration only long enough to achieve proper 
consolidation; over vibrating causes aggregates to segregate and poor strength test results. 

 
Figure G.5: Vibrator insertion points complying with ASTM C31 while avoiding insertion directly in the middle 

of the beam (source: Martin Holt). 

If the method of consolidation is by tamping or rodding, the RPR must ensure that test technicians are maintaining 
one penetration for each two square inches of the top surface area of the beam.  For a 6x6x20 in. beam the surface 
area is 120 inches which requires 60 penetrations of the tamping rod.  The rod diameter must meet ASTM C31/31M 
requirement.  For a 6x6 inch beam a 5/8-inch rod with a rounded end is required (Figure G.6).  

After the mold has been filled with an initial layer, it should be rodded with each stroke penetrating through the 
layer, and the strokes distributed uniformly over the cross section of the mold. With each successive layer, the 
technician should again distribute rod strokes uniformly over the cross section of the mold, penetrating the rod 
through the layer being rodded and into the layer below by about one inch. After each layer is rodded, it is 
important to remember to tap the outsides of the mold lightly with a rubber mallet at least 10 times to close any 
holes left by rodding and to release any large, entrapped air bubbles.  Add representative concrete from the sample 
during consolidation of the last layer if it appears the mold was underfilled.  After tapping the mold remove any 
excess concrete from the beam surface with a trowel or appropriate small screeding tool. 

 
Figure G.6: Tamping rod. 

Step 3 – Initial Curing /Storage 

Curing is divided into an initial curing (the first 24-48 hours after specimens are cast) and final curing for field 
molded beams. Hydration and reaction kinetics are highly influenced by temperature and moisture, and 
warmer or cooler curing environments will alter test beam strength results.  For example, early-age beam 
strength test results may be low if specimens are stored at temperatures lower than the specified range. 
Strength test results also may be low if specimens dry or are exposed to initial curing temperatures higher 
than the specified range. Following curing guidelines is essential to producing valid beam test results. 

To meet FAA P-501 requirements the Contractor must provide adequate facilities for the initial curing of beam 
specimens to ASTM C31 standards when they are cured on the paving site. After casting, the RPR must place the 
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beams in a protected location that ensures the temperature immediately adjacent to the specimens is maintained 
in the range of 60° to 80°F, and the beam specimens will not lose moisture. During this period beams are to remain 
in their molds.  Initial curing locations that are considered suitable include climate-controlled construction site 
buildings or trailers, tightly sealed boxes with temperature and moisture controls, and temporary enclosure in 
plastic or under wet burlap during favorable weather.  The supporting surface on which specimens rest during the 
initial curing period must be level to within 1⁄4 in. per foot. 

Maintaining the required temperature and moisture environment may require the RPR or designee to remotely 
monitor air conditioning systems in their cure trailers or boxes and replenish generator fuel during overnight hours 
to avoid power outages. 

It is always recommended to cast the specimens as near to the location they will be initially cured as possible to 
minimize moving the specimens.  However, if specimens are not molded in the location where they will receive 
initial curing, the RPR must ensure the specimens are moved to the initial curing location no later than 15 minutes 
after beam molding is complete.  It is also advisable under these circumstances for the contractor QC team to cast 
extra beams in case of outlier test results or suspected damage from moving specimens. Casting three beams per 
age instead of the two required by specification is an advisable minimum.  Casting four beams is recommended, 
and the extra beam(s) can be held for flexural testing at later than 28 days if needed. The storage capacity of the 
curing apparatus must be considered, particularly if the project is large or if the paving schedule results in multiple 
paving lots requiring specimen curing within a short timeframe. 

The RPR also must record the minimum and maximum temperatures that each set of beam specimens is exposed 
to during the initial curing period. 

Step 4 – Transporting Specimens 

Of all steps, transporting beam specimens may be the least recognized source of compromise to the 
integrity of the flexural strength test results.   

There are no requirements in ASTM standards nor in FAA or DoD airport specifications related to the type of 
transport vehicle for moving beams.  The extent of direction is to “protect the specimens with suitable cushioning 
material to prevent damage from jarring.” (It is worth noting that the DoD requires on-site curing facilities to 
minimize the necessary transportation times between initial and final curing locations.) 

Each beam in a mold will weigh about 70 lbs making it difficult for one person to move the specimens.  Beam 
molds with handles are preferred and help make the handling process easier, but not all molds are equipped with 
handles. In either case, two people lifting and handling each beam is a best practice to avoid injuries and to move 
the beams with care.   

It is advisable to employ a vehicle or trailer with a lower floor or bed (like a minivan or flatbed trailer) to minimize 
the height beam specimens must be lifted.  A pickup truck bed, even capped, is likely not best suited to transport 
beam specimens because of the height required to lift and slide the 70-lb molded specimens up to and into the 
truck bed.  In lieu of a more suitable vehicle, a capped pick-up bed is better than an open bed to keep samples out 
of the weather. 

The RPR is advised to place a sand layer or 2-inch foam insulation board on the vehicle or trailer bed/floor to act as 
bedding upon which to place and secure the beams. Foam board will cushion the beams, keep them from sliding 
around while dampening vibrations and bumps.  The beams should be spaced apart, so they don’t knock against 
each other. It is also better to place additional foam between and around each beam specimen in case of sudden 
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braking that could cause the beams to slide.  Each beam must remain covered with wet burlap and plastic while 
transporting to maintain moisture levels.  During cold weather, the RPR also must protect the specimens from 
freezing with suitable insulation material.   

When the testing lab is not on site the specimens must be transported from the field to the lab for final curing 
within 24 to 48 hours after casting. It is preferable not to disturb the beams until closer to the 48-hour limit, so they 
develop as much strength as possible before being moved. Transportation time is limited to 4 hours by FAA P-501.  
However, with the high value associated with airport pavement, contractors are advised to place the testing lab at 
the project location whenever possible. Transporting beams across town to a lab facility results in greater 
potential for compromised test results. 

In addition to the contractor and RPR, QA testing technicians and testing firms also must appreciate the influence 
mishandling of beams may have on the outcome of flexural strength tests.  Mishandling of beam specimens can 
result in rejection of concrete that may actually meet strength.  Testing companies have been known to outsource 
the transportation of beams to an off-site lab during staffing shortages or to meet disadvantaged business 
enterprise (DBE) requirements.  If this is the case strict instructions and limitations on the vehicle a subcontractor 
employs are warranted.  QA staff and subcontractors should not be allowed to put beam specimens in the trunks 
of cars or other unsuitable vehicles where it is difficult to lift and place the specimens and the potential for rough 
handling is higher.  

Step 5 – Final Curing 

After the initial curing period FAA P-501 requires beam specimens to be cured by being immersed in saturated lime 
water (calcium hydroxide solution) in accordance with ASTM C31/31M. 

Transferring specimens to the final curing tank should be accomplished upon completion of initial curing (first 48 
hours) and within 30 min after removing specimens from their molds.  The specimens must be transferred timely 
and fully submerged into the lime water bath.  Beams may not be stacked on top of each other in the bath.  When 
resting in the tank, it is advisable (although not required) for the beams to be oriented the same as they were in the 
molds, level with the top (finished side) up.  The lime water temperature is required to be maintained at 73.5 ± 
3.5°F using water storage tanks complying with the requirements of ASTM C511 (Figure G.7).  If a curing room is 
employed, specimens should be stored in a similar level orientation. 

 
Figure G.7: Curing tanks meeting ASTM C511 requirements (source: Gilson Co.) 

The beams are to remain in the lime water bath or curing room until just prior to being tested.  It also is important 
that lab technicians keep beams from drying after they remove and transfer them to the testing machine.  The 
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requirement is for the beams surfaces to remain wet, because even relatively small amounts of surface drying of 
flexural specimens can induce tensile stresses in the extreme edges that will markedly reduce the indicated 
flexural strength. 

Step 6 – Testing 

Even for well-prepared, properly handled and cured beam specimens, the reliability of test results will depend on 
the test apparatus, and the operator’s attention to detail during execution of the test.  ASTM C78 provides 
information on the precision and bias of the test, which indicates that even under highly controlled conditions, the 
test can exhibit significant variability. The RPR is advised to ensure flexural and/or compressive strength testing 
(even if outsourced) is being accomplished with calibrated equipment and certified operators.  

The lab performing strength acceptance testing must have a current and publicly available accreditation meeting 
ASTM C1077.  The RPR must maintain a copy of the lab’s accreditation with each test method indicated. 

The strength of beam specimens must be determined in accordance with ASTM C78 (Standard Test Method for 

Flexural Strength of Concrete Using Simple Beam with Third-Point Loading). The RPR should check with and gain 
confidence the testing technician is properly performing the beam testing, including: 

• Protecting specimens from loss of moisture.  
• Centering the loading system properly in relation to the applied force. 
• Bringing the load-applying components (loading block and support block) in contact with the surface of the 

specimen at the third points and then applying a load of between 3 and 6% of the estimated ultimate load.  
The loading block and supporting block should comply with ASTM C78 requirements, and not be overly worn. 

• Checking for evenness and if a gap greater than 0.004 in. but not more than 0.015 in. exists over a length of 1 
in. or more, correct the condition by capping, grinding, or using leather shims extending the full width of the 
specimen at all specimen contact surfaces.  

• If a gap greater than 0.015 in. exists over a length of 1 in., removing the test specimen and correcting the 
condition by capping or grinding. 

• Loading the specimen continuously and without shock at a proper loading rate. The rate should constantly 
increase the maximum stress between 125 and 175 psi/min until rupture occurs.  

• Taking measurements across each dimension at the failure plane and recording the average width, average 
depth, and line of fracture location. 

• Accurately calculating the modulus of rupture 

Acceptance and Reporting 

The flexural strength for each sublot is computed by averaging the results of the two test specimens representing 
that sublot. Acceptance of pavement for strength is then determined by the RPR based on P- 501 Section 6.6b(1).  

All individual strength tests within a lot must be checked for outliers in accordance with ASTM E178, “Standard 
Practice for Dealing with Outlying Observations” at a significance level of 5%. Outliers are discarded and the 
remaining test values will be used to determine acceptance in accordance with paragraph 501-6.5b. 

For each test ASTM C78 requires reporting the age of specimens, average specimen dimensions, span length, 
maximum applied load, and modulus of rupture computed to the nearest 5 psi.  The curing history and apparent 
moisture condition of the specimens at the time of the test, use of shims, and any defects should also be reported.  
FAA P-501 requires the RPR to report the following information for each sublot test:  

• Identification number,  
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• Location of concrete represented by the samples, 
• Date, time, and name of individual molding specimens, 
• Slump or slump flow, air content, and concrete temperature, test results and results of any other tests on 

the fresh concrete, and any deviations from referenced standard test methods, 
• Curing method, including the initial curing method with maximum and minimum temperatures and the 

final curing method/location, and 
• Flexural Strength testing results (or compressive strength test results for acceptance if it was selected as 

the testing method by the design engineer). 

DoD Considerations 

In many aspects, the casting, curing, and handling of flexural strength test specimens for military pavements is 
performed in a manner like pavements constructed under FAA P-501 requirements.  Table 1 outlines the ASTM 
standards that apply. 

Responsibilities 

UFGS 32 13 14.13 Section 1.4.3.2 requires the contractor to provide all materials, labor, and facilities required for 
molding, curing, testing, and protecting test specimens at the paving site and in the laboratory.   The QC Manager 
is responsible for overseeing that the testing is done in accordance with the specifications.   

Laboratories must have an accreditation meeting ASTM C1077.  Laboratories must also be "validated" to perform 
each specific test.  Validation is performed by the USACE Material Testing Center (MTC).  If a laboratory is 
accredited by AASHTO for each specific test it is responsible for, then MTC may accept the accreditation by way of 
desk audit, then validate the laboratory. 

Not all DoD contracts require an on-site laboratory.  For this reason, UFGS 32 13 14.13, Table 18 requires the 
beam specimens to be cast within 1000' of point of placement (in front of the paving machine).  

The contractor must also provide flexural test loading equipment that meets the requirements of ASTM C78/C78M.  
Additionally, the contractor must provide and maintain the storage boxes and other facilities used for storing and 
curing the specimens at the paving site, ensuring that the specimens in the molds are maintained within the 
temperature range required by ASTM C31/31M.  

Process Control and Lot Testing 

One of the major differences between UFGS 32 13 14.13 and FAA P-501, is the DoD allows an option to use 
compressive strength cylinders during process control and acceptance as an alternative to flexural beams.  
Cylinder testing still must be correlated to flexural strength, but this is done with lab-prepared and cured beam 
specimens that are not subject to field curing/handling.  The option is intended to improve consistency of results 
because casting, handling, and testing of cylinders tends to be less error-prone, the lighter cylinders are easier to 
handle, and cylinders can also require less storage space in a curing room or tank.  

To employ the option for casting cylinders, UFGS 32 13 14.13 outlines the following process.   

1. Take samples for strength tests at the paving site. Fabricate and cure test cylinders in accordance with 
ASTM C31; test them in accordance with ASTM C39.  

2. Fabricate and cure two test cylinders per sublot from the same batch or truckload and at the same time 
fabricate acceptance cylinders and test them for compressive strength at 7 days.  
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3. Average all compressive tests per lot. Convert this average 7-day compressive strength to an equivalent 
28- or 90-day flexural strength (the age is specified by the engineer) using the Correlation Ratio determined 
during mixture proportioning studies. DoD requirements during test section and production paving are for 2 
specimens per sublot (8 total) for 7-day to 90-day correlation (QC), and another set of 8 (2/sublot) for 14-
day to 90-day correlation (Acceptance).  It is noted that some lots may have fewer than 4 sublots. 

4. Compare the calculated 28- or 90-day flexural strength from the conversion to the Average Flexural 
Strength Required for Mixtures determined in the mixture approval phase which is typically 750 psi at 28 or 
90 days, or otherwise can be established using historical data for the mixture.  

5. If the equivalent calculated 28 or 90-day strength for the lot is below the Average Flexural Strength 
Required for Mixtures by 20 psi or more, the contractor must adjust the mixture to increase the strength, as 
approved.  

6. Fabricate and cure two beams for every 2000 cubic yards of concrete placed. Fabricate and cure in 
accordance with ASTM C31; test at 14-days of age in accordance with ASTM C78. Use the flexural strength 
results to verify the cylinder-beam acceptance correlation ratio. 

According to UFGS 32 13 14.13 Section 1.4.7 Acceptability of Work, the materials used to construct the pavement 
and the pavement itself will be accepted by the DoD based on the contractor’s production testing. The DoD may 
make spot check tests to validate the results of the production testing. The variation between government spot 
check tests and the contractor’s production testing dictates whether the contractor’s tests (and procedures) are 
acceptable to the DoD (See Table G.2). 

If contractor test results vary by 4.0 percent or more, the QC and QA managers must carefully evaluate each 
sampling and testing procedure and obtain another series of production and DoD check tests on duplicate 
samples of the same material. If these vary by 4.0 percent or more again, the results of the DoD spot check tests 
will apply, and the DoD will continue check testing until the two sets of tests agree within less than 4.0 percent on 
a regular basis. Under this circumstance production testing must continue.  Testing performed by the DoD does 
not relieve the contractor of required testing. 

Table G.2: Production variations and outcomes. 

Percent Variation Between Spot 
Check and Production Test 

Outcome 

˂ 2.0% 
Production testing acceptable for 
use in acceptance determination 

≥ 2.0% to 3.99% 
The average between production 
and spot check tests applied in 

acceptance determination 

≥ 4.0% 
Government spot check tests used 

and further monitoring invoked 
 
Reporting 

When constructing airfield pavements under UFGS 32 13 14.13 specifications, the QC Manager must maintain up-
to-date control charts for strength, showing the 7-day QC compressive strength, the 14-day compressive strength 
(from acceptance tests) and the 28-day and/or 90-day equivalent flexural strength of each of these for each lot, 
whichever is required by the Engineer. 



 Best Practices Manual:  Quality Control and Quality Acceptance of Airport Concrete Pavement 
 

Airport Concrete Pavement Technology Program  G-13 

Closing Summary  

To reduce the chance that required flexural strength test results mis-represent the actual concrete strength, QC 
and QA personnel and testing technicians must use care in the process steps and follow the principles outlined in 
this guideline.  Each step has associated risks, with rough handling being a common and well-known problem.  It is 
incumbent on the Contractor to recognize the challenges and take proactive steps to assure that its staff and 
testing labs follow the protocols and cautions.  QA teams also must follow the same precautions.  While some 
individuals may be quick to dismiss the guidelines as common sense, a careless approach does not respect the 
potential of hundreds of thousands of dollars riding on the test specimens.   Only if both parties adopt appropriate 
measures and respect of the process can flexural strength testing error be avoided consistently.  Open 
communication and clearly understood expectations between the testing laboratory, contractor, and QA 
personnel will support effective sampling, testing, reporting, and acceptance of quality concrete airport 
pavement. 
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Appendix H: Special Topic Brief 7 - Guideline for Pavement Surface and 
Edge Testing by Straightedge 

Overview 

Due to the practical limitations of concrete pavement construction equipment, including slipform paving 
machines, equipment control mechanics and the non-homogenous nature of concrete mixtures, it is likely 
and expected that the exterior horizontal and vertical planes of fresh pavement slabs will include some 
minor deviations.  Therefore, among the important construction quality characteristics specified by airport 
Owners are the pavement surface profile, paving lane edge slump, and the vertical face along longitudinal 
paving lane edges.  Bumps or dips in the horizontal pavement profile define the profile’s evenness; slump or 
bulges define the evenness of vertical edges.  These characteristics reflect upon the contractor’s 
operational and material controls, and if severe enough could impact aircraft and users.  For instance, dips 
in the profile from edge slump along lane edges in the keel section of a runway or high-speed taxiway may 
pond water and contribute to safety challenges, such as loss of friction and hydroplaning.  For these 
reasons, FAA P-501 and UFGS 32 13 14.13 both include construction requirements and tolerances for these 
as-built factors. 

History and Use of Straightedge for Horizontal and Vertical Surfaces – Among the simplest and oldest 
means of assessing the horizontal surface pavement profile (along the length of a runway, taxiway or apron) 
and vertical slab edges is the straightedge test, which dates to the early 20th century (ACPA 2015). Today, 
the straightedge is still required in provisions within FAA P-501 and UFGS 32 13 14.13.   

The straightedge test identifies deviations (bumps or dips) from a 12-foot-long straightedge and is useful for 
either horizontal or vertical pavement surfaces.  An individual test result is specific only to the location 
where the measurement was taken, but when reviewed in conjunction with results from other locations can 
help quality control (QC) and quality assurance (QA) personnel identify areas where a contractor 
encountered paving challenges or may help them gain a sense of a contractor’s operational capabilities and 
level of overall quality delivery. Some deviations are to be expected in even the best of paving work, but a 
chronic occurrence of deviations may be sign of a lack of operational control (ACPA 2011). 

Presently, FAA applies the straightedge as a pass/fail test.  UFGS 32 13 14.13 applies pass/fail criteria for 
slab edges and longitudinal construction joints, but for surface smoothness DoD also ties straightedge 
results on the horizontal surface to a pay adjustment schedule. 

The challenge with the straightedge test for field personnel is that it is an arduous and slow test method, 
especially for horizontal surface assessment along the sometimes-long lengths and widths of airport 
pavement runways, taxiways or aprons (IPRF, 2007).  For assessing horizontal pavement surfaces, the 
industry-preferred method is to employ non-contact laser profiling equipment, which is quite common 
testing equipment in other markets, such as highway paving.  Laser profiling equipment is easy and fast to 
operate and produces repeatable results for horizontal surface measurement.  Such equipment can report 
results in terms of profile index or straightedge simulations.   

At present, the FAA P-501 specification allows a contractor to use a rolling inclinometer meeting the 
requirements of ASTM E2133 or a rolling external reference device that can simulate a 12-foot (3.7-m) 
straightedge as methods of straightedge testing if approved by the Resident Project Representative.  UFGS 
32 13 14.13 does not allow for alternative devices and applies the hand straightedge test where it does not 
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require a full-frame California Profilograph for profile testing.  Provisions allowing non-contact laser profiling 
equipment are being considered for future revisions of FAA P-501 and UFGS 32 13 14.13, either as an option 
to or replacement of the standard California Profilograph. 

Despite its labor and reporting intensity, the manual straightedge test remains useful for many types of 
concrete pavement construction, and is particularly helpful for: 

1. Shorter paving segments where other surface profiling equipment is difficult or impossible to 
operate, 

2. Transverse (across paving slab) profile surface assessments,  
3. Edge slump assessments, and  
4. Slab edge (vertical face) evaluations.   

Assessing vertical pavement surfaces requires applying the 12-foot-long (3.7-m-long) straightedge along 
with other straightedge tools.  A carpenter’s level and a steel square (carpenter’s framing square) are 
smaller straightedge tools used to check the vertical edges or faces of a paving slab.  A custom tool 
sometimes called a “high-low probe” is another straightedge tool fabricated to check for bulging in a slab 
edge.  UFGS 32 13 14.13 requires more testing of vertical edges than does FAA P-501.  The presence of 
significant bulging or deformations in a slab’s vertical edge may indicate problems with the contractor’s 
material and process control and is often found where surface straightedge tests identify out of tolerance 
edge slump. 

Standards – Despite its common use and long history, no standards organization, such as ASTM 
International (ASTM), or specifying agency, including FAA and DoD, has or references a clearly defined 
standard for a straightedge as a tool or testing instrument.  There is also little guidance available for quality 
control (QC) or quality assurance (QA) field personnel on how to properly position the tools, conduct 
straightedge tests and interpret the results.  Perhaps this is because the test concept and equipment itself 
seems simple, but this omission in standardization has often resulted in conflicts in how to consistently and 
appropriately apply the straightedge test, measure deviations, and characterize the extent of areas expected 
to be out of compliance against specification requirements. 

Similarly, the equipment and guidelines needed to assess vertical slab edges is also largely undefined, even 
though required in airport pavement specifications. Steel squares are a common tool, but guidance to 
calibrate the right angle for application as a testing instrument is not.  Further, there is neither a tool 
commercially made for the purpose of assessing bulging along slab edges, nor one required by 
specification.  Contractors may fabricate a custom “high-low probe” to make the required measurements 
for bulging, but guidance on how to ensure these measurements are accurate and repeatable does not exist.  
Further, no guidance exists whatsoever on how to apply reasonable tolerances for vertical surface 
assessment using a steel square, level or a custom high-low probe. 

To fill these gaps, this guide introduces testing and equipment standards for horizontal pavement surfaces, 
edge slump and vertical pavement edges.  To achieve a consistent process and application of the 
specification requirements, everyone involved in the quality control and quality assurance process for 
airport pavement construction must be especially committed to: 

1. Using appropriate straightedge tools, 
2. Understanding the benefits and limitations of the tools, 
3. Applying the how-to guidance herein to use tools properly; and 
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4. Following consistent processes when measuring deviations and applying the specification 
tolerances. 

Basics of Surface Deviations 

Deviations categorize into four types: bumps, dips, offsets and edge slump (see Figure H.1). 

Bumps are localized elevations, while dips are depressions in the pavement surface due to construction 
factors (ACPA 2015).  Typically, the highest (or lowest) surface deviations are less than 3/8 to ½ inch and 
may occur over a long span of pavement (IPRF, 2002 and ACPA, 2008).  Bumps and dips both affect the 
smoothness of the airport pavement surface, which may be felt in aircraft, but the greater concern is for 
ponding water. 

The term “offset” describes a sudden change or step in the elevation of a concrete pavement. (“Abrupt 
offset" is the term used in UFGS 32 13 14.13).  This may involve a vertical or horizontal offset that is distinct 
and noticeable.  An abrupt offset typically occurs at a joint line, where new construction abuts an older 
pavement or a lane placed in a prior construction phase, if the contractor did not match the surfaces well.  
In addition to potentially affecting the smoothness or continuity of the pavement surface, an offset may also 
act as a dam and cause ponding water. 

Edge slump refers to a situation where there's a reduction in the elevation of the free edge along a 
slipformed concrete pavement placement (ACPA 2010 and ACPA 2011).  Edge slump occurs if the concrete 
cannot hold its elevation/edge under the force of gravity after extrusion through the profile pan of the paving 
machine.  Accompanying edge slump is often a noticeable irregularity in the pavement’s vertical edge.  The 
top corner may slump down, the bottom edge may slump out or a bulge may occur within the middle of the 
vertical edge. 

There are no studies to indicate whether edge slump or vertical edge irregularities affect pavement 
structural capacity, but in structural analysis even a slight reduction in thickness at the slab edge will 
increase tensile stresses under load.  Fortunately, unless the deviations are severe the structural affects are 
negligible in airport paving because in most cases the contractor must also overbuild the pavement 
thickness compared to the nominal thickness in the engineering plan.  Thickness overbuild is necessary to 
account for variability in the base surface tolerance.  The larger concern with edge slump is for an uneven or 
irregular elevation along the slab surface, which becomes a water-ponding dip in the pavement profile.  
Another important concern is the potential for an elevation offset when the contractor paves adjacent to 
another section (such as for a fill-in or add-lane section).  
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Figure H.1: Deviations in pavement surfaces. 

Basics of Slipform Paver Set-Up 

To understand the proper techniques in measuring pavement smoothness using the straightedge, it is 
especially important to understand slipform molding techniques.  Contractors can achieve acceptable 
surfaces when the mixture is adjusted properly to the concrete slipform paving machine, if the machine is 
properly set up before paving begins.  Machine set-up is a crucial step in quality control (QC) and achieving 
acceptable straightedge testing results.   

American Concrete Pavement Association (ACPA) outlines the principles of slipform paving set-up, which 
are included here for background knowledge (ACPA 2008):  

“Prior to beginning paving, properly setting up the slipform mold or pan typically requires a 
preliminary leveling of the slipform paving machine’s frame. Once both sides of the paving machine 
frame are level from front to rear, all sections of the slip form mold are adjusted so that they are also 
level from front to rear. 

Next, a straightedge is placed across each joint in the slipform mold to determine if the pan is 
straight and level at that point.  If the straightedge can rock back and forth across the joint, the joint 
is too low and must be raised.  If, alternatively, a gap is visible between the joint and the 
straightedge, the joint is too high and must be lowered.  Independently adjust each joint until all 
joints are level and straight.  The plane that the slipform mold makes should now be perfectly flat 
and level in the longitudinal direction.   

At this point, adjust the center of the slipform mold to account for any necessary cross slope. 

To confirm everything is squared up, thread a stringline between the edges and bottom of the 
slipform mold just in front of the mold exit point.  Place equal sized spacers between the bottom of 
the slipform mold and the stringline and then pull the string taut.  Using a third spacer, check the gap 
between the bottom of the slipform mold and the stringline across the entire width of the slipform 
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mold for a uniform section or measure the distance between the spacer and the crown to crown 
offset to confirm the crown offset for a crowned section.” 

It is important for both the QC and QA technicians to understand the geometry of a slipform mold or pan.  
Crowns are formed either using a specially angled pan section or by hinging the pan at the center point.  In 
operational mode, the edges of a slipform mold will always be at 90 degrees to the top of the mold (unless a 
special edge molding shoe is attached for forming a curb or safety edge). As a result, the pavement edge will 
never be aligned to the true vertical plane unless the pavement is placed on a base with a completely flat 
grade (0.0%).  Because base surfaces nearly always follow a grade for drainage, slipformed slab edges are 
nearly always several degrees off of the true vertical plane (Figure H.2).  This comes into play when 
evaluating vertical edges using squares and levels. 

 
Figure H.2: Examples of how grade conditions may affect the slab edge angle to the true vertical plane. 

Another factor in paving pan set up regards “overbuild” near the corners (Figure H.3).  Overbuild refers to 
increasing the mold height within the last few feet of the slipform edge to provide extra material to account 
for edge slump (ACPA 2008).  The amount of overbuild is a contractor choice which depends upon the 
tendency of the mixture to slump after placement.  The contractor may also factor slab thickness into the 
consideration of whether to overbuild slab edges, especially for thicker airport pavement sections.  Mixtures 
with well-graded and optimized combined gradations tend to have less edge slump than gap-graded 
mixtures (ACPA 2015). Many contractors opt not to overbuild edges when using the optimized concrete 
mixtures required by FAA and DoD.   
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Figure H.3: Edges of the slipform mold adjusted to account for edge slump (adapted from ACPA 2008). 

IMPORTANT NOTE: With these construction factors in consideration, it is bears mentioning that it is prudent 
for a contractor to check surface, edge, and joint faces after the paver extrudes the slab and while the 
concrete is still plastic.  The remainder of this document discusses how to measure surfaces for deviations 
after concrete hardening.  However, spot checking the surfaces while the concrete is plastic remains a most 
effective and efficient means of QC.  

It is advisable to employ a 12 to 16-ft cutting (or finishing) straightedge after the paving machine shapes the 
slab as a quality control check (ACPA 2010).  A skilled cutting straightedge operator using a tool with handles 
capable of spanning at least one-half the width of paving is capable of correcting minor deviations while the 
concrete is plastic. Overlapping successive passes of the cutting straightedge (by half) and pulling the tool 
parallel to the centerline is the proper and required technique for best results.  With one cutting straightedge 
on each side of the paving area the contractor can readily check the entire surface while the concrete is still 
plastic.  

It is also advisable to check vertical edges to ensure any variations in the mixture are not causing the edges 
to slump out of tolerance.  Such on the fly QC using a square provides immediate and valuable feedback 
even though it may not provide a record of measurements or a quantification of any deviations. 

Current Tolerance Requirements 

Both FAA P-501 and UFGS 32 13 14.13 apply straightedge tolerances for QC of pavement where the 
straightedge is the required QC measurement device.  The agencies specify that the contractor conducts 
the QC straightedge testing daily and use the results to inform process control decisions.   

In recognition of limitations of the test method or other factors, the agencies also exclude certain areas from 
straightedge measurement.  FAA excludes straightedge measurement at grade changes, cross slope 
transitions or the transition between new and existing pavement.  The specification also excludes crowns, 
drainage structures, or similar pavement penetrations from measurement.  DoD excludes a similar set of 
locations although the specifics vary.    
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The required QC tolerances may change when the government updates both P-501 and UFGS 32 13 14.13 in 
the future, but the current requirements are summarized in Table H.1 for convenience.  It is always advisable 
to thoroughly read project specifications for updates and local alterations to the required tolerances. 

Table H.1: Current specification tolerances. 

Specification Location/Orientation Deviation Limits* 

FAA P-501 Slab Surface – Transverse ≤1/4 in in 12 ft. 

FAA P-501 Slab Surface – Longitudinal ≤1/4 in in 12 ft. 

UFGS 32 13 14.13 Any Slab Surface – Abrupt Change ≤1/4 in in 12 ft. 

UFGS 32 13 14.13 Runway/Taxiway – Transverse ≤1/4 in in 12 ft. 

UFGS 32 13 14.13 Runway/Taxiway – Longitudinal ≤1/8 in in 12 ft. 

UFGS 32 13 14.13 Runway w/in 200 ft Either Side of Arresting 
Gear  

≤1/8 in in 12 ft. 

UFGS 32 13 14.13 All Other Slab Surfaces – Transverse or 
Longitudinal 

≤1/4 in in 12 ft. 

UFGS 32 13 14.13 

Edge Slump w/in 18 in. of Slipform (Free) Edge 

No deviation >3/8 in. in 12 
ft. & 

Not more than 15% length 
w/deviations >1/4 in. in 12 
ft 

UFGS 32 13 14.13 On Surface 1 in. from Free Edge - Longitudinal ≤1/8 in in 12 ft. 

UFGS 32 13 14.13 Joint Face – Longitudinally Along Vertical Edge 
at mid-depth of slab thickness 

≤1/4 in in 12 ft. 

UFGS 32 13 14.13 Joint Face – Top to Bottom ≤3/8 in. 

UFGS 32 13 14.13 Joint Face – Abrupt Offset in Any Direction on 
vertical plane 

≤1/4 in in 12 ft. 

UFGS 32 13 14.13 Joint Face – Offset from True Vertical ≤1 in. per 12 in. 

*  See section “Step 3 – Measure Deviations” and Figure H.15 for proper interpretation of reading a gauge and 
accounting for measurement tolerances when applying the deviation limits. 

Standard for Horizontal Surface and Pavement Edge Testing by Straightedge  

Purpose of Test 

1. Quality control measurement for concrete pavement surface evenness in areas inaccessible to, or 
excluded in agency specifications from, testing by California Profilograph or automated profile 
testing equipment. 

2. Edge slump measurement along longitudinal paving lane edges (free edges in construction 
segments). 
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3. Surface evenness at transitions, specifically transverse and longitudinal construction joints, as well 
as where new pavement abuts existing pavement. 

4. Vertical joint face measurements for edge slump, bulging and trueness to a vertical plane at free 
edges in construction segments. 

Equipment / Materials Required 

Straightedge: The tool must be fabricated of aluminum or other lightweight metal and preferably reinforced 
with a non-corrosive, stable machined measurement blade that provides rigidity, reduces flexing and 
maintains accuracy.  It must be capable of resting stably on edge and optionally include handles or 
handgrips for ease of use.  Outriggers to prevent the straightedge from tipping over may be permitted for 
straightedges with long of extended handles if the contractor can demonstrate the outriggers do not 
interfere with measurements or the proper resting of the straightedge along its edge on the pavement 
surface. 

The length of the tool for airport pavement evaluation shall be 12 ft (3.7 m), which is required for both FAA 
and DoD construction specification requirements as determined by past research (IPRF, 2002).  The 
straightedge cross-sectional dimensions shall be no less than a nominal 2x4 inch stock product; The 
minimum width of the straightedge shall be at least 1.5 in (38 mm) and the height shall be a minimum of 3.5 
in (89 mm).  These dimensions shall be uniform along the entire length for rigidity and to allow the 
straightedge (minus an extended handle) to rest without aid on the pavement surface (Figure H.4). 

 
Figure H.4: Straightedge standard dimensions and other requirements. 

Gauges: Gauges for measuring deviations from a straight edge are precision tools used to assess the 
straightness of a pavement's edge or surface. They are designed to provide in- or out-of-tolerance 
measurements of any deviations from a perfectly straight line.  The gauges must be made of high-quality 
materials that have excellent dimensional stability and machined to tight tolerances to ensure accuracy.  
When not in use, QC personnel should keep the tools in storage cases or other protective means to organize 
them and prevent damage that might affect their measurement accuracy. 

Gauges for use in airport pavement QC shall be made from machined aluminum, magnesium alloy, 
stainless steel, ceramic material, depending on the type, to include steps or blocks of equal height to 
measure deviations for the specification tolerance.  If the construction specification uses Imperial (English) 
unit requirements, then a gauge machined to English units shall be applied.  If the specification uses metric 
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(SI) unit requirements, then a gauge manufactured to SI units is required.  It is not allowable to use a metric 
gauge and do unit conversions to apply specifications written in English units, or vice versa. 

Step Gauge – The critical feature of a step gauge is the series of precisely machined steps along its length. 
These steps are carefully calibrated and evenly spaced.  Each step must represent a known increment in 
height or depth and each step should be marked with the corresponding thickness, making it easy to identify 
the measurements.  Step gauges should be manufactured from a stable material, such as aluminum, 
magnesium alloy or steel. 

Step gauges manufactured to English units shall include steps of 1/16-in. thickness to measure deviations 
up to at least 1/2 in. (Figure H.5).  The gauge shall be 1.5 in. wide with a manufacturing width tolerance of 
plus or minus 0.05 in.  Each step shall be at least 1.5 in. deep to fit fully beneath a 1.5-in.-wide straightedge 
and have a manufactured depth tolerance of plus or minus 0.05 in. The steps shall be manufactured to a 
flatness tolerance of 0.01 in. as measured by machine caliper. Gauges meeting these tolerances have a 
1/16-in. field test measurement tolerance allowing for pavement macrotexture 18F18F18F

19. 

 
Figure H.5: Step Gauge (in English Units) for pavement surface deviation pass/fail qualification. 

Step gauges manufactured to metric units shall include steps of 2 mm thickness to measure deviations up 
to at least 16 mm.  The gauge shall be 38 mm wide with a manufacturing width tolerance of plus or minus 
1.25 mm.  Each step shall be at least 38 mm deep to fit fully beneath a 38-mm-wide straightedge and have a 
manufactured depth tolerance of plus or minus 1.25 mm.  The steps shall be manufactured to flatness 
tolerance of 0.25 mm as measured by machine caliper. Gauges meeting these tolerances have a 2 mm field 
test measurement tolerance allowing for pavement macrotexture. 

Gauge Blocks: Gauge blocks are precision measuring instruments used in machining applications to 
calibrate measuring instruments, set up precision tools, and perform accurate measurements (Doiron and 
Beers, 2009). These blocks are made from high-quality steel, carbide, or ceramic materials and are 
manufactured with extremely tight tolerances. The primary purpose of gauge blocks is to provide highly 
accurate references for length measurements. Gauge blocks have two flat and parallel surfaces, often 
lapped to high precision. These surfaces serve as the primary reference planes for measurements and are 
well-suited for deviation evaluation in pavement straightedge testing. 

 
19 Macrotexture is a surface texture factor affected by the mixture aggregate particle arrangement.  Macrotexture ranges from 0.008 
to 0.4 in. (0.2 to 10 mm) in height (PIARC 2023).  The 1/16-in. (2-mm) field test measurement tolerance for step gauges or gauge 
blocks will account for the impact of macrotexture on the straightedge and gauge. 
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Gauge blocks are available in assorted sizes and grades, with each grade representing a different level of 
accuracy. The grades are typically denoted by designations 0, 1, 2 and B, with the lower being the highest 
precision and the higher numbers or letters representing lower precision or accuracy (Doiron and Beers, 
2009). The accuracy tolerance of Grade B gauge blocks is ±0.000100 to ±0.000400 inches per inch, which is 
more than sufficient accuracy for use in a pavement straightedge testing application. 

Gauge blocks in nominal 1/16-inch increments are readily available from numerous manufacturers and 
come as individual blocks or in sets.  If needed, gauge blocks can be wrung together using their flat surfaces. 
When two blocks are brought into contact, a thin film of oil or other lubricant creates a molecular bond, 
making them function as a single unit. 

Gauges blocks manufactured to English units shall each be at least 1.5 in. wide and long to fit fully under a 
1.5-in-wide straightedge (See Figure H.6).  The gauge set shall include enough blocks to measure deviations 
in 1/16-in increments up to 1/2 in for pavement evaluation. 

 
Figure H.6: Typical gauge blocks (in English Units) for pavement surface deviation pass/fail 

qualification. 

Gauges blocks manufactured to metric units shall each be at least 38 mm wide and long to fit fully under a 
38 mm-wide straightedge.  The gauge set shall include enough blocks to measure deviations in 2 mm 
increments up to 16 mm for pavement evaluation. 

IMPORTANT NOTE:  Contractors are encouraged to have step gauges manufactured at a machine shop for 
use in straightedge testing. There are some step gauges available from other industries, such as those for 
large sewer and other pipe installation.  Large pipe step gauges consist of a series of stepped sections but 
with tapered instead of vertical steps.  The tapered steps can interfere with proper readings as the gauge 
may wedge under and lift the straightedge causing an inaccurate reading. 

While step gauges are the preferred gauge for straightedge testing, gauge blocks are more readily available 
and are a suitable substitute if sized properly. 

Other types of gauges, such as wedge or taper gauges should not be used for checking straightedge 
requirements in FAA P-501 or UFGS 32 13 14.13.  Such devices are subject to reading and interpretation 
inconsistencies or errors.  Proper step gauges and gauge blocks both provide a defined measurement 
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increment (1/16 in. or 2 mm) and a defined application tolerance, resulting in a more consistent pass/fail 
determination. 

Carpenters Framing Square:  A square consisting of two arms that meet at an angle of 90 degrees (a right 
angle).  The longer, wider arm (called the blade) is two inches wide; the shorter, narrower arm (called the 
tongue) is one and a half inches wide.  (The length of the arms are typically 16 and 24 inches for 
commercially available squares, although longer arms are available.)  The arms of commercially available 
framing squares may be cut to length to work with the slab face dimension.  Suitable squares may also be 
custom fabricated at a machine shop to work with the required dimensions (thickness) of the pavement 
being evaluated.  Framing squares must be checked for accuracy of the 90-degree angle. 

I-Beam Level:  An aluminum straightedge tool that has one or more bubble vials (also known as spirit vials 
or bubble tubes) embedded in the body. The vials contain liquid and an air bubble. When held against a 
surface, the position of the bubble within the vial indicates whether the tool and surface is level or plumb. (I-
beam levels are also known as box or spirit levels.)  The length of level selected should be greater than the 
thickness of the pavement being evaluated 

Top-Bottom Probe: A flat metal plate fabricated to a length 1 in. (25 mm) less than the depth of the paving 
slab.  The plate shall be manufactured to flatness tolerance of 0.01 in. (0.25 mm) per 12-in. (300-mm) length 
when placed on level surface (glass plate).  Two solid legs are mounted to the plate such that they are 
centered along the longitudinal length of the plate, 0.5 in. (12 mm) from either end.  The legs shall extend 
such that the distance from the end of the legs to the plate is 1 in. (25 mm). 

Procedure 

For each test type, there are specific procedural steps.  Depending upon the paving segment length and 
width, as well as the measurement frequency, there may be hundreds of individual measurements even for 
smaller paving segments.  Only a person trained in the proper use of straightedge tools and specification 
tolerances can provide the required testing accuracy and interpretation.  

The correct approach is to use the tool(s) to measure the pavement trueness and to identify deviations 
through a systematic process, rather than to visually or arbitrarily look or hunt for deviations to measure 19F19F19F

20.  
The process of using a grid pattern and overlapping the tool (see Figure H.7) will locate and effectively 
measure deviations. 

The proper procedural steps include: 

1. Determine frequency and locations (paths or positions) for measurement based on the 
pavement/placement dimensions, lot/sublot areas and surrounding pavement structures, 

2. Position the tool (straightedge, square, level or high-low probe) along the designated 
path(s)/position(s) and then locate any deviations to measure along the tool, 

3. Use an accurate step gauge or gauge block to measure deviations in the same units (Imperial or SI) 
as the specification tolerance requirements; and 

 
20 The current UFGS 32 13 14.13 specification includes a provision (Table 5, Item d; Abrupt Offset) that may be interpreted as a catch 
all to look for a deviation and measure it anywhere along the straightedge regardless of measurement intervals, path or specified 
positioning of the tools.  However, this is not the intent of the provision.  In previous versions of the DoD specification the term 
“abrupt offset” referred to any “vertical elevation change” such as at a joint with an adjacent slab either higher or lower than the slab 
under review.  The prior language was “no abrupt change in elevation.”  The requirement may apply to a noticeable deviation that 
falls between the defined measurement locations (longitudinal or transverse test lines), however, testing on the proper grid pattern 
with proper straightedge overlapping should easily identify any out-of-tolerance deviations. 
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4. Record the measurement data with corresponding station location (See details under section “Step 
4—Record Measurement” on how to properly record the measurements). 

 
Figure H.7: Proper overlapping of successive passes of straightedge. 

Step 1 – Determine Frequency and Location to Measure 

The location and number of measurement paths is based on the number of paving lanes, and slab width and 
depth.  FAA P-501 requires testing at the mid-point or third points of the lane depending on paving lane 
width.  Regardless of whether multiple lanes are allowed to be paved at the same time, UFGS 32 13 14.13 
requires testing along longitudinal lines at the eighth point in from each side of the lane and at the centerline 
of the paving lane as shown in the drawings.  Figures H.8, H.9 and H.10 stipulate the number and position of 
parallel paths to check for surface test, edge slump and vertical face specification compliance. 
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Figure H.8: Surface test frequency. 
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Figure H.9: Edge slump test frequency. 

Follow the guidelines in Figure H.11 for positioning the tool when starting and stopping measurements at the 
beginning or ending of a lot or at longitudinal or transverse construction joints.  The proper starting position 
of the tool depends upon several factors, including the presence of an engineered grade break at the joint, 
and the presence of an existing pavement or structure. 

If no grade break is present at the joint, the proper technique is to start with the straightedge straddling the 
joint.  FAA requires 6 ft (half the straightedge length) and UFGS requires 2 ft of overlap for the straightedge 
starting position.  This applies to both the longitudinal and the transverse measurement paths.   

The grade break referred to for straight edge testing is the crown of a runway or taxiway or a swale in an 
apron pavement.  Grade breaks are also present in vertical curves used to transition between two different 
grades designed into an airfield pavement.  The maximum rate of change for vertical curve transitions is 
based upon ½ inch in 25 feet or 0.2% (DOD 2020 and FAA 2022). A 0.2% rate of change in a grade cannot be 
detected when using a 12-ft straightedge. 
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Figure H.10: Vertical face test frequency. 
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Figure H.11: Proper starting position of the straightedge for various situations. 

Remember for placements along existing pavements or structures, the contractor must mate up the old and 
new pavement surfaces, potentially requiring some slight but intentional over-or under-build of the new 
pavement to avoid an abrupt change condition at the construction joint.  The degree of surface warping to 
make a smooth transition depends on the condition of the existing pavement.  It is important not to measure 
intentional warping as a bump or dip in assessing the pavement.  To avoid a false reading always start with 
the straightedge away from the construction joint between old and new pavements.  A six-inch buffer is 
reasoned to be workable for most cases. 
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