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1 Purpose.

This advisory circular (AC) provides guidance for—

e Using the standardized International Civil Aviation Organization (ICAO) method to
report airport runway, taxiway, and apron pavement strength. ICAO requires
member states to report aerodrome-related aeronautical data, including pavement
strength. The standardized method, known as the Aircraft Classification Number —
Pavement Classification Number (ACN-PCN) method, has been developed and
adopted as an international standard and has facilitated the exchange of pavement
strength rating information.

e The AC provides guidance for use of the standardized method of reporting
pavement strength, which applies only to pavements with bearing strengths of
12,500 pounds (5 700 kg) or greater. The method of reporting pavement strength
for pavements of less than 12,500 pounds (5 700 kg) bearing strength remains
unchanged.

e Reporting changes to airport data that is generally published on Federal Aviation
Administration (FAA) Form 5010, Airport Master Record. The data elements
associated with Gross Weight (Data Elements 35 through 38) and Pavement
Classification Number (Data Element 39) are affected.

2 Cancellation.

This AC cancels AC 150/5335-5B, Standardized Method of Reporting Airport
Pavement Strength — PCN, dated August 26, 2011.

3 Application.

The FAA recommends the guidelines and specifications in this AC for reporting airport
pavement strength using the standardized method. Use of this AC is mandatory for all
projects funded with Federal grant monies through the Airport Improvement Program
(AIP) or with revenue from the Passenger Facility Charge (PFC) Program. See Grant
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Assurance No. 34, “Policies, Standards, and Specifications,” and PFC Assurance No. 9,
“Standards and Specifications.”

Effective Date.

The FAA recommends the guidelines and specifications in this AC for reporting
airport pavement strength using the standardized method for all paved runways,
taxiways, and aprons at all airports.

One year after the implementation of this AC, the FAA requires all public-use paved
runways at all Part 14 CFR 139 certificated airports be assigned gross weight and
PCN data.

Upon completion of projects funded with Federal grant monies through the Airport
Improvement Program (AIP) or with revenue from the Passenger Facility Charge
(PFC) program, the airport will update Form 5010 data elements associated with
Gross Weight and Pavement Classification Number.

Principal Changes.
The AC includes the following principal changes:

Updates the Effective Date paragraph above for public-use paved runways at
nonprimary commercial service airports serving air carrier aircraft. Clarifies that
upon completing paving projects that receive AIP or PFC funds, the airport will
update the 5010 form.

Updates the Application paragraph above to clarify that this AC applies to all
runways that have or will receive AIP or PFC funding.

Clarifies in Chapter 3 that COMFAA calculates ACN using ICAO procedures but
calculates PCN using the procedures in this AC.

Clarifies Using Aircraft Method to Determine PCN in paragraph 4.3.

Clarifies the subgrade support category requirement in paragraph 4.4, Technical
Evaluation Method to Determine PCN.

Adds a note to Table A-1, Standard P/TC Ratio Summary.

Updates Appendix C and particularly Section C.6, Technical Evaluation Examples
for Flexible Pavements, and Section C.7, Technical Evaluation Examples for Rigid
Pavements, with easier to follow examples and to comply with the current version
of COMFAA (updated in 2012), 2012), the software program used for airport
pavement thickness and strength evaluations, and the new COMFAA support
spreadsheet (dated 11/21/2012).

Updates Appendix D to conform to the current version of COMFAA.

Makes editorial corrections and clarifications throughout, including adopting a new
paragraph numbering system.
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6 Related Reading Material.

The publications listed in Appendix G provide further information on the development
and use of fhe ACN-PGN method.

o

Michael J. onnell
Director, Office of Airport Safety and Standards
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CHAPTER 1. INTRODUCTION

1.1 Background.

The United States is a contracting state of the International Civil Aviation Organization
(ICAO) and, under 47 USC 840105(b), will act consistently with the obligations of the
United States Government under an international agreement. Annex 14 to the
Convention of International Civil Aviation, Aerodromes, contains a standard that
requires member states to publish information on the strengths of all public airport
pavements in its own Aeronautical Information Publication. The FAA reports
pavement strength information to the National Airspace System Resources (NASR)
database and publishes pavement strength information in the Airport Master Record
(Form 5010) and the Airport/Facility Directory (AFD).

1.2 Development of a Standardized Method.

In 1977, ICAO established a Study Group to develop a single international method of
reporting pavement strengths. The study group developed, and ICAO adopted, the
Aircraft Classification Number - Pavement Classification Number (ACN-PCN) method.
Using this method, it is possible to express the effect of an individual aircraft on
different pavements with a single unique number that varies according to aircraft weight
and configuration (e.g. tire pressure, gear geometry, etc.), pavement type, and subgrade
strength. This number is the Aircraft Classification Number (ACN). Conversely, the
load-carrying capacity of a pavement can be expressed by a single unique number,
without specifying a particular aircraft or detailed information about the pavement
structure. This number is the Pavement Classification Number (PCN).

1.21 Definition of ACN.

ACN is a number that expresses the relative effect of an aircraft at a given configuration
on a pavement structure for a specified standard subgrade strength.

1.2.2 Definition of PCN.

PCN is a number that expresses the load-carrying capacity of a pavement for
unrestricted operations.

1.2.3  System Methodology.

The ACN-PCN system is structured so a pavement with a particular PCN value can
support an aircraft that has an ACN value equal to or less than the pavement’s PCN
value. This is possible because ACN and PCN values are computed using the same
technical basis.

13 Application.

The use of the standardized method of reporting pavement strength applies only to
pavements with bearing strengths of 12,500 pounds (5 700 kg) or greater. The method
of reporting pavement strength for pavements of less than 12,500 pounds (5 700 kg)
bearing strength remains unchanged.

1-1
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14 Limitations of the ACN-PCN System.

The ACN-PCN system is only intended as a method that airport operators can use to
evaluate acceptable operations of aircraft. It is not intended as a pavement design or
pavement evaluation procedure, nor does it restrict the methodology used to design or
evaluate a pavement structure.
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CHAPTER 2. DETERMINATION OF AIRCRAFT CLASSIFICATION NUMBER

2.1 Determination of the ACN.
The aircraft manufacturer provides the official computation of an ACN value.
Computation of the ACN requires detailed information on the operational
characteristics of the aircraft, such as maximum aft center of gravity, maximum ramp
weight, wheel spacing, tire pressure, and other factors.

2.2 Subgrade Category.

The ACN-PCN method adopts four standard levels of subgrade strength for rigid
pavements and four levels of subgrade strength for flexible pavements. These standard
support conditions are used to represent a range of subgrade conditions as shown in
Tables 2-1 and 2-2.

Table 2-1. Standard Subgrade Support Conditions for Rigid Pavement ACN Calculation

Subgrade Subgrade Support

Represents Code
Strength k-Value ) ) .
Category oci (MN/m3) pci (MN/m3) Designation
High 552.6 (150) k >442 (>120) A
Medium 294.7 (80) 221<k<442 (60<k<120) B
Low 147.4 (40) 92<k<221 (25<k<60) C
Ultra Low 73.7 (20) k<92 (<25) D

Table 2-2. Standard Subgrade Support Conditions for Flexible Pavement ACN Calculation

Subgrade
(S:gtiggtrr;/ Subg rBaRC’j?VSaTEE o Represents Des%c;]daiion
High 15 CBR>13 A
Medium 10 8<CBR<13 B
Low 6 4<CBR<8 C
Ultra Low 3 CBR<4 D

2.3 Operational Frequency.
Operational frequency is defined in terms of coverages that represent a full-load
application on a point in the pavement. Coverages must not be confused with other
common terminology used to reference movement of aircraft. As an aircraft moves
along a pavement section it seldom travels in a perfectly straight path or along the exact

2-1
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same path as before. This movement is known as aircraft wander and is assumed to be
modeled by a statistically normal distribution. As the aircraft moves along a taxiway or
runway, it may take several trips or passes along the pavement for a specific point on
the pavement to receive a full-load application. It is easy to observe the number of
passes an aircraft may make on a given pavement, but the number of coverages must be
mathematically derived based upon the established pass-to-coverage ratio for each
aircraft.

2.4 Rigid Pavement ACN.

For rigid pavements, the aircraft landing gear flotation requirements are determined by
the Westergaard solution for a loaded elastic plate on a Winkler foundation (interior
load case), assuming a concrete working stress of 399 psi (2.75 MPa).

25 Flexible Pavement ACN.

For flexible pavements, aircraft landing gear flotation requirements are determined by
the California Bearing Ratio (CBR) method for each subgrade support category. The
CBR method employs a Boussinesq solution for stresses and displacements in a
homogeneous, isotropic elastic half-space.

2.6 ACN Calculation.

Using the parameters defined for each type of pavement section, a mathematically
derived single wheel load is calculated to define the landing gear/pavement interaction.
The derived single wheel load implies equal stress to the pavement structure and
eliminates the need to specify pavement thickness for comparative purposes. This is
achieved by equating the thickness derived for a given aircraft landing gear to the
thickness derived for a single wheel load at a standard tire pressure of 181 psi (1.25
MPa). The ACN is defined as two times the derived single wheel load (expressed in
thousands of kilograms).

2.7 Variables Involved in Determination of ACN Values.

Because aircraft can be operated at various weight and center of gravity combinations,
ICAO adopted standard operating conditions for determining ACN values. The ACN is
to be determined at the weight and center of gravity combination that creates the
maximum ACN value. Tire pressures are assumed to be those recommended by the
manufacturer for the noted conditions. Aircraft manufacturers publish maximum weight
and center of gravity information in their Aircraft Characteristics for Airport Planning
(ACAP) manuals. To standardize the ACN calculation and to remove operational
frequency from the relative rating scale, the ACN-PCN method specifies that ACN
values be determined at a frequency of 10,000 coverages.
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CHAPTER 3. DETERMINATION OF ACN-PCN VALUES USING COMFAA

3.1 Availability of COMFAA Software Application.

To facilitate the use of the ACN-PCN system, the FAA developed a software
application that calculates ACN values using the procedures and conditions specified by
ICAOQ and can be used to determine PCN values following the procedures in this AC.
The software is called COMFAA and may be downloaded along with its source code
and supporting documentation from the FAA website.* The program is useful for
determining an ACN value under various conditions; however, official ACN values are
provided by the aircraft manufacturer.

3.2 Origin of the COMFAA Program.

Appendix 2 of the ICAO Aerodrome Design Manual, Part 3, Pavements, Second
Edition, provides procedures for determining the Aircraft Classification Number
(ACN). The appendix provides program code for two FORTRAN software applications
capable of calculating the ACN for various aircraft on rigid and flexible pavement
systems. The computer program listings in Appendix 2 of the ICAO manual were
optically scanned and the FORTRAN code translated into Visual Basic 6.0 for
incorporation into COMFAA.

3.3 COMFAA Program.

The COMFAA software is a general purpose program that operates in two
computational modes: ACN Computation Mode and Pavement Thickness Mode.

3.3.1 ACN Computation Mode.

e Calculates the ACN number for aircraft on flexible pavements.
e Calculates the ACN number for aircraft on rigid pavements.

e Calculates flexible pavement thickness based on the ICAO procedure (CBR
method) for default values of CBR (15, 10, 6, and 3).

e Calculates rigid pavement slab thickness based on the ICAO procedures (Portland
Cement Association method, interior load case) for default values of k (552.6,
294.7, 147.4, and 73.7 Ib/in® [150, 80, 40, and 20 MN/m?]).

Note: Thickness calculation in the ACN mode is for specific conditions identified by
ICAO for determination of ACN and not intended to be used to design a new pavement.
For flexible pavements, a standard tire pressure of 181 psi (1.25 MPa) and 10,000
coverages is specified. For rigid pavements, an allowable stress level of 399 psi is
identified by ICAO. The thickness calculated in ACN mode has meaning for
determining allowable pavement loading only for the specific conditions identified by
ICAOQ. (Appendix C has more details.)

! See http://www.faa.gov/airports/engineering/design_software/. This software is in the public domain.

3-1
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3.3.2 Pavement Thickness Mode.

e Calculates total flexible pavement thickness based on the FAA CBR method
specified in AC 150/5320-62, Airport Pavement Design and Evaluation, for CBR
values and coverage levels specified by the user.

e Calculates rigid pavement slab thickness based on the FAA Westergaard method
(edge load analysis) specified in AC 150/5320-6 for k values and coverage levels
specified by the user.

Note: The pavement thickness requirements associated with the ACN-PCN procedures
are based upon historical procedures identified in previous versions of AC 150/5320-6.
The FAA has replaced these procedures for pavement design with new procedures.

3.4 Internal Aircraft Library.

COMFAA contains an internal library of aircraft covering most large commercial and
U.S. military aircraft currently in operation. The internal library is based on aircraft
information provided directly by aircraft manufacturers or obtained from ACAP
Manuals. The default characteristics of aircraft in the internal library represent the
ICAO standard conditions for calculation of ACN. These characteristics include center
of gravity at the maximum aft position for each aircraft in the ACN mode. Changes to
characteristics of internal library aircraft are not permanent unless the internal library
aircraft is added to an external library.

3.5 External Aircraft Library.

3.5.1 COMFAA allows for an external aircraft library where characteristics of the aircraft can
be changed and additional aircraft added as desired. Functions permit users to modify
the characteristics of an aircraft and save the modified aircraft in the external library.
There are no safeguards in the COMFAA program to assure that aircraft parameters in
the external library are feasible or appropriate. The user is responsible for assuring all
data is correct.

3.5.2  When saving an aircraft from the internal library to the external library, the COMFAA
program will calculate the tire contact area based upon the gross load, maximum aft
center of gravity, and tire pressure. This value is recorded in the external library and is
used for calculating the pass-to-coverage (P/C) ratio in the pavement thickness mode.
Since the tire contact area is constant, the P/C ratio is also constant in the pavement
thickness mode. This fixed P/C ratio should be used for converting passes to coverages
for pavement thickness determination and equivalent aircraft operations.

2 New FAA layered elastic and finite element pavement design procedures were adopted in AC 150/5320-6E. The
pavement thickness mode uses the FAA CBR method and the FAA Westergaard method, identified in previous
versions of AC 150/5320-6. These historical procedures are consistent with the ACN/PCN method, an
internationally used standard published by ICAQ. Data from the historical procedures relative to the existing ICAO
standard are included in this AC.
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3.6 Using the COMFAA Program.

Using the COMFAA program to calculate ACN values to determine PCN is visually
interactive and intuitive.

3.6.1 ACN.
The user—

e Selects the desired aircraft,

e Confirms the physical properties of the aircraft. Only gross weight, percent gross
weight on main gear, and tire pressure are changeable. All other properties are fixed
by the ICAO standard.

e Clicks on the “MORE” button, and

e Clicks on the ACN Flexible or ACN Rigid button to determine the ACN for the four
standard subgrade conditions.

e Clicks on the “Details” button to view parameters used to compute ACN.
3.6.2 PCN.

3.6.2.1 The user—
e Adds the runway traffic mix aircraft to an external file,

e Confirms the physical properties of each individual aircraft in the traffic
mix,

e Inputs either annual departures or coverages of the aircraft,
e Inputs the evaluation thickness and the subgrade support strength,
e Inputs the concrete strength if analyzing a rigid pavement,

e Clicks on the “LESS” button to activate the PCN Batch computational
mode, and

e Clicks on the PCN Flexible Batch or PCN Rigid Batch button to
determine the PCN of the pavement.

e Clicks on the “Details” button to view the Results Tables.

3.6.2.2 The program includes a help file to assist users. Figures 3-1, 3-2, and 3-3
summarize the operation of the COMFAA program.

3-3
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Figure 3-1. Computational Modes of the COMFAA Program
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Figure 3-2. Operation of the COMFAA Program in ACN Mode

{5 COMFAA 3.0, August 26, 2011 - E\COMfaastills\5335-5b-table a2-1 exampled 2-12-12. Ext
# =254 in ¥ =591 in Edit'w'lmal.t
1. Select e — A3D0-BA STD P
Aircraft Main Gear Footprint
G"—“—'P- : Deselzct Mowe
-~ Libwary Fmennns
e Lruarl Ext Save Ext
e File
TT— . Hemave
Jmcrnlt Aircral
2. Select e Open Aircralt Window
A_I rcraft from BH.’:ELI.I.I ER Miscellaneous Funchions
Library. e e 5b. Click to peai | et
5a. Click to Calculate
Calculate Rigid ACN. Atout
Flexible ACN.
3. Confirm [~ PCA Thick
Aircraft ) [~ PCA MGW
Parameters. P™ Gross Weight [bs)
AW W e H Life " Int Sudl © Edge Stess
Mo, Masn Geais .
Whels on Main Goar Flesible figd | LESS |
Tine Pressure [psi] - : _<<_<
< Alpha Used ~ ~ = = -
PaszdTiallic Cycle [PATC CAA  Flext in ACM Flex k. Iba/in®3  Rigt in AN Rig
Annusal Departures 1.0 S56.80 77 7.7 16.57 75.5
= = E Flex 20ys Cavs, P/T = 1.82 6.0 36.07 4] 147.4 14.497 (18-
Critical Airciaft 8 "Rig 20 Covs, PAC = 3.65) g0, M0 2452 51.6 24T 1327 57.3
S Reiggicd Cutiodf [Rimes org i 150 1B.1B 463 5526 11.69 4B.5
Rigid Computation Finished ? |Evnh|ahnr| Thlclnf || Hr | ‘
6a. Flexible
4. CllckACN / ACN values —
Calculation for all Eh. Rigid ACN
Button. Subarad values for all
ubgrade Subgrade
Codes Codes

3-5



08/14/14

Figure 3-3. Operation of the COMFAA Program in PCN Batch Mode
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CHAPTER 4. DETERMINATION OF PCN NUMERICAL VALUE

4.1 PCN Concept.

The determination of a pavement rating in terms of PCN is a process of (1) determining
the ACN for each aircraft considered to be significant to the traffic mixture operating of
the subject pavement and (2) reporting the ACN value as the PCN for the pavement
structure. Under these conditions, any aircraft with an ACN equal to or less than the
reported PCN value can safely operate on the pavement subject to any limitations on
tire pressure.

Note: PCN values determined in accordance with this AC depend upon the aircraft
traffic used to determine the PCN value. Airports should re-evaluate their posted PCN
value if significant changes to the original aircraft traffic occur.

4.2 Determination of Numerical PCN Value.

Determination of the numerical PCN value for a particular pavement can be based upon
one of two procedures: the “Using” aircraft method or the “Technical” evaluation
method. ICAO procedures permit member states to determine how PCN values will be
determined based upon internally developed pavement evaluation procedures. Either
procedure may be used to determine a PCN, but the methodology used must be reported
as part of the posted rating.

4.3 Using Aircraft Method to Determine PCN.

The Using aircraft method is a simple procedure where ACN values for all aircraft
currently permitted to use the pavement facility are determined and the largest ACN
value is reported as the PCN. This method is easy to apply and does not require
detailed knowledge of the pavement structure. Figures 4-1 and 4-2 show an example of
the Using Aircraft Method. The subgrade support category IS NOT a critical input
when reporting PCN based on the Using Aircraft Method. The recommended subgrade
support category when information IS NOT available should be Category B.

4.3.1 Assumptions of the Using Aircraft Method.

An underlying assumption with the Using aircraft method is that the pavement structure
has the structural capacity to accommodate all aircraft in the traffic mixture, and that
each aircraft is capable of operating on the pavement structure without weight
restriction. From a technical point of view, the Using Aircraft method assumes that the
number of total operations is equal to 10,000 coverages of the using aircraft with the
highest ACN. The methodology used to determine ACN/PCN does not consider the
critical design aircraft used to determine airport dimensional requirements.

4.3.2 Inaccuracies of the Using Aircraft Method.

The accuracy of this method is greatly improved when aircraft traffic information is
available. Significant over-estimation of the pavement capacity can result if an
excessively damaging aircraft, which uses the pavement on a very infrequent basis, is
used to determine the PCN. Likewise, significant under-estimation of the pavement
capacity can lead to uneconomic use of the pavement by preventing acceptable traffic
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from operating. Although there are no minimum limits on frequency of operation
before an aircraft is considered part of the normal traffic, the reporting agency must use
a rational approach to avoid overstating or understating the pavement capacity. A
consistent method based on a design period minimum frequency is recommended and
presented in Appendix C. The frequency recommended is equal to 1,000 coverages of
the aircraft with the highest ACN for the Using method.

Note: Use of the Using aircraft method is discouraged on a long-term basis due to the
concerns listed above.

Figure 4-1. Operation of COMFAA ACN Only Program, Version in Batch Mode
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Figure 4-2. COMFAA Program, ACN Only Version in Batch Mode
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4.4 Technical Evaluation Method to Determine PCN.

441  The strength of a pavement section is difficult to summarize in a precise manner and
will vary depending on the unique combination of aircraft loading conditions, frequency
of operation, and pavement support conditions. The technical evaluation method
attempts to address these and other site-specific variables to determine reasonable
pavement strength. In general terms, for a given pavement structure and given aircratft,
the allowable number of operations (traffic) will decrease as the intensity of pavement
loading increases (increase in aircraft weight). It is entirely possible that two pavement
structures with different cross-sections will report similar strength. However, the
permissible aircraft operations will be considerably different. This discrepancy must be
acknowledged by the airport operator and may require operational limitations
administered outside of the ACN-PCN system. All of the factors involved in
determining a pavement rating are important, and it is for this reason that pavement
ratings should not be viewed in absolute terms, but rather as estimations of a
representative value. A successful pavement evaluation is one that assigns a pavement
strength rating that considers the effects of all variables on the pavement.

4.4.2  The accuracy of a technical evaluation is better than that produced with the Using
aircraft procedure but requires a considerable increase in time and resources. Pavement
evaluation may require a combination of on-site inspections, load-bearing tests, and
engineering judgment. It is common to think of pavement strength rating in terms of
ultimate strength or immediate failure criteria. However, pavements are rarely removed
from service due to instantaneous structural failure. A decrease in the serviceability of
a pavement is commonly attributed to increases in surface roughness or localized
distress, such as rutting or cracking. Determination of the adequacy of a pavement
structure must not only consider the magnitude of pavement loads but the impact of the
accumulated effect of traffic volume over the intended life of the pavement. The

4-3
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subgrade support category is a necessary input when reporting PCN based on the
Technical Method.

Note: There is no recommended subgrade support category when information is not

available.

4421

4422

4423

Determination of the PCN Value.

The PCN numerical value is determined from an allowable load rating.
While it is important not to confuse the PCN value with a pavement design
parameter, the PCN is developed in a similar fashion. An allowable load
rating is determined by applying the same principles as those used for
pavement design. The process for determining the allowable load rating
takes factors such as frequency of operations and permissible stress levels
into account. Allowable load ratings are often discussed in terms of
aircraft gear type and maximum gross aircraft weight, as these variables are
used in the pavement design procedure. Missing from the allowable load
rating, but just as important, is frequency of operation. In determining an
allowable load rating, the evaluation must address whether the allowable
load rating represents the pavement strength over a reasonable frequency of
operation. Once the allowable load rating is established, the determination
of the PCN value is a simple process of determining the ACN of the aircraft
representing the allowable load and reporting the value as the PCN.

Concept of Equivalent Traffic.

The ACN-PCN method is based on design procedures that evaluate one
aircraft against the pavement structure. Calculations necessary to
determine the PCN can only be performed for one aircraft at a time. The
ACN-PCN method does not directly address how to represent a traffic
mixture as a single aircraft. To address this limitation, the FAA uses the
equivalent annual departure concept to consolidate entire traffic mixtures
into equivalent annual departures of one representative aircraft. The
procedure for evaluating equivalent annual departures for a given aircraft
from a traffic mixture is based on the cumulative damage factor concept
discussed in Appendix A.

Counting Aircraft Operations.

When evaluating or designing a pavement section, it is important to account
for the number of times the pavement will be stressed. As discussed in
paragraph 2.2, an aircraft may have to pass over a given section of
pavement numerous times before the portion of pavement considered for
evaluation receives one full stress application. While statistical procedures
exist to determine the passes required for one full stress application, the
evaluation of a pavement section for PCN determination must also consider
how aircraft use the pavement in question. The FAA uses a conservative
approach for pavement design procedures by assuming that each aircraft
using the airport must land and take off once per cycle. Since the arrival
or landing weight of the aircraft is usually less than the departure weight,
the design procedure only counts one pass at the departure weight for
analysis. The one pass at departure weight is considered as one annual
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departure and the arrival event is ignored. Appendix A provides a detailed
discussion of traffic analysis.

45 Limitations of the PCN.

The PCN value should not be used for pavement design or as a substitute for evaluation.
Pavement design and evaluation are complex engineering problems that require detailed
analyses. They cannot be reduced to a single number. The PCN rating system uses a
continuous scale to compare pavement capacity where higher values represent
pavements with larger load capacity.

4.6 Reporting the PCN.

The PCN system uses a coded format to maximize the amount of information contained
in a minimum number of characters and to facilitate computerization. The PCN for a
pavement is reported as a five-part number where the following codes are ordered and
separated by forward slashes: Numerical PCN value / Pavement type / Subgrade
category / Allowable tire pressure / Method used to determine the PCN. An example of
a PCN code is 80/R/B/WI/T, which is further explained in paragraph 4.6.6.

46.1 Numerical PCN Value.

The PCN numerical value indicates the load-carrying capacity of a pavement in terms
of a standard single wheel load at a tire pressure of 181 psi (1.25 MPa). The PCN value
should be reported in whole numbers, rounding off any fractional parts to the nearest
whole number. For pavements of diverse strengths, the controlling PCN numerical
value for the weakest segment of the pavement should normally be reported as the
strength of the pavement. Engineering judgment may be required in that if the weakest
segment is not in the most heavily used part of the runway, then another representative
segment may be more appropriate to determine PCN.

4.6.2 Pavement Type.

For the purpose of reporting PCN values, pavement types are considered to function as
either flexible or rigid structures. Table 4-1 lists the pavement codes for the purposes of
reporting PCN.

Table 4-1. Pavement Codes for Reporting PCN

Pavement Type Pavement Code
Flexible F
Rigid R

4.6.2.1 Flexible Pavement.

Flexible pavements support loads through bearing rather than flexural
action. They comprise several layers of selected materials designed to
gradually distribute loads from the surface to the layers beneath. The
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design ensures that load transmitted to each successive layer does not
exceed the layer’s load-bearing capacity.

Rigid Pavement.

Rigid pavements employ a single structural layer, which is very stiff or rigid
in nature, to support the pavement loads. The rigidity of the structural layer
and resulting beam action enable rigid pavement to distribute loads over a
large area of the subgrade. The load-carrying capacity of a rigid structure is
highly dependent upon the strength of the structural layer, which relies on
uniform support from the layers beneath.

Composite Pavement.

Various combinations of pavement types and stabilized layers can result in
complex pavements that could be classified as between rigid or flexible. A
pavement section may comprise multiple structural elements representative
of both rigid and flexible pavements. Composite pavements are most often
the result of pavement surface overlays applied at various stages in the life
of the pavement structure. If a pavement is of composite construction, the
pavement type should be reported as the type that most accurately reflects
the structural behavior of the pavement. The method used in computing
the PCN is the best guide in determining how to report the pavement type.
For example, if a pavement is composed of a rigid pavement with a
bituminous overlay, the usual manner of determining the load-carrying
capacity is to convert the pavement to an equivalent thickness of rigid
pavement. In this instance, the pavement type should be reported as a rigid
structure. A general guideline is that when the bituminous overlay reaches
75 to 100 percent of the rigid pavement thickness the pavement can be
considered as a flexible pavement. It is permissible to include a note stating
that the pavement is of composite construction but only the rating type, “R”
or “F”, is used in the assessment of the pavement load capacity.

Subgrade Strength Cateqgory.

As discussed in paragraph 2.1, there are four standard subgrade strengths identified for
calculating and reporting ACN or PCN values. Tables 2-1 and 2-2 list the values for
rigid and flexible pavements.

Allowable Tire Pressure.

Table 4-2 lists the allowable tire pressure categories identified by the ACN-PCN
system. The tire pressure codes apply equally to rigid or flexible pavement sections;
however, the application of the allowable tire pressure differs substantially for rigid and
flexible pavements.
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Table 4-2. Tire Pressure Codes for Reporting PCN

4.6.5

Category Code Tire Pressure Range
Unlimited wW No pressure limit
High X Pressure limited to 254 psi (1.75 MPa)
Medium Y Pressure limited to 181 psi (1.25 MPa)
Low Z Pressure limited to 73 psi (0.50 MPa)

46.4.1 Tire Pressures on Rigid Pavements.

Aircraft tire pressure will have little effect on pavements with Portland
cement concrete (concrete) surfaces. Rigid pavements are inherently strong
enough to resist tire pressures higher than currently used by commercial
aircraft and can usually be rated as code W.

4.6.4.2 Tire Pressures on Flexible Pavements.

Tire pressures may be restricted on asphaltic concrete (asphalt), depending
on the quality of the asphalt mixture and climatic conditions. Tire pressure
effects on an asphalt layer relate to the stability of the mix in resisting
shearing or densification. A poorly constructed asphalt pavement can be
subject to rutting due to consolidation under load. The principal concern in
resisting tire pressure effects is with stability or shear resistance of lower
quality mixtures. A properly prepared and placed mixture that conforms to
FAA specification Item P-401 can withstand substantial tire pressure in
excess of 218 psi (1.5 Mpa). Item P-401, Hot Mix Asphalt (HMA)
Pavements, is provided in the current version of AC 150/5370-10,
Standards for Specifying Construction of Airports. Improperly prepared
and placed mixtures can show distress under tire pressures of 100 psi (0.7
MPa) or less. Although these effects are independent of the asphalt layer
thickness, pavements with well-placed asphalt of 4 to 5 inches (10.2 to 12.7
cm) in thickness can generally be rated with code X or W, while thinner
pavement of poorer quality asphalt should not be rated above code Y.

Method Used to Determine PCN.

The PCN system recognizes two pavement evaluation methods. If the evaluation
represents the results of a technical study, the evaluation method should be coded T. If
the evaluation is based on “Using aircraft” experience, the evaluation method should be
coded U. Technical evaluation implies that some form of technical study and
computation were involved in the determination of the PCN. Using aircraft evaluation
means the PCN was determined by selecting the highest ACN among the aircraft
currently using the facility and not causing pavement distress. PCN values computed
by the technical evaluation method should be reported to the NASR database and shown
on the FAA Form 5010, Airport Master Record. Publication of a Using aircraft
evaluation in the Airport Master Record, Form 5010, and the NASR database is
permitted only by mutual agreement between the airport owner and the FAA.
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4.6.6 Example PCN Reporting.

An example of a PCN code is 80/R/B/W/T—with 80 expressing the PCN numerical
value, R for rigid pavement, B for medium strength subgrade, W for high allowable tire
pressure, and T for a PCN value obtained by a technical evaluation.

46.7 Report PCN Values to FAA (See Appendix E).

Once a PCN value and the coded entries are determined, the PCN code should be
reported to the appropriate regional FAA Airports Division, either in writing or as part
of the annual update to the Airport Master Record, FAA Form 5010-1. The PCN code
will be disseminated by the National Flight Data Center through aeronautical
publications such as the Airport/Facility Directory (AFD) and the Aeronautical
Information Publication (AIP). An aircraft’s ACN can then be compared with published
PCN’s to determine if pavement strength places any restrictions on the aircraft
operating on that pavement, such as the aircraft’s tire pressure or load.

4-8
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APPENDIX A. EQUIVALENT TRAFFIC

Al Equivalent Traffic.

A.1.1 A detailed method based on the cumulative damage factor (CDF) procedure allows the
calculation of the combined effect of multiple aircraft in the traffic mix for an airport.
This combined traffic is brought together into the equivalent traffic of a critical aircraft.
This is necessary since the procedure used to calculate ACN allows only one aircraft at
a time. By combining all of the aircraft in the traffic mix into an equivalent critical
aircraft, calculation of a PCN that includes the effects of all traffic becomes possible.
The methodology used to determine ACN/PCN does not consider the critical design
aircraft used to determine airport dimensional requirements.

A.1.2 The assessment of equivalent traffic, as described in this section, is needed only in the
process of determining PCN using the technical method and may be disregarded when
the Using aircraft method is employed.

A.1.3 Inorder to arrive at a technically derived PCN, it is necessary to determine the
maximum allowable gross weight of each aircraft in the traffic mixture, which will
generate the known pavement structure. This in turn requires that the pavement cross-
section and aircraft loading characteristics be examined in detail. Consequently, the
information presented in this appendix appears at first to apply to pavement design
rather than a PCN determination. However, with this knowledge in hand, an engineer
will be able to arrive at a PCN that will have a solid technical foundation.

A2 Equivalent Traffic Terminology.

In order to determine a PCN, based on the technical evaluation method, it is necessary
to define common terms used in aircraft traffic and pavement loading. The terms
arrival, departure, pass, coverage, load repetition, operation, and traffic cycle are often
used interchangeably by different organizations when determining the effect of aircraft
traffic operating on a pavement. It is important to determine which aircraft movements
need be counted when considering pavement stress and how the various movement
terms apply in relation to the pavement design and evaluation process. For the purposes
of this document, they are differentiated as follows:

A.2.1 Arrival (Landing) and Departure (Takeoff).

Typically, aircraft arrive at an airport with a lower amount of fuel than is used at
takeoff. As a consequence, the stress loading of the wheels on the runway pavement is
less when landing than at takeoff due to the lower weight of the aircraft as a result from
the fuel used during flight and the lift on the wings. This is true even at the touchdown
impact in that there is still lift on the wings, which alleviates the dynamic vertical force.
Because of this, the FAA pavement design procedure only considers departures and
ignores the arrival traffic count. However, if the aircraft do not receive additional fuel
at the airport, then the landing weight will be substantially the same as the takeoff
weight (discounting the changes in passenger count and cargo), and the landing
operation should be counted as a takeoff for pavement stress loading cycles. In this
latter scenario, there are two equal load stresses on the pavement for each traffic count
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(departure), rather than just one. Regardless of the method of counting load stresses, a
traffic cycle is defined as one takeoff and one landing of the same aircraft, subject to a
further refinement of the definition in the following text.

Pass.

A pass is a one-time movement of the aircraft over the runway pavement. It could be an
arrival, a departure, a taxi operation, or all three, depending on the loading magnitude
and the location of the taxiways. Figure A-1 shows typical traffic patterns for runways
having either parallel taxiways or central taxiways. A parallel taxiway requires that
none or very little of the runway be used as part of the taxi movement. A central
taxiway requires that a large portion of the runway be used during the taxi movement.

Figure A-1. Traffic Load Distribution Patterns
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Figure Al-1b. Runway with Central Taxiway

A221 Parallel Taxiway Scenario.

In the case of the parallel taxiway, shown as Figure Al-1a in Figure A-1,
two possible loading situations can occur. Both of these situations assume
that the passenger count and cargo payload are approximately the same for
the entire landing and takeoff cycle:

1. If the aircraft obtains fuel at the airport, then a traffic cycle consists of
only one pass since the landing stress loading is considered at a reduced
level, which is a fractional equivalence. For this condition only the
takeoff pass is counted, and the ratio of passes to traffic cycles (P/TC)
is1.

2. If the aircraft does not obtain fuel at the airport, then both landing and
takeoff passes should be counted, and a traffic cycle consists of two
passes of equal load stress. In this case, the P/TC ratio is 2.
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Central Taxiway Scenario.

For a central taxiway configuration, shown as Figure Al-1b in Figure A-1,
there are also two possible loading situations that can occur. As was done
for the parallel taxiway condition, both of these situations assume that the

payload is approximately the same for the entire landing and takeoff cycle:

1. If the aircraft obtains fuel at the airport, then both the takeoff and taxi to

takeoff passes should be counted since they result in a traffic cycle
consisting of two passes at the maximum load stress. The landing pass

can be ignored in this case. It is recognized that only part of the runway
is used during some of these operations, but it is conservative to assume

that the entire runway is covered each time a pass occurs. For this
situation, the P/TC ratio is 2.

2. If the aircraft does not obtain fuel at the airport, then both the landing
and takeoff passes should be counted, along with the taxi pass, and a
traffic cycle consists of three passes at loads of equal magnitude. In
this case, the P/TC ratio is 3.

A simplified, but less conservative, approach would be use a P/TC ratio of 1

for all situations. Since a landing and a takeoff only apply full load to
perhaps the end third of the runway (opposite ends for no shift in wind
direction), this less conservative approach could be used to count one pass
for both landing and takeoff. However, the FAA recommends conducting
airport evaluations on the conservative side, which is to assume any one of
the passes covers the entire runway.

Table A-1 summarizes the standard P/TC ratio discussion.

Table A-1. Standard P/TC Ratio Summary (see Note)

P/TC P/TC
Fuel Obtained at the Airport No Fuel Obtained at the Airport

(i.e. departure gross weight more  (i.e. departure gross weight same
than arrival gross weight.) as arrival gross weight.)

Parallel

Central

1 2
2 3

Note: The standard P/TC ratios are whole numbers 1, 2, and 3. The range of values that
can be entered in the software is 0.001 thru 10.0. This feature allows flexibility in those
instances where a fraction of the total traffic may use different runways or other
pavements. For example, a P/TC ratio of 0.5 multiplies the coverages of each aircraft by
0.5, which will increase the PCN of the pavement.

A-3
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When an aircraft moves along a runway, it seldom travels in a perfectly
straight line or over the exact same wheel path as before. It will wander on
the runway with a statistically normal distribution. One coverage occurs
when a unit area of the runway has been traversed by a wheel of the aircraft
main gear. Due to wander, this unit area may not be covered by the wheel
every time the aircraft is on the runway. The number of passes required to
statistically cover the unit area one time on the pavement is expressed by
the pass to coverage (P/C) ratio.

Although the terms coverage and P/C ratio have commonly been applied to
both flexible and rigid pavements, the P/C ratio has a slightly different
meaning when applied to flexible pavements as opposed to rigid pavements.
This is due to the manner in which flexible and rigid pavements are
considered to react to various types of gear configurations. For gear
configurations with wheels in tandem, such as dual tandem (2D) and triple
dual tandem (3D), the ratios are different for flexible and rigid pavements,
and using the same term for both types of pavements may become
confusing. It is incumbent upon the user to select the proper value for
flexible and rigid pavements.

Aircraft passes can be determined (counted) by observation but coverages
are used by the COMFAA program. The P/C ratio is necessary to convert
passes to coverages for use in the program. This ratio is different for each
aircraft because of the different number of wheels, main gear
configurations, tire contact areas, and load on the gear. Fortunately, the P/C
ratio for any aircraft is automatically determined by the COMFAA program
and the user only need be concerned with passes.

The meaning of this term is unclear when used in pavement design or evaluation. It
could mean a departure at full load or a landing at minimal load. It is often used
interchangeably with pass or traffic cycle. When this description of an aircraft activity
is used, additional information should be supplied. It is usually preferable to use the
more precise terms described in this section.

Annual Departure and Traffic Cycle Ratio.

A251

The FAA standard for counting traffic cycles at an airport for pavement
design purposes is to count one landing, one taxi, and one take-off as a
single event called a departure. For pavement evaluation related to
determination of PCN, it may be necessary to adjust the number of traffic
cycles (departures) based upon the scenarios discussed in paragraph 1.1b of
this appendix. Similar to the discussion above regarding P/C ratio, the
traffic cycle to coverage (TC/C) ratio is needed to finalize the equivalent
traffic determination. The TC/C ratio differs when applied to flexible
pavements as opposed to rigid pavements. The ratio in flexible pavement,
rather than passes to coverages, is required since there could be one or more

A-4



08/14/14

A3

A3l

AC 150/5335-5C
Appendix A

passes per traffic cycle. When only one pass on the operating surface is
assumed for each traffic count, then the P/C ratio is sufficient. However,
when situations are encountered where more than one pass is considered to
occur during the landing to takeoff cycle, then the TC/C ratio is necessary
in order to properly account for the effects of all of the traffic. These
situations occur most often when there are central taxiways or fuel is not
obtained at the airport.

A252 Equation A-1 translates the P/C ratio to the TC/C ratio for flexible and rigid
pavements by including the previously described ratio of passes to traffic
cycles (P/TC):

TC/C=P/C+P/TC (Equation A-1)

Where:
TC = Traffic Cycles
= Coverages
P = Passes

A.25.3 Since the COMFAA program will automatically determine passes to
coverages and convert annual departures to coverages, the conditions
described in paragraph A.2.2 can be addressed by simply multiplying
annual departures by the pass to traffic cycle (P/TC) ratio. COMFAA
requires the P/TC ratio parameter and will automatically perform this
multiplication.

Equivalent Traffic Calculations.

In order to complete the equivalent traffic calculations for converting one of the aircraft
in the mix to another, a procedure based on cumulative damage factor (CDF) is used.
The CDF method is similar to the one used in the design procedures embodied in the
design program FAARFIELD, required by AC 150/5320-6, and provides more
consistent results than the wheel load method (as in FAA’s CBR and Westergaard
methods) when the traffic mix contains a wide range of gear geometries and strut loads.
The primary difference between the CDF procedure used here and the one in
FAARFIELD is that in FAARFIELD, the CDF is summed over all aircraft to produce
the criterion for design whereas in the procedure used here the CDF methodology is
used to convert the traffic for the complete mix into an equivalent number of coverages
of one of the aircraft in the mix. That aircraft is designated the “critical” aircraft or
“most demanding” aircraft for PCN determination or the “design” aircraft for thickness
design (FAA’s CBR and Westergaard methods). The wheel load method is briefly
described before describing the CDF method.
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A.3.2 Inthe wheel load method, select one of the aircraft in the mix to be the critical aircraft
and then convert the traffic of the remaining aircraft into equivalent traffic of the critical
aircraft. First, with equation A-1, convert the traffic for the gear type of each of the
conversion aircraft into equivalent traffic for the same gear type as the critical aircraft.

_ (M-N)
TCerree =TCcpy x0.8 (Equation A-2)

Where:

TCenv

TCcrrcE

= the number of traffic cycles of the conversion aircraft.

= the number of traffic cycles of the critical aircraft
equivalent to the number of traffic cycles of the
conversion aircraft due to gear type equivalency.

= the number of wheels on the main gear of the
conversion aircraft.

= the number of wheels on the main gear of the critical
aircraft.

A.3.3 Second, with equation A-3, convert the gear equivalency traffic cycles into equivalent
traffic based on load magnitude.

Log (TCCRTE ) = Log (TCCRTGE )X

Or

TCCRTE = (TCCRTGE) Ve Mo

Where:

TCcrre

Weny

Wert

WC RT
WC NV

(Equation A-3)

= the number of traffic cycles of the critical aircraft
equivalent to the number of traffic cycles of the
conversion aircraft due to gear type and load magnitude
equivalencies.

= the wheel load of the conversion aircraft.

= the wheel load of the critical aircraft.

A.3.4  Alternatively, both operations can be combined into a single equation:

- Werr Moy
TCerre = (TCCNV x0.8" N))Ji (Equation A-4)
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A.3.5 Finally, the equivalent traffic cycles of all of the conversion aircraft are added to the
original traffic cycles of the critical aircraft to give the total equivalent traffic cycles of
the critical aircraft.

A.3.6 Inthe CDF method, the number of equivalent traffic cycles of the critical aircraft is
defined as the number of traffic cycles of the critical aircraft that will cause the same
amount of damage to the pavement as the number of traffic cycles of the conversion
aircraft, where damage is defined by CDF.

A.3.7 CDF is derived from Miner’s Rule, which states the damage induced in a structural
element is proportional to the number of load applications divided by the number of
load applications required to fail the structural element. In airport pavement design, load
applications are counted in coverages, so the relationship for calculating equivalent
traffic is first derived in terms of coverages.

Conv _ coverages of the conversion aircraft
Ccewe  Coverages tofail the pavement when loaded by theconversion aircraft

CDF,y =

= cumulative damage factor resulting from the coverages of the conversion aircraft

equivalent coverages of the critical aircraft

CDF — CCRTE —
CRTE coverages to fail the pavement when loaded by thecritical aircraft

CCRTF

= cumulative damage factor resulting from the equivalent coverages of the critical aircraft

A.3.8 CDF is the fraction of the total pavement life used up by operating the indicated aircraft
on the pavement. It therefore follows that the CDF for the equivalent critical aircraft is
equal to the CDF for the conversion aircraft. Or:

CCRTE — C:CNV and

CCRTF CNVF
C
CCRTE = CCiCCNV
CNVF (Equation A-5)

TCepy = PCepy X Cepy» and
TCerre = PClrr X Cepre

But:
Where:
TCcnv = the number of traffic cycles of the conversion aircraft.

TCcrre = the number of traffic cycles of the critical aircraft equivalent
to the number of traffic cycles of the conversion aircraft.

PCcny = pass-to-coverage ratio for the conversion aircraft.

PCcrr = pass-to-coverage ratio for the critical aircraft.
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Therefore, the equivalent traffic cycles of the critical aircraft by the CDF method is
given by:
PC.er C
TCerre = WCRTCCJTCCNV
CNV ~CNVF (Equation A-6)

Equation A-6 can be rewritten as:
CCRTEI = CCRTF x CDI:CNVI

Where:

CcrrEl = the number of equivalent coverages of the Ith aircraft in the
list, including the critical aircraft.

CDFcnyi = the CDF of the Ith aircraft in the list, including the critical
aircraft.

Summing over all aircraft in the list gives the total number of equivalent coverages of
the critical aircraft, Ccrretotal, aS:

N N N
Cerrerotal = ZCCRTEI = ZCCRTF x CDFeyy = Cepre ZCDFCNVI

1=1 1=1 1=1
Where N = the total number of aircraft in the list, including the critical
aircraft.

Defining the total CDF for the traffic mix, CDFr, as the total number of equivalent
coverages of the critical aircraft divided by the number of coverages to failure of the
critical aircraft, gives the equation:

N
CDFT — CCRTETotaI — ZCDFCNVI

CRTF =1 (Equation A-7)

The total CDF for the traffic mix is therefore, by this definition, the sum of the CDFs of
all of the aircraft in the traffic mix, including that of the critical aircraft.

Table A-2 shows how the above calculations are combined, using the COMFAA Life
calculation with the Batch option checked, to determine the equivalent traffic cycles of
the critical aircraft. The pavement is assumed to be a flexible structure 33.80 inches
thick on a CBR 8 subgrade. For this example, assume that the B747-400 is the critical
aircraft. Also assume that the P/TC ratio is 1.0 so Traffic Cycles equals Annual
Departures. Referring to the Top table, the CDF contribution of each aircraft on the
pavement is calculated by dividing 20-year Coverages (Column 7) by Life (Column 9),
with results shown in the Bottom portion of the table. The B747-400 is the assumed
critical aircraft, so the operations of all other aircraft are equated to the B747-400. The
results are shown in Column 11 of the Bottom portion of the table. Column 11 results
use equation A-6, i.e., (3000/0.6543)*Col. 10. The sum of the equivalent annual
departures (Equation A-7) indicates that all other aircraft are equivalent to 468
departures of the B747-400.
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Table A-2. Example of COMFAA Batch Life Calculations
CER = 8.00
Top Evaluation pavenent thickness = 33.80 in
|pesuics Tavie: Life Compucations Col 5 Col 7 Col 9
Cross Yorcent Tice Annual &D 20~yx Lite Coverages
Ne. Arerafe Nase Veight Cross Ve Press Deps Thick Coverages Thick co Fastlure (Life)
1  A300-B4 STD 365,747 94.00 216.1 1,500 29.96 16,456 33.80 310,137
2 A319-200 std 141,978 92.60 172.6 1,200 22.08 6,443 33.80 1,602,794.6R4003
3 Adv. B727-200 Basic 185,200 96.00 148.0 400 25.09 2,754 33.80 385,343
4 B737-300 140,000 90.06 20L:.0 6,000 28.129 31,003 33.80 2,730,009,4E4002
§ B747-400 877,000 93.32 200.0 3,000 33.15 34,410 33.80 $2,5%0
6 B767-200 IR 396,000 90.82 1%90.0 2,000 29.44 21,813 33.80 815,894
7 B777-200 iR 657,000 91.80 205.0 300 28.07 4,375 33.80 675,096
8 DC8-63 330,000 96.12 1%4.0 800 28.10 2,269 33.980 1,080,881
Bottom
Col. 1 Col 5 Col 7 Col 9 | Col 10 Col 11 £ o usi
Equivalent xample using
Col10=Col7/COl9 cor papartures | B747-400as the
A300-B4 STD 1,500 16,456 310,137 00531 243 critical aircraft
A319-100 sid 1,200 6,443 1.60E+09  0.0000 0 Col 11 converts
Adv. B727-200 Basic 400 2754 385343 00071 33 all to B747-400
B8737-300 6,000 31003 2.73E408  0.0001 1 departures
B747-400 3,000 34410 52590 06543 3,000 Col 11 =3.000
B767-200 ER 2,000 21813 815894 00267 123 o ol b
B777.200 ER 00 | 4375 67509 00065 30 e @0
DC8-63 800 9,269 1080551 00086 39 '
Totals | 07564 3468
CBR « 8.00 All Departures 3,468 > 0.7564 Life
Bvaluation pavesent thickness = 33,80 in converted to
Results Table: Life Coxputations B747-400 39778/52590 = 0.7564 Life
Gross Percent Tire Annual D 20-yx Life Coverages
No. Aircraft Naue Weight Gross We Press Deps Thick Coverages Thick to Failure (Life)
5§ B747-400 877,000 93.32 200.0 3,468 33,38 38,778 33.80 52,590
A.3.15 The Top portion of the table can be viewed in the Details window in the program after
executing the Life function for Flexible pavement with all computation features
available (shown when the “MORE” button is clicked). Pavement thickness and
subgrade strength must be entered in the program for the Life function to work
correctly. Results for all aircraft in the list will be computed and displayed if the Batch
box is checked. Otherwise, results for only one aircraft are displayed. Detailed
instructions are given later for operating the program.
A.3.16 Coverages to failure for each individual aircraft is computed in the program by

changing the number of coverages for that aircraft until the design thickness by the
CBR method (for flexible pavements) is the same as the evaluation pavement thickness,
in this case 33.8 inches. As explained above, CDF is the ratio of applied coverages to
coverages to failure, and is a measure of the amount of damage done to the pavement by
that aircraft over a period of 20 years (under the assumptions implicit in the design
procedure). If the CDF for any aircraft is equal to one, then the pavement is predicted to
fail in 20 years if it is the only aircraft in operation. If the sum of the CDFs for all
aircraft in the list is equal to one, then the pavement is predicted to fail in 20 years with
all of the aircraft operating at their assumed operating weights and annual departures.
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The sum of the CDFs in this example is 0.7564, indicating that the pavement is being
operated under a set of conservative assumptions.

A.3.17 It should be noted that the sum of the CDFs as calculated in COMFAA do not strictly
provide a prediction of pavement damage caused by the accumulation of damage from
all of the aircraft because not all of the aircraft landing gears pass down the same
longitudinal path. The summation given here would therefore provide a somewhat
conservative result than expected. In comparison with the FAARFIELD computer
program, the COMFAA values correspond to the “CDF Max for Aircraft” values from
FAARFIELD. The “CDF Contribution” values from FAARFIELD are summed along
defined longitudinal paths and do not correspond to the values from COMFAA, except
when the Contribution and Max for Aircraft values coincide. This discussion indicates
how, all other things being equal, the equivalent critical aircraft concept used in FAA’s
CBR and Westergaard methods and in COMFAA, produces more conservative designs
than the procedure used in FAARFIELD, and why the two methodologies can never be
made to produce the same predictions of pavement life for different traffic mixes. For a
new design using FAARFIELD in which the design thickness is determined based on
CDF=1.0 for the traffic mix, the PCN determined from COMFAA will not reflect the
true pavement design life. In this situation, consider setting the PCN = ACN of the
highest using aircraft.
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APPENDIX B. TECHNICAL EVALUATION METHOD—EVALUATION PAVEMENT
PROPERTIES DETERMINATION

B.1 Technical Evaluation Method.

The Technical Evaluation method for determining a PCN requires pavement thickness
and cross-sectional properties as well as traffic mix details.

B.2 Flexible Pavement Cross-Section Properties—Equivalent Thickness
Determination.

B.2.1  For evaluation purposes, the actual thickness of the flexible pavement section under
consideration must be converted to a standard flexible pavement section.. The standard
section, which corresponds to the total thickness requirement calculated by the
COMFAA program, assumes a defined layer thickness for the asphalt surface, a
defined layer thickness of aggregate base material with a CBR 80 or higher, and a
variable thickness subbase layer with a CBR 20 or greater. For flexible pavement
systems, two standard structural reference sections have been defined.

B.2.2  When no aircraft in the traffic mix have four or more wheels on a main gear, the
reference structure to be used is: 3 inches asphalt surface course (P401) and 6 inches
crushed aggregate base course (P209). When one or more aircraft in the traffic mix have
four or more wheels on a main gear, the reference structure to be used is: 5 inches
asphalt surface course (P401) and 8 inches crushed aggregate base course (P209).

Reference Structural Less than Four Four or More
Layer Thickness Wheels on Main Wheels on Main
(inches) Gear Gear
Asphaltic Concrete 3 5

(FAA Item P-401)

High Quality Granular
Base (FAA ltem P-209)
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If the pavement has excess material or improved materials, the total pavement thickness
may be increased according to the FAA CBR method summarized herein as Figures B-1
and B-2 and Table B-1. The pavement is considered to have excess asphalt, which can
be converted to extra equivalent thickness, when the asphalt thickness is greater than the
minimum thickness of asphalt surfacing of the referenced pavement section. The
pavement may also be considered to have excess aggregate base thickness when the
cross-section has a high quality crushed aggregate base thickness greater than the
minimum thickness of high quality crushed aggregate base of the referenced pavement
section or when other improved materials, such as asphalt stabilization or cement
treated materials, are present. Likewise, additional improved base materials may also
be converted to additional subbase material to add to the total pavement thickness.

If the evaluation pavement section is deficient for asphalt pavement surface course (i.e.
less than 3 inches) and/or high quality crushed aggregate base course (i.e. less than 6
inches), the subbase thickness is reduced using a slightly more conservative inverse
layer equivalency factor for surface course material and/or the subbase thickness is
reduced using a slightly more conservative inverse layer equivalency factor for high
quality crushed aggregate base material. This is shown in Table B-1.

Table B-1. FAA Flexible Pavement Layer Equivalency Factor Range

Range Recommended | Range Recommended
Structural Ttem | Degcription Convert to | Convert to Convert Comrvert to

P-209 P-209 to P-154 | P-154
P-501 Portland Cement Concrete (PCC) -- -- -- --
P-401 Plant Mix Bituminous Pavements (HNA) 1.2to 1.6 1.6 1.7t0 2.3 23
P-403 Plant Mix Bituminous Pavements (HMA) 1.2to 1.6 1.6 1.7t0 2.3 23
P-306 Econocrete Subbage Course (ESC) 1.2t0 1.6 1.2 1.6t02.3 1.6
P-304 Cement Treated Bage Course (CTB) 1.2to 1.6 1.2 1.6t0 2.3 1.6
P-212 Shell Bage Courge -- -- -- --
P-213 Sand-Clay Basze Courge -- -- -- --
P-220 Caliche Base Course -- - - --
P-209 Crughed Agaregate Bage Course 1.0 1.0 1.2to 1.6 14
P-208 Ageregate Base Course 1.0 1.0 1.0to 1.5 1.2
P-211 Lime Rock Base Courge 1.0 1.0 1.0to 1.5 1.2
P-301 Soil-Cement Bage Courge n'a -- 1.0to 1.5 1.2
P-154 Subbase Course n'a - 1.0 1.0
P-501 Portland Cement Concrete (PCC) Iim;g}f Convert t? Il)-401 22025,

2.5 Recommendec

Note: Engineering judgment may be used to adjust recommended factors for all

Structural Items within the ranges shown in the table. Include justification for higher or

lower conversion factors than recommended factors when reporting PCN values.

Rigid Pavement Cross-Section Properties—Improved Subgrade Support
Determination.

The rigid pavement characteristics—including subgrade soil modulus, k, the concrete
thickness, and flexural strength—are needed for PCN determination. The foundation
modulus (k value) is assigned to the material directly beneath the concrete pavement

B-2
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layer. However, the k value for the subgrade is determined and then adjusted to account
for improved layers (subbases) between the subgrade and the concrete layer. There are
k value corrections available for uncrushed aggregate subbases, crushed aggregate
subbases, and subbases stabilized with asphalt cement or Portland cement. The k value
may be increased according to the methods described in the FAA Westergaard method,
summarized herein as Figures B-3 through B-6. The thickness of the concrete in a rigid
pavement may be increased if an asphalt overlay has been placed on the surface. The
thickness may be increased using the factor described in the FAA Westergaard method,
summarized herein as Figure B-7. Each 2.5 inches of asphalt may be converted to 1.0
inch of concrete. The references for both improvement subgrade support guidance and
additional thickness conversion guidance is summarized in Table B-2.

Table B-2. FAA Rigid Pavement Subbase Effect on Foundation k Value

FAA Pavement Layer

Effect When
Uncrushed
Aggregate (Bank
Run Sand and
Gravel) is Used as
the Subbase

Effect When Well-

Graded Crushed

Aggregate is Used
as the Subbase

Effect When Asphalt
Cement or Portland
Cement Stabilized
Materials are Used as
the Subbase

P-401 and/or P-403

Ref. Figure B-6

P-306

Ref. Figure B-6

P-304

Ref. Figure B-6

P-209

Ref. Figure B-5,
Upper Graph

P-208 and/or P-211

Ref. Figure B-5,

Lower Graph
Ref. Figure B-5,

P-301 Lower Graph
Ref. Figure B-5,

P-154 Lower Graph

Effect on Rigid Pavement Thickness

P-401 Overlay

Ref. Figure B-7

B.4 Availability of Support Program to Determine Pavement Characteristics.

To facilitate the use of the ACN-PCN system, FAA developed a software application
that incorporates the guidance in this appendix and determines the evaluation thickness
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for both flexible and rigid pavements and the foundation k value for rigid pavements.
The software may be downloaded from the FAA website.

B.5 Using the Support Program.

The support program is a spreadsheet, which may be updated periodically. Examples
are shown in Figure C-2 and Figure C-3.

% See http://www.faa.gov/airports/engineering/design_software/. This software is in the public domain.
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Figure B-1. Flexible Pavement Stabilized Base Layer(s) Equivalency Discussion
(FAA CBR method)

320. STABILIZED BASE AND SUBBASE. Stabilized base and subbase courses are necessary for new pavements
designed to accommodate jet arrcraft weighing 100,000 pounds (43 350 kg) or more. These stabilized courses may be
substituted for granular courses using the equivalency factors discussed in paragraph 322. These equivalency factors are
based on research studies which measured pavement performance. See FAA Report No. FAA-RD-73-198, Volumes I,
II. and III. Comparative Performance of Structural Layers in Pavement Systems. See Appendix 3. A range of
equivalency factors 1s given because the factor is sensitrve to a number of variables such as layer thickness, stabilizing
agent type and quantity, location of stabilized layer i the pavement structure, etc. Exceptions to the policy requiring
stabilized base and subbase may be made on the basis of superior materials being available, such as 100 percent crushed,
hard. closely graded stone. These matenials should exhibit a remolded soaked CBR minmmum of 100 for base and 35 for
subbase. In areas subject to frost penetration, the materials should meet permeability and Nonfrost susceptibility tests in
addition to the CBR requirements. Other exceptions to the policy requiring stabilized base and subbase should be based
on proven performance of a granular material such as lime rock i the State of Florida. Proven performance m this
instance means a history of satisfactory airport pavements using the matenals. This history of satisfactory performance
should be under aircraft loadings and climatic conditions comparable to those anticipated.

321. SUBBASE AND BASE EQUIVALENCY FACTORS. It 15 sometimes advantageous to substitute higher
quality materials for subbase and base course than the standard FAA subbase and base material. The structural benefits
of using a higher quality material 15 expressed mn the form of equivalency factors. Equivalency factors indicate the
substitution thickness ratios applicable to various higher quality layers. Stabilized subbase and base courses are designed
m this way. Note that substitution of lesser quality materials for higher quality matenals. regardless of thickness, is not
permitted. The designer is reminded that even though structural considerations for flexible pavements with high quality
subbase and base may result in thiner flexible pavements: frost effects must still be considered and could require
thicknesses greater than the thickness for structural considerations.

a. Minimum Total Pavement Thickness. The minimum total pavement thickness calculated. after all
substitutions and equivalencies have been made. should not be less than the total pavement thickness required by a 20
CBR subgrade on the appropriate design curve.

b. Granular Subbase. The FAA standard for granular subbase is Item P-154, Subbase Course. In some
instances it may be advantageous to utilize nonstabilized granular material of higher quality than P-154 as subbase
course. Since these materials possess higher strength than P-154, equivalency factor ranges are established whereby a
lesser thickness of high quality granular may be used in lieu of the required thickness of P-154. In developing the
equivalency factors the standard granular subbase course, P-154, was used as the basis. Thicknesses computed from the
design curves assume P-154 will be used as the subbase. If a granular material of higher quality is substituted for Item P-
154, the thickness of the higher quality layer should be less than P-154. The lesser thickness is computed by dividing the
required thickness of granular subbase, P-134. by the appropriate equivalency factor. In establishing the equivalency
factors the CBR. of the standard granular subbase, P-154, was assumed to be 20. The equivalency factor ranges are given
below in Table 3-6:

TABLE 3-6. RECOMMENDED EQUIVALENCY FACTOR
RANGES FOR HIGH QUALITY GRANULAR SUBBASE

Material Equivalency Factor Range
P-208. Aggregate Base Course 10=15
P-209. Crushed Aggregate Base Course 12-18
P-2I1,Lime Rock Base Course 1.0-1.5
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Figure B-2. Flexible Pavement Stabilized Base Layer(s) Equivalency Discussion
(Continued) (FAA CBR method)

C. Stahilized Subbase. Stabilized subbases also offer considerably higher strength to the pavement than
P-154. Recommended equivalency factors associated with stabilized subbase are presented in Table 3-7.

TABLE 3-7. RECOMMENDED EQUWALENCY FACTOR
RANGES FOR STABILIZED SUBBASE

Material Equivalency Factor Range
P-301. Soil Cement Base Course 10=-15
P-304. Cement Treated Base Course 16=23
P-306, Econocrete Subbase Course 16=23
P-401. Plant Mix Bituminous Pavements 17«23
d. Granular Base. The FAA standard for granular base is Item P-209, Crushed Aggregate Base Course.

In some instances 1t may be advantageous to utilize other nonstabilized granular material as base course. Other materials
acceptable for use as granular base course are as follows:

TABLE 3-8. RECOMMENDED EQUIVALENCY FACTOR RANGES

FOR GRANULAR BASE
Material Equivalency Factor Range
P-208, Aggregate Base Course 1.0
P-21 1, Lime Rock Base Course 10

“Substitution of P-208 for P-209 1s permissible only if the gross weight of the
design aircraft 1s 60,000 Ibs (27 000 kg) or less. In addition, if P-208 is
substituted for P-209, the required thickness of hot mix asphalt surfacing shown
on the design curves should be increased 1 inch (25 mm).

e. Stabilized Base. Stabilized base courses offer structural benefits to a flexible pavement in much the
same manner as stabilized subbase. The benefits are expressed as equivalency factors similar to those shown for
stabilized subbase. In developing the equivalency factors Item P-209, Crushed Aggregate Base Course, with an assumed
CBR of 80 was used as the basis for companison. The thickness of stabilized base 15 computed by dividing the granular
base course thickness requirement by the appropriate equivalency factor. The equivalency factor ranges are given below
in Table 3-9. Ranges of equivalency factors are shown rather than single values since variations in the quality of
materials, construction techniques, and control can mfluence the equivalency factor. In the selection of equivalency
factors. consideration should be given to the traffic using the pavement, total pavement thickness, and the thickness of
the indrvidual layer. For example, a thin layer in a pavement structure subjected to heavy loads spread over large areas
will result in an equivalency factor near the low end of the range. Conversely, light loads on thick layers will call for
equivalency factors near the upper end of the ranges.

TABLE 3-9. RECOMMENDED EQUIVALENCY FACTOR RANGES
FOR STABILIZED BASE

Material Eauivalencv Factor Range
P-304, Cement Treated Base Course 12-16
P-306. Econocrete Subbase Course 12-16
P-401, Plant Mix Bituminous Pavements 12=-16

Note: Reflection cracking may be encountered when P-304 or P-306 is used as
base for a flexible pavement. The thickness of the hot mix asphalt surfacing
course should be at least 4 inches (100 mm) to minimuze reflection cracking i
these instances.
f. Example. As an example of the use of equivalency factors, assume a flexible pavement 1s required to
serve a design awcraft weighing 300,000 pounds (91 000 kg) with a dual tandem gear. The equivalent annual departures
are 15.000. The design CBR for the subgrade is 7. Item P-401 will be used for the base course and the subbase course.
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Figure B-3. Rigid Pavement Stabilized Subbase Layer(s) Discussion
(FAA Westergaard method)

324, GENERAL. Rigid pavements for airports are composed of Portland cement concrete placed on a granular or
freated subbase course that is supported on a compacted subgrade. Under certain conditions, a subbase is not required
(see paragraph 326).

325. CONCRETE PAVEMENT. The concrete swface must provide a nonskid surface, prevent the infiltration of
surface water into the subgrade. and provide structural support to the aircraft. The quality of the concrete, acceptance
and control tests, methods of construction and handling. and quality of workmanship are covered in Item P-501,
Portland Cement Concrete Pavement.

326. SUBBASE. The purpose of a subbase under a rigid pavement is to provide uniform stable support for the
pavement slabs. A minimum thickness of 4 inches (100 mm) of subbase is required under all rigid pavements, except as

shown in Table 3-10 below:

TABLE 3-10. CONDITIONS WHERE NO SUBBASE IS REQUIRED

Soil Good Drainage Poor Drainage
Classification No Frost Frost No Frost Frost

Note: X indicates conditions where no subbase is required.

327. SUBBASE QUALITY. The standard FAA subbase for rigid pavements is 4 inches (100 mm) of Ttem P-154,
Subbase Course. In some instances. it may be desirable to use higher-quality materials or thicknesses of P-154 greater
than 4 inches (100 mm). The following materials are acceptable for use as subbase under rigid pavements:

Item P-154 — Subbase Course

Item P-208 — Aggregate Base Course

Item P-209 — Crushed Aggregate Base Course
Item P-211 — Lime Rock Base Course

Item P-304 — Cement Treated Base Course
Item P-306 — Econocrete Subbase Course

Item P-401 — Plant Mix Bituminous Pavements

Materials of higher quality than P-154 and/or greater thicknesses of subbase are considered in the design process
through the foundation modulus (k value). The costs of providing the additional thickness or higher-quality subbase
should be weighed against the savings in concrete thickness.

328. STABILIZED SUBBASE. Stabilized subbase is required for all new rigid pavements designed to
accommodate aircraft weighing 100,000 pounds (45 400 kg) or more. Stabilized subbases are as follows:

Item P-304 — Cement Treated Base Course
Ttem P-306 — Econocrete Subbase Course
Item P-401 — Plant Mix Bituminous Pavements

The structural benefit imparted to a pavement section by a stabilized subbase is reflected in the modulus of subgrade
reaction assigned to the foundation. Exceptions to the policy of using stabilized subbase are the same as those given in
paragraph 320.

329, SUBGRADE. As with a flexible pavement. the subgrade materials under a rigid pavement should be
compacted to provide adequate stability and uniform support: however, the compaction requirements for rigid
pavements are not as stringent as for flexible pavement because of the relatively lower subgrade stress. For cohesive
soils used in fill sections, the top 6 inches (150 mm) must be compacted to 90 percent maximum density. Fill depths
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Figure B-4. Rigid Pavement Stabilized Subbase Layer(s) Discussion (Continued)
(FAA Westergaard method)

greater than 6 inches (150 mm) must be compacted to 90 percent maximum density or meet the requirements of Table
3-2. For cohesive soils in cut sections, the top 6 inches (150 mm) of the subgrade must be compacted to 90 percent
maximum density. For noncohesive soils used in fill sections. the top 6 inches (150 mun) of fill must be compacted to
100 percent maximum density, and the remainder of the fill must be compacted to 95 percent maximum density or meet
the requirements of Table 3-2. For cut sections in noncohesive soils, the top 6 inches (150 mm) of subgrade must be
compacted to 100 percent maximum density and the next 18 inches (460 mm) of subgrade must be compacted to 95
percent maximum density. Swelling soils require special considerations. Paragraph 314 contains guidance on the
identification and treatment of swelling soils.

a. Contamination. In rigid pavement systems. repeated loading might cause intermixing of soft
subgrade soils and aggregate base or subbase. This mixing can create voids below the pavement in which moisture can
accumulate. causing pumping to occur. Chemical and mechanical stabilization of the subbase or subgrade can
effectively reduce aggregate contamination (see paragraph 207). Geotextiles have been found to be effective at
providing separation between fine-grained subgrade soils and pavement aggregates (FHWA-HI-90-001 Geotextile
Design and Construction Guidelines). Geotextiles should be considered for separation between fine-grained soils and
overlying pavement aggregates. In this application, the geotextile is not considered to act as a structural element within
the pavement. Therefore, the modulus of the base or subbase is not increased when a geotextile is used for stabilization.
For separation applications, the geotextile is designed based on survivability properties. FHWA-HI-90-001 contains
additional information about design and construction using separation geotextiles.

330. DETERMINATION OF FOUNDATION MODULUS (k VALUE) FOR RIGID PAVEMENT. In
addition to the soils survey and analysis and classification of subgrade conditions, rigid pavement design also requires
the determination of the foundation modulus. The k value should be assigned to the material directly beneath the
concrete pavement. However, the FAA recommends that a k value be established for the subgrade and then corrected to
account for the effects of the subbase.

a. Determination of kK Value for Subgrade. The preferred method of determining the subgrade
modulus is by testing a limited section of embankment that has been constructed to the required specifications. The
plate bearing test procedures are given in AASHTO T 222, Nonrepetitive Static Plate Load Test of Soils and Flexible
Pavement Components for Use in Evaluation and Design of Airport and Highway Pavements. If the construction and
testing of a test section of embankment is impractical. the values listed in Table 2-3 may be used. The values in Table
2-3. however, are approximate. and engineering judgment should be used when selecting a design value. Fortunately.
rigid pavement is not overly sensitive to k value, and an error in estimating k will not have a large impact on rigid
pavement thickness.

b. Determination of k Value for Granular Subbase. It is usually not practical to determine a
foundation modulus on top of a subbase by testing. at least in the design phase. Usually. the embankment and subbase
will not be in place in time to perform any field tests. so the k value will have to be assigned without the benefit of
testing. The probable increase in k value associated with various thicknesses of different subbase materials is shown in
Figure 2-4. The upper graph in Figure 2-4 should be used when the subbase is composed of well-graded crushed
aggregate, such as P-209. The lower graph in Figure 2-4 applies to bank-run sand and gravel. such as P-154. Both
curves in Figure 2-4 apply to unstabilized granular materials. Values shown in Figure 2-4 are guides and can be
tempered by local experience.

c. Determination of k Value for Stabilized Subbase. As with granular subbase, the effect of stabilized
subbase is reflected in the foundation modulus. Figure 3-16 shows the probable increase in k value with various
thicknesses of stabilized subbase located on subgrades of varying moduli. Figure 3-16 is applicable to cement stabilized
(P-304). Econocrete (P-306). and bituminous stabilized (P-401) layers. Figure 3-16 assumes a stabilized layer is twice
as effective as well-graded crushed aggregate in increasing the subgrade modulus. Stabilized layers of lesser quality
than P-304, P-306. or P-401 should be assigned somewhat lower k values. After a k value is assigned to the stabilized
subbase. the concrete slab thickness design procedure is the same as that described in paragraph 331.
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Figure B-5. Subbase Layer Effect on Subgrade Support, k, for Rigid Pavement
(FAA Westergaard method)
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Figure B-6. Stabilized Subbase Layer Effect on Subgrade Support, k, for Rigid Pavement
(FAA Westergaard method)
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Figure B-7. Flexible Pavement quivalency to Rigid Pavement
(FAA Westergaard method)

subbase must be at the equilibrium moisture content when field CBR tests are conducted. Nommally, a pavement that
has been m place for at least 3 years will be 1 equilibrium. Procedures for calculating CBR values from NDT tests are
also available. Layer conversions (1.e_. converting base to subbase. etc.) are largely a matter of engineering judgment.
When performing the conversions. it is recommended that any converted thicknesses not be rounded off.

406. HOT MIX ASPHALT OVERLAY ON EXISTING RIGID PAVEMENT. The design of a hot mix asphalt
overlay on an existing rigid pavement is also based on a thickness deficiency approach. However, new pavement
thickness requirements for rigid pavements are used to compare with the existing rigid pavement. The formula for
computing overlay thickness 1s as follows:

t=2.5(Fh, - C,h,)

Where:

t =  thickness of hot mix asphalt overlay, inches (mm).

F = a factor which controls the degree of cracking in the base rigid pavement.

hy =  thickness of new rigid pavement required for design conditions, inches (mm). Use the exact
value for hy; do not round off. In calculating hy use the k value of the existing foundation and
the flexural strength of the existing concrete as design parameters.

Cy = acondition factor that indicates the structural mtegrity of the existing ngid pavement. Values
range from 1.0 to 0.75.

h, =  thickness of existing rigid pavement, inches (mm).

a. F Factor. The "F" factor 1s an empirical method of controlling the amount of cracking that will occur

1n the rigid pavement beneath the hot mix asphalt overlay. It 1s a function of the amount of traffic and the foundation
strength. The assumed failure mode for a hot mix asphalt overlay on a existing rigid pavement 1s that the underlying
nigid pavement cracks progressively under traffic until the average size of the slab pieces reaches a critical value.
Further traffic beyond this point results in shear failures within the foundation, producing a drastic increase i
deflections. Since high strength foundations can better resist deflection and shear failure, the F factor 15 a function of
subgrade strength as well as traffic volume. Photographs of various overlay and base pavements shown in Figure 4-2
llustrate the meaning of the F factor. Figures 4-2a. b. and ¢ show how the overlay and base pavements fail as more
traffic 1s applied to a hot mix asphalt overlay on an existing rigid pavement. Normally an F factor of 1.0 15
recommended unless the existing pavement 1s in quite good condition, see paragraph 406b(1) below. Figure 4-3 should
be used to determine the approprate F factor for pavements in good condition.

b. Cy Factor. The condition factor "Cy" applies to the existing rigid pavement. The Cy factor 1s an
assessment of the structural mtegrity of the existing pavement.

(0] Selection of Cy, Factor. The overlay formula is rather sensitive to the Cy, value. A great deal
of care and judgement are necessary to establish the appropriate C,. NDT can be a valuable tool in determining a proper
value. A Cy value of 1.0 should be used when the existing slabs contain nominal structural cracking and 0.75 when the
slabs contamn structural cracking. The designer is cautioned that the range of Cy, values used m hot mix asphalt overlay
designs is different from the "C," values used in rigid overlay pavement design. A comparison of Cy and C; and the
recommended F factor to be used for design is shown below:

C Cy Recommended F factor
0.35 to 0.50 0.75 to 0.80 1.00
0.51t0 0.75 0.81 to 0.90 1.00
0.76 to 0.85 0.91 to 0.95 1.00
0.86 to 1.00 0.96 to 1.00 Use Figure 4.3

The minimum Cy, value 15 0.75. A single C, should be established for an entire area. The C, value should not be varied
along a pavement feature. Figures 4-4 and 4-5 1llustrate Cy, values of 1.0 and 0.75, respectively.
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APPENDIX C. PCN DETERMINATION EXAMPLES

C1l The Using Aircraft Method.

C.1.1  The Using aircraft method of determining PCN is presented in the following steps. This
procedure can be used when there is limited knowledge of the existing traffic and
runway characteristics. It is also useful when engineering analysis is neither possible
nor desired. Airport authorities should be more careful in the application of a Using
aircraft PCN in that the rating has not been rigorously determined.

C.1.2  There are basic steps required to arrive at a Using aircraft PCN:
e Determine the ACN for each aircraft in the traffic mix currently using the pavement.
e Assign the highest ACN value as the PCN.

C.1.3  These steps are explained below in greater detail. Figure C-1 shows the steps needed to
automatically perform the ACN calculations using COMFAA along with the results.
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Figure C-1. Example of COMFAA ACN Batch Results
Libary Functions
1. Load Ext file. “he | " Fe " )
2. Click More to access ACN Computational Ak | Aemave
MOde. Aircralt Aicrall |
3. Check Batch. Partial Screen from un-una.-muwm:
4. Click Flexible Button or Rigid Button. . ; T
5. When calculations finish, click Details COMFAA showing Stop 5 5 I
' Button ’ computational options, w Exit
6. View results. Help Aot
7. Select highest ACN for the pavement’s Steps 1 i 3 |
barad generate the Stap 3.
subgrade category. results table. i+ Batch [ PCA Thick
T Metic | PCA MGW
ST Fbional Modes
* AN Thickness ( Lite Cypegrgitess © Edge Stiers
PCH ©— MEW Flasibile Aigad L‘:Efcﬁ

B L el Step 6. Review Results by clicking on Details|JEIE[E

Single Aircraft ACH Other Calculation Modes
" Flexible & Rigid ¢ PCN  ACM Batch (" Thickness " Life Back

Unit
Conversions

Show
Alpha

Show
Ext File

Besults Table 3. Rigid ACN at Indicated Gross Weight and Stcrength
No. Aircraft Name Gross & G on Tire
Weight Main Gear Pressure A(ELE) B(Z2L) C{l47) Di74) Step 7 Choose
1 A300-Ed STD 365,747 34,00 z16.1 48.5  E7.3  66.9 5.5 the highest ACN
Z A319-100 std 141,378 9z.60 172.6 34.7  37.1 39,3  4l.Z in the Pavement's
3 Adw. B727-200 Basic 185,200 96.00 148.0 49.3 52.7 55,8 58.3
4 B737-300 140,000 30.36 201.0 38z 40.1 4Z.0  43.5 Subgrade Category
& B747-400 277,000 9332 200.0 EZ.6 €3.0 74.6 BE.3
& B757-2Z00 ER 396,000 9082 190.0 43.4 51.9 6z.0 71.4
7 B777-2z00 ER 557,000 21_a30 205.0 43.7 63.6 8Z.6 1l0l1.Z
2 DCB-63 330,000 96_1Z7 194.0 44.8 E3.3 6Z.Z 70.Z

1. Assign the pavement surface type as code F or R.

2. From available records, determine the strength of the pavement subgrade. If the
subgrade strength is not known, make a judgment of Medium or Low

3. Determine which aircraft has the highest ACN from the list of aircraft that regularly
use the pavement, based on the surface type code assigned in Step 1 and the
subgrade code in Step 2. ACN values may be determined from the COMFAA
program or from ACN graphs found in the manufacturer’s published ACAP
manuals. Use the same subgrade code for each of the aircraft when determining the
maximum ACN. Base ACNs on the highest operating weight of the aircraft at the
airport if the data is available; otherwise, use an estimate or the published maximum
allowable gross weight of the aircraft in question. Report the ACN from the aircraft
with the highest ACN that regularly uses the pavement as the PCN for the
pavement. NOTE: The FAA recommends that an aircraft be considered to
'regularly use' the pavement if the 20-year total of coverages exceeds 1,000. The
number of annual departures of the aircraft corresponding to this coverage level can
be obtained from COMFAA by switching to PCN or Thickness mode and entering
1000 in the 'Flex 20yr Coverages' or 'Rigid 20yr Coverages' field, as appropriate. In
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COMFAA, coverages are independent of subgrade strength, so an arbitrary CBR or
k value can be entered in the appropriate field to compute coverages.

4. The PCN is simply the highest ACN with appropriate tire pressure and evaluation
codes added. The numerical value of the PCN may be adjusted up or down at the
preference of the airport authority. Adjustments are not considered standard
practice but reasons for adjustment may include local restrictions, allowances for
certain aircraft, or pavement conditions.

5. The tire pressure code (W, X, Y, or Z) should represent the highest tire pressure of
the aircraft fleet currently using the pavement. For flexible pavements, code X
should be used if no higher tire pressure is evident from among the existing traffic.
It is commonly understood that concrete can tolerate substantially higher tire
pressures, so the rigid pavement rating should normally be given as W.

6. The evaluation method for the Using aircraft method is reported as U.

Using Aircraft Example for Flexible Pavements.

The following example illustrates the Using aircraft PCN process for flexible
pavements:

An airport has a runway with the known traffic mix shown in Table C-1. The runway
has a flexible (asphalt-surfaced) pavement with an estimated subgrade strength of CBR
9, which puts it in subgrade category B. The flexible pavement ACNs for each aircraft
in the mix are shown in Table C-1.

C-3



08/14/14 AC 150/5335-5C

Appendix C
Table C-1. Using Aircraft and Traffic for a Flexible Pavement
Unit Show Show 5!ngleﬁ.1aalt.ﬁll:.H N |:|.|:hEI Ea!wla!:mnhludes o .
Conversions | Alpha Ext File * Flexible  Rigid ™ PCM " ACM Batch ~ Thickness © Lif
Tﬂp PGI‘thI‘I [~ Sawve PCH Output to a Text File
Flexible Pavement Thickness Design by the CBR Hethod - Units are English
Ho. Aircrafc Hame Gross We. Arnm. Deps. Coverages CER EEWL Des. Thickness
1  A300-B4 STD 264,747 1,500 le 434
2 A315-100 std 141,978 1,200 6,443 Recommended
3 B737-300 140,000 £,000 21,003 ZD-YI' Cgverageg
4 EBT47-400 877,000 1,000 11,470 =
£ EB7&7-200 ER 396,000 2,000 21813 FOr REQU'EI’ USII‘IQ
& E777-200 ER £57,000 1,000 14,583 = .
. 7 DCa-63 230,000 2,000 24,581 Aircraft IS About 1,000
Uniit Show Show Sl.nglsaﬁ.ufcrarl.&m N EIFhﬂ Ealcul#mnhhdes . . )
Conversions Alpha Est File {* Flexible ¢ Rugid " PCH + ACH Batch ( Thickness  Lik
BOﬂQm Pﬂ[’tlﬂn [~ Sawe PCN Dutpul to a Text File
Flexible ACH at Indicateéed Gross Weight and Strength. Units = English.
Ho. Adrcrafc Hame Gross ¥ GW on Tire ACH at Indicated Code
Weight Hain Gear Pressure A{lE} E{L10) Ci{E) JER S ]
1 A300-B4 ETD 264,747 a4, 00 Z16.1 46,1 5l.4 £2.5 79.4
2 A315-100 std 141,578 az.e0 172.6 3.9 Iz2.8 36,4 4z2.1
3 B737-300 140,000 a0, 26 201.0 33,0 34.8 38,8 42.8
4 B747-400 Max s77,000 93.32 200.0 53.2  59.3 726 94.2 =
£ B767-200 ER 396,000 a0, 22 130.0 44.9 49.6 E3.8 80.2
& BE77?7-200 ER 657,000 Sl.80 Z05.0 451 55.4 &8.0 94 & Table
7 DCE-£3 330,000 96,12 196.0 43.2  48.8  se.5 732 A%l

e Since this is a flexible pavement, the pavement type code is F, (Table 4-1).

e The subgrade strength under the pavement is CBR 9, or Medium category, so the
appropriate code is B (Table 2-2).

e The highest tire pressure of any aircraft in the traffic mix is 216.1 psi, so the tire
pressure code is X (Table 4-2).

e From the above list, the critical aircraft is the B747-400, because it has the highest
ACN of the group at the operational weights shown (59.3/F/B). Additionally, it has
regular service.

e Since there was minimal engineering analysis done in this example, and the rating
was determined simply by examination of the current aircraft using the runway, the
evaluation code from Paragraph 4.6.5 is U.

e Based on the results of the previous steps, the runway pavement should tentatively
be rated as PCN 59/F/B/X/U, assuming that the pavement is performing
satisfactorily under the current traffic.

o If this pavement was a taxiway, the airport could rate this taxiway as the same PCN.
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C.2.3 If the pavement shows obvious signs of distress, this rating should be adjusted
downward by the airport authority. If the rating is lowered, then one or more of the
aircraft will have ACNs that exceed the assigned rating. This may require the airport to
restrict the allowable gross weight for those aircraft or consider pavement
strengthening.

C3 Using Aircraft Example for Rigid Pavements.

An airport has a runway with the known traffic mix shown in Table C-2. The runway
has a rigid (concrete-surfaced) pavement with an estimated k-value of 300 Ibs/in3,
which puts it in subgrade category B. The rigid pavement ACNs for each aircraft in the
mix are shown in Table C-2.

Table C-2. Using Aircraft and Traffic for a Rigid Pavement

- Single Aircraft ACN Other Calculation Modes
Unit Show Show % 2 SRS . 2 Pk
Conversions Alpha Ext File " Flexible ngld " PCN ACN Batch ¢ Thickness ¢ Life
|
Top Portion [~ Save PCN Output to a Text File
| Rigid Pavement Thickness Design by the AC 150/5320-6C/D EBdge Stress Method
Units = English, & Value = 300.0 lbs/in"3
No. Aircraft Name Croszs We. JAnn. Deps. Coverages RRS Des. Thickness
lbs in in

1l A300-B4 STD 364,747 1,500 8,217

2 A315-100 =rd 141,978 1,200 6,443 Recommended

3 B737-300 140,000 6,000 21,003 20-yr Coverages

4 B747-400 877,000 1,000 5,738 =

s B767-200 ER 396,000 2,000 10,907 For Regular Using

€ B777-200 ER 657,000 1,000 4,861 Aircraft is About 1.000

7 DC8=63 330,000 3,000 17,291 40.84 13.48

Unit Show Show ’SpgleAfuthl?N = Olha Calcuflon Modes ) S

Conversions Alpha Ext File " Flexible  Rigid " PCN ¢+ ACN Batch ¢ Thickness ( Life
Bottom Portion [~ Save PCN Output to a Text File
Rigid ACN at Indicated Cross Weight and Strength. Units = English.

No. Aircraft Name Cross $ CW on Tire ACN at Indicated Code

Weight Hain Gear Pressure A(SSZ) B(295) C(147) D(74)

1 A200-B4 STD 364,747 94.00 216.1 48.3 §7.1 66.7 78.2
2 A319-100 std 141,978 9zZ.60 172.6 34.7 37.1 39.3 41.2

s BEman_ann ) an o2 Ay A “e o Al A A an e _— -

e Since this is a rigid pavement, the pavement type code is R (Table 4-1).

e The subgrade strength under the pavement is k=300 pci, which is Medium category,
so the appropriate code is B (Table 2-1).

e Concrete surfaces can tolerate high tire pressures, so tire pressure code W found in
Table 4-2 should be used for rigid pavement.

e The B777-200 has the highest ACN of the group at the operational weights shown
(63.6/R/B/W).
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e Since there was no engineering analysis done in this example, and the rating was
determined simply by examination of the current aircraft using the runway, the
evaluation code from Paragraph 4.6.5 is U.

e Based on these steps, the pavement should tentatively be rated as PCN 64/R/B/W/U
in order to accommodate all of the current traffic.

e |If the pavement shows obvious signs of distress, this rating should be adjusted
downward by the airport authority. If the rating is lowered, then one or more of the
aircraft will have ACNs that exceed the assigned rating. This may require the
airport to restrict the allowable gross weight for those aircraft or consideration of
pavement strengthening. The rating could also be adjusted upward, depending on
the performance of the pavement under the current traffic.

C4 The Technical Evaluation Method.
Use the technical evaluation method of determining PCN when there is reliable
knowledge of the existing traffic and pavement characteristics. Total thickness and
cross-sectional data are needed to determine the equivalent pavement thickness as
described in detail in section 2.1. Although the technical evaluation provides a good
representation of existing conditions, the airport authority should recognize there are
many variables in the pavement structure as well as the method of analysis itself. The
objective of the technical method is to consolidate all traffic into equivalent annual
departures, determine allowable gross weight, and assess the ACN for each aircraft in
the traffic mixture so that a realistic PCN is selected.
Figure C-2. Flexible Layer Equivalency Spreadsheet to Support COMFAA
[ Roforonce Guidance AC 15v5335.58 App
] .
PAOIT3 P 403 ‘  Pa03pa0y | SOM916
P06 ECONOCRTE | P-306 ECONOCRIE
P-304 CEM. TRTD : 1 india
P209 Cr AGG b Ogl-154 1.4)
P.208 Agg. P-211
P30 SOIL.CEM.
P-154 Subbase
English
Equivalent Thickness, mm CBR 2.0
P4013 50 | |COMFAA Thickness 31.9 in.
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Figure C-3. Rigid Layer Equivalency Spreadsheet to Support COMFAA.
Existing Rigid Eval
Ref. AC 1500533558 Appendix A2 Rigid | Pavement Layers | ENTER Existing Layer Improved\ k. Arpt LOC 1D tyu
. Pavement Structure ltems Layer Thickness | Thickness yolue Pavement 1D werty
Figure A2.7 P-401 Overlay(s) 5.0 inJ25 2 , oy to P.501, P-401 Overlayls) 5025
Rigid Pavement Thickness P.501 160 in 18.0 2501 P.501 6.0 in
ThirdPoint Flexural Strength Flexural strength 6500  pai el Flexural strength 6500 pai
Figure A2, default maximem kvakie = | 401 ondior P403 40 in (8 Below or Input k A1 andlor 403 40in
00 Ibfin®3, (135.7 MN/mA3) OR input k. N 1 P06 0.0in
value if greater. I P Y
R l 4 d = e
Combined Top and Bottom Figure A2, b 2208 Sadler P11 or P- 0.0in
00 in 60 13 &0l 00in
P 154
COMFAA Inputs Subgrade kvaive ; ™ - ; Ve .
Subgrade k= 301.0 Ibfin*3
Rigid Pavement t = 18.0 in,
Flexural strength = 650.0 psi

C5 Technical Evaluation for Flexible Pavements.

C.5.1 The following list summarizes the steps for using the technical evaluation method for
flexible pavements:

Determine the traffic volume in terms of type of aircraft and number of annual
departures/traffic cycles of each aircraft that the pavement will experience over its
life.

Determine the appropriate reference section to use based on the number of wheels
on main gears.

Determine pavement characteristics, including the subgrade CBR and equivalent
pavement thickness.

Calculate the maximum allowable gross weight for each aircraft on that pavement at
the equivalent annual departure level.

Calculate the ACN of each aircraft at its maximum allowable gross weight.
Select the PCN from the ACN data provided by all aircraft.

C.5.2  These steps are explained in greater detail below. These steps are automated in the
COMFAA software. The results file is presented in three tables. (This file is displayed
by selecting the ‘details’ button in the COMFAA support spreadsheet.)

Results Table 1 details input traffic data including thickness requirements for each
aircraft at evaluation thickness and CBR.

Results Table 2 displays the PCN values for each aircraft at the evaluation pavement
thickness and subgrade CBR, where each aircraft in turn is considered the critical
aircraft (i.e., all operations are converted to operations of the critical aircraft). This
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table also displays the CDF value representing the damage contribution from each
aircraft..

e Results Table 3 lists the ICAO standard ACN values for each aircraft in the traffic
mix at the appropriate subgrade category.

C.5.3  Figure C-3 shows an example results file. Several examples using the same traffic mix
with different pavement structures at the end of this section further illustrate the
process.

Table C-3. Excerpt from COMFAA PCN Batch Results File for Flexible Pavement

CER

Evaluation pavement thickness

Pass to Traffic Cycle (ProTC) Ratio
Hanimus nusbar of vhaels per gear
Haximus nusber of gears per alreralt

2.00 {fubgrade Category is C(&}) e

3L.90 in e
4,00 e
&

4

At least one aircrafc has 4 or more wheels per gear. The FAA recommeénds & reference fection Aassuming
5 inches of HMA and 8 inches of crushed aggregate for squivalent thickness calculations.

Results Table L. Input Traffic Data

Top Po“lo“ Gross Tercant Tire Armusl Z0-yr &D
HY, hircrattc Hama Waight Gross Wt Prass Daps Coverages Thick
o AR T 365,747 24.00 2L6.1 1,500 LE,456 22.8¢
2 A315-100 szed 141,978 BSZ.60 172.6 L, Z00 6,443 ZZ.08
3 EBT73I7=300 140,000 50,86 Z01.0 &, 000 31,003 25.19
4 BT47=400 877,000 93 32 200, 0 1,000 11,470 al.ze eu
& PBET7&67=200 ER 29E,000 90 82 190. 0 2,000 21,8132 29 44
& E777-200 ER €57,000 91.20 205.0 1,000 14,882 20. 54
T DCa-82 230,000 95,12 1%6.0 2,000 24,881 20.12

Basults Table I, FCH Valuas

Mlddle Pn“lnn Cricical Thickhess Haxisaws ACN Thick at
Aireralit Toval for Total Allowakble Hax. Allowable PCH on
Aircraft Name Egquiw. Cowe. Equiw. Cowve, Grogs Weight Grogs Weight CDF CiGE)
1 A200-B4 STD 105, 365 32. 58 356, 000 35,36 0.2580 50. 2
P43 .180 4 -r_000, 000 22 22 128, 738 27.19 0. 0001 25,9
2 Pi..sI2 -1, 000,000 2227 127, 262 2802 0. 0021 7.9
4 B747-400 28,764 3278 845,875 e 37.78 6. 9078 &3, 8
5 EB7e7-200 ER 221,077 2,48 387,137 24 .60 0. 1520 ET.8
& B777-200 ER 85,242 32.35 544,594 37.00 0.2826 65,0
7 DCo-63 239,928 32.44 322,435 34.27 D.2381 £6.6
Toral CDF =  1.6519
Besules Table 3. Flexible ACH at Tndieated Cross Veight and Serangth Total CDF>1

Ho. Aircraft Name Gross % GW on Tire ACH ACH on

Bottom Portlnn Weight HMain Gear Pressure Thick Cigl

1 AZ00-B4 STD 365,747 24,00 218,11 236,07 E2.8
2 AZ12-100 std 141,378 22,60 172. & 27. 48 36.4
3 B737-300 140,000 20. 86 201.0 28.36 38.8
4 B747=-400 877,000 33.32 Z00.0 38.81 9 2.6
5 B767=-200 ER 396,000 0. 82 150.0 35.22 3. B
TR -2 EF €=7,000 21.80 205.0 I7T.EE 2.0
T LZI-Z3 320,000 95.12 196.0 4. 84 2 £

1. Determine the traffic volume in terms of annual departures for each aircraft that has
used or is planned to use the airport during the pavement life period. Record all
significant traffic, including non-scheduled, charter, and military, as accurately as
possible. This includes traffic that has occurred since the original construction or
last overlay and traffic that will occur before the next planned overlay or
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reconstruction. If the pavement life is unknown or undetermined, assume that it
will include a reasonable period of time. The normal design life for pavement is 20
years. However, the expected life can vary depending on the existing pavement
conditions, climatic conditions, and maintenance practices.

The information necessary for the traffic volume process is—
e Past, current, and forecasted traffic cycles of each significant aircraft.
e Aircraft operational or maximum gross weights.

e Typical aircraft weight distribution on the main and nose gear. If unknown,
AC 150/5320-6 assumes 95 percent weight on the main gear.

e Main gear type (dual, dual tandem, etc.).

e Main gear tire pressure.

e Fuel-loading practices of aircraft at the airport (P/TC ratio).
e Type of taxiway system — parallel or central (P/TC ratio).

From field data or construction drawings, document the CBR of the subgrade soil.
Alternatively, conduct field or laboratory tests of the subgrade soil in order to
determine the CBR. Accurate portrayal of the subgrade CBR value is vital to the
technical method because a small variation in CBR could result in a
disproportionately large variation in the aircraft allowable gross weight and the
corresponding PCN.

The COMFAA program calculates pavement thickness requirements based on
annual departures. COMFAA allows the user to directly input either coverages or
annual departures. Since the pass-to-coverage ratio for flexible pavement may be
different than rigid pavement, the user must enter coverages in the appropriate
location for each pavement type.

Determine the total pavement thickness and cross-sectional properties. The
thickness of the pavement section under consideration must be converted to an
equivalent pavement thickness based on a standard reference pavement section for
evaluation purposes. The equivalent pavement thickness is the total thickness
requirement calculated by the COMFAA program assuming minimum layer
thickness for the asphalt surface, minimum base layer thickness of material with a
CBR 80 or higher, and a variable subbase layer with a CBR 20 or greater. If the
pavement has excess material or improved materials, the total pavement thickness
may be increased according to the FAA CBR method as detailed in Appendix B.
The pavement is considered to have excess asphalt, which can be converted to extra
crushed aggregate equivalent thickness, when the asphalt thickness is greater than
the minimum thickness of asphalt surfaced. The recommended reference section
for this traffic mix is an asphalt surface course thickness of 5 inches. The pavement
may also be considered to have excess crushed aggregate base thickness when the
cross-section has a high quality crushed aggregate base thickness greater than 8
inches or when other improved materials such as asphalt stabilization or cement
treated materials, are present. Likewise, additional subbase thickness or improved
subbase materials may also be converted to additional total pavement thickness.
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Using the support program facilitates converting existing pavement structures to the
requisite standard equivalent structure used in COMFAA.

Using the annual departures and P/TC ratio for the runway, the equivalent
pavement thickness, and the CBR of the subgrade, compute the maximum
allowable gross weight for each aircraft at the appropriate ICAO standard subgrade
support category using the COMFAA program in the pavement design mode.

Assign the subgrade CBR strength found in Step 2 to the appropriate standard
ACN-PCN subgrade code as given in Table 2-2.

The ACN of each aircraft at the maximum allowable gross weight is determined
from the COMFAA program in the ACN mode. Enter the allowable gross weight
of the aircraft, and calculate the ACN based on the standard subgrade code
corresponding to the CBR found in Step 2. Alternatively, consult an “ACN versus
Gross Weight” chart as published in the manufacturer’s ACAP manuals.

Assign the tire pressure code based on the highest tire pressure in the traffic mix
from Table 4-2. Keep in mind the quality of the asphalt surface layer, as discussed
in Section 2.1, when assigning this code. NOTE: Code X is recommended for
pavements with 5 or more inches of EXISTING asphalt. Code Y is recommended
for pavements with 3 or less inches of EXISTING asphalt.

When the evaluation method is technical, assign the code of T, as described in
paragraph 4.5e.

The numerical value of the PCN is selected from the list of values in COMFAA
Batch PCN Results Table 2. If all aircraft regularly use the airport, then select the
highest PCN value correlated with the subgrade code and report it as the PCN. If
some of the aircraft in the traffic mix use the airport infrequently, then further
consideration must be given to the selection of the PCN. If an aircraft that operates
infrequently at the airport generates a PCN value considerably higher than the rest
of the traffic mix, then using this aircraft to determine the PCN may result in an
unrealistic value. A more reasonable PCN can be determined if this aircraft’s
operations are set to 1,000 coverages.

If the calculated maximum allowable gross weight is equal to or greater than the
critical aircraft operational gross weight required for the desired pavement life
(Total CDF<1), then the pavement is capable of handling the predicted traffic for
the time period established in the traffic forecast. Accordingly, the assigned PCN
determined in Step 10 is sufficient. If the allowable gross weight is less than the
critical aircraft gross weight required for the desired pavement life (Total CDF>1),
then the pavement may be assigned a PCN equal to the ACN of the critical aircraft
at that gross weight, but with a lower expected pavement life. Additionally, it may
then be necessary to develop a relationship of allowable gross weight based on the
assigned PCN versus pavement life. Appendix D provides procedures on how to
relate pavement life and gross weight for flexible pavements in terms of PCN. Any
overload (see Appendix D) should be treated in terms of ACN and equivalent
critical aircraft operations per individual operation. Allowance for the overload
should be negotiated with the airport authority since pre-approval cannot be
assumed. Specific procedures on how to relate pavement life and gross weight for
flexible pavements are found in Appendix D.

C-10
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C.6 Technical Evaluation Examples for Flexible Pavements.

The following four examples demonstrate the technical evaluation method of
determining a PCN for flexible pavements. The first example pavement is for an under-
strength pavement with a traffic volume that has increased to such a level that pavement
life is reduced from the original design (Total CDF > 1). The second pavement has a
thickness nearly equal to the structural requirement for the 20-year traffic (Total CDF =
1). The third example pavement is the same as the first, except the taxiway has a central
configuration rather than parallel, which effectively doubles the number of coverages
and reduces the PCN. The fourth example demonstrates a consistent method to report
PCN when the pavement under consideration contains significant excess structural
capacity relative to the forecast traffic (Total CDF << 1).

C.6.1 Flexible Pavement Example 1.

C6.11 An airport has a flexible (asphalt-surfaced) runway pavement with a
subgrade CBR of 8 and a total thickness of 32.0 inches, as shown in Fig. C-
4 (5 inch asphalt surface layer, 4 inches of stabilized base, 6 inch base layer
and 17 inches subbase layer). The traffic mix is the same as in the Using
Aircraft example, section 3.1. It is assumed for the purposes of this example
that the traffic level is constant over the 20-year time period. Additional fuel
is generally obtained at the airport before departure, and the runway has a
parallel taxiway (P/TC ratio = 1). The pavement was designed for a life of
20 years. The combined thickness of the P-304 and P-209 exceeds the
minimum standard for the CDF analysis method and is converted to
additional P-154 as shown in Figure C-2 and Table C-4 for an equivalent
pavement thickness of 31.9 inches.

C-11
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Figure C-4. Screen Shot of PCN Worksheet in COMFAA Support Spreadsheet for
Computing Equivalent Pavement Structure in Flexible Example 1

Reference Guidance AC 150/5335-58 App A-2|| Existing Existing Pavement Equivalent Pavement
Fig. A2-2 | Figs.A2-1&2| Flexible 0
Flexible Pavement |Convert to| Convertto || Pavement | ENTER Existing E P-401 HMA
Structure Items P-209 P-154 Layers Layer Thickness 1
P-401/3 P 403 1.6 Useraa [| P-4013 50 in. 1 o e
1 [] std — 10
P-306 ECONOCRTE 1.2 Factors P-306 0.0 in. | ] P-209
[ =
P-304 CEM. TRTD 1.2 n/a P-304 40 in_ |8 |
g ; S 20
P-209 Cr AGG 1.0 14 P-209 60 in (,E) | b1 Subbace
o
P-208 Agg, P-211 1.0 1.2 P-208 00 in |=
s |
= 30 A
P-301 SOIL-CEM. nla 1.2 P-301 00 in |7
P-154 Subbase n/a 1.0 P-154 15.0 in. 1 CBR8.0
. 40
Equivalent Thickness, mm Subgrade CBR... 8.0 L
P-401/3 5.0 |O | ®
Metric English
P-209 8.0 Format Save Clear Saved | Zero Layer
P-154 18.9 Chart Data Data Data
Total 31.9 Loc_ID Pavement ID
ENTER Ref.Section Requirements ABC 5-23 COMFAA In puts
P-401 referencet| 5.00 |in. Project Details Evaluation thickness t = 31.9in.
P-209 referencet| 8.00 |in. Examples Evaluation CBR = 8.0
Recommended PCN Codes: F/C/X
I

Table C-4. Conversion to Equivalent Pavement Structure in Flexible Example 1

Existing Pavement Structure. P-304 plus P-209 Equivalent Pavement Structure. A portion of P-

combined exceed P-209 requirements. 304 is converted to P-209 and excess P-304
converted to P-154. This conversion results in 1.9
inches added to the equivalent pavement
thickness.

5 inch asphalt surface layer (P-401) 5 inch asphalt surface layer (P-401)

4 inch base layer (P-304) 8 inch base layer (P-209)

6 inch base layer (P-209) 20.9 inch subbase layer (P-154)

17 inches subbase layer (P-154) 33.9 inch total thickness

Subgrade CBR 8 Subgrade CBR 8

C-12
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Figure C-5. Detailed COMFAA Batch PCN Output — Flexible Example 1

CER = 5.00 (Subgrade Category is Ci(&))
Evaluation pawement thickness = 31.30 in
Pas=s to Traffic Cycle (PtoTC) Ratio = 1.00
Maximum number of wheels per gear = &
Maximam number of gears per aircraft = 4
At least one aircraft has 4 or more wheels per gear. The FAL recommends a reference sectioh assuming

E inches of HMAL and 8 inches of crushed aggregate for equivalent thickness calculations.

Besults Table 1. Input Traffic Data

Gross Percent Tire Anruaal z0-vr &D
MNo. Aircraft MName WMeight Gross Tt Press Leps=s Cowverages Thick
1 Az00-E4 ETD 264,747 3400 zZle. 1 1,800 16,4324 a9
Z  AZ159-100 =td 141,378 S2EZ_&0 17Z. 6 1,Z00 G, 443 zz.08
3  ET3T-300 140,000 20.8&8 zol.0 &,000 21,003 ZE.1%
4 ET47-400 877,000 33.3Z zoo.o 1,000 11,470 31.Z28
L EBTE7-EZ00 ER 396,000 S0.8E 120.0 z.,000 21,813 9. 44
& BY??-E00 ER 657,000 S1.80 Z05.0 1,000 14,583 30.54
7 LDCE-&3 230,000 96 1Z 126.0 2,000 24,581 0.1z
Besults Table 2. PCHN Values
Critical Thickness Maximum ACHN Thick at
Aircraft Total for Total Allowahle Max. Allowable FCH on
No. Aircraft Name Ecuiv. Cows. Ecaiv. Cows. Gross Weight Gross Weight CDF Cigl
1 Az00-E4 ETD 102,787 3Z.54 3LE,ZEE 35,31 0.Z454 £0.1
Z  AZ159-100 =td =5, 000,000 3Z.E23 133,771 Z27.13 0,000l 3E.7
3  ET3T-300 =5, 000,000 32,27 137,402 zZg.03 0.00z1 7.9
4 ET47-400 26,553 32,73 847,310 37.80 o.7avwa £8.9
L EBTE7-EZ00 ER 219,385 3E.44 287,270 3461 0. 1l&20 E7.8
& EBY??-Z00 ER 84,591 2Z.34 E45, 067 27.01 O.Z826 E6.1
7 LDCE-&3 238,098 2Z.432 FEE,E4E 24,27 0.z38l EE. &
Total CDF = 1.633Z

Besults Table 3. Flexible ACN at Indicated Gross Weight and Strength

No. Aircraft Name Gross % Gl on Tire ACH ACH on

Meight Main Gear Pressure Thick cigl
1 a300-E4 STD 264,747 24,00 Zle. 1 26,00 EZ. 5
Z AZ12-100 =td 141,378 2Z.60 1726 Z27.48 36,4
3 BY37-300 140,000 Q0. 86 zZ01.0 Z8.36 35.8
4 BY47-400 877,000 23,32 zZO00.0 38.81 TZ.6
L BYE?-Z00 ER 296,000 0.8z 1300 aL.E2E La.8
& BY7Y?-Z00 ER EL57, 000 21.80 Z05.0 237,55 £2.0
7 DCE-63 330,000 26,1 136.0 34L84 E&. &

C.6.1.2 Figure C-5 shows the results of the COMFAA Batch PCN Flexible
calculations. The top portion of Figure C-5 (Results Table 1) shows the
required thickness in accordance with the FAA CBR method for a flexible
pavement with a CBR 8 subgrade. The B747-400 aircraft has the greatest
individual pavement thickness requirement (31.3 in.) for its total traffic over
20 years. Note that the thickness requirements for several individual aircraft
are approximately equal to, or slightly less than, the evaluation pavement
thickness of 31.9 in. This indicates that the pavement thickness may be
deficient for existing traffic.

C-13
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The middle portion of Figure C-5 (Results Table 2) shows the results of the
detailed method based on the cumulative damage factor (CDF) procedure
that calculates the combined damage from multiple aircraft in the traffic
mix. The numerical values in the CDF column represent damage to a 31.9-
in. thick flexible pavement on a CBR 8 subgrade for each aircraft in the list.
The total CDF represents the combined damage from this traffic. Taking
each aircraft in turn as the critical aircraft, the program computes total
equivalent coverages (based on a CDF analysis), the corresponding
thickness for the total equivalent coverages (which is greater than the
required thickness for the individual aircraft shown in Results Table 1), and
a maximum allowable gross weight. The ACN of the aircraft at the
maximum allowable gross weight at 10,000 coverages, at the appropriate
ICAO standard CBR, is computed and reported in Results Table 2 as the
PCN (last column). In this example, there are two aircraft that can load the
pavement over 5,000,000 times before the pavement fails (critical aircraft
total equivalent coverages > 5,000,000). These aircraft have little impact on
this pavement’s structural performance, and the corresponding PCNs are
low. The PCN for this pavement can be reported as the highest PCN in the
PCN column. Based on the information in Figure C-5, the airport may
report a PCN of 69/F/C/WI/T or 69/F/C/XI/T.

The bottom portion of Figure C-5 shows the ICAO standard ACN of each
aircraft at the input values of gross weight, percent gross weight on the
main gear, and tire pressure. When the total CDF>1, as is the case in this
example, at least one of the ACN values reported in Results Table 3 will
exceed all of the PCN values in Results Table 2. In this example, the ACN
computed for the B747 is 72.6 on subgrade category C, so the pavement
does not have sufficient strength to support existing traffic.

The following notes apply when total CDF > 1.:

1. Atleast one ACN value in Results Table 3 will be greater than all of the
PCN values in Results Table 2.

2. For all aircraft, the thickness for total equivalent coverages (Column 3
in Results Table 2) will exceed the evaluation pavement thickness for
the input subgrade CBR.

3. For all aircraft that have fewer than 5,000,000 total equivalent
coverages as reported in Column 2 of Results Table 2, the
corresponding thickness for total equivalent coverages in Column 3 will
be greater than the input evaluation thickness.

4. One aircraft in the list will have the fewest equivalent coverages,
greatest thickness requirement for total equivalent coverages, and
greatest ACN thickness at the maximum allowable gross weight. The
largest ACN thickness value in Results Table 2 (the PCN thickness
value) will be less than at least one ACN thickness value in Results
Table 3.

C-14
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5. A project to strengthen the pavement to support forecast traffic is
required.

6. An overload analysis should be performed.

C.6.2  Flexible Pavement Example 2.
C.6.21 This second example has the same pavement cross section and subgrade
CBR as Example 1, but with reduced traffic that results in a total CDF equal
to 1. As in Flexible Example 1, the taxiway has a parallel configuration
(Figure A-1b) such that the P/TC ratio = 1. Since the pavement cross
section is the same as in Example 1, the evaluation thickness is likewise the
same (31.9 in.). The traffic is given in Table C-5.
Table C-5. Input Traffic Data for Rigid Example 1
No. Aircraft Name Gross Percent GW Tire Annual
Weight, Ibs. on Main Pressure, psi | Departures
Gear
1 A300-B4 STD 364,747 94.00 216.1 915
2 A319-100 STD 141,978 92.60 172.6 732
3 B737-300 140,000 90.86 201.0 3,660
4 B747-400 877,000 93.32 200.0 610
5 B767-200 ER 396,000 90.82 190.0 1,220
6 B777-200 ER 657,000 91.80 205.0 610
7 DC8-63 330,000 96.12 196.0 1,830

C-15



08/14/14 AC 150/5335-5C
Appendix C

Figure C-6. Detailed COMFAA Batch PCN Output — Flexible Example 2

CER = 2.00 {(Subgrade Category is C{&)

Evaluation pawement thickness = 31_90 in
Pas=s to Traffic Cycle (PtoTC) Ratio = 1_.00
Maximam number of wheels per gear = &
Maximuam number of gears per aircraft = 4
At least one aircraft has 4 or more wheels per gear. The FAlLd recommends a reference sectioh assuming

L inches of HML and 8 inches of crushed aggregate for egquivalent thickness calculations.

Besults Table 1. Input Traffic Data

Gross Percent Tire Anrmaal Z0-vr &I
No. Ajrcrafr MName WMeight Gross Tt Press Deps Cowerages Thick
1 A4z00-E4 ETD 264,747 34._00 216.1 21k 10,0F8 Z8.94
Z  AZ159-100 std 141,378 B32E_&0 17z. 68 T3E 3,930 z1.27
3 ET3T-300 140,000 30.8&8 zZ01.0 2,660 18,91z 24,44
4 ET47-400 877,000 33_3Z z00.0 510 5,997 30.34
&L EBT7e7-Z00 ER 336,000 30.82 120.0 1,220 13,306 Z8.65
& EBT7?7-Z00 ER 657,000 31_80 Z0&.0 510 5,896 Z23.90
7 DCB-63 330,000 S&6.12 12&.0 1,830 Z1,0258 29,41
DBesults Table 2. PCH Walues
Critical Thickness Maximam ACHN Thick at
Aircraft Total for Total Allowable Max. Allowable PCH on
No. Aircraft Name Ecuiv. Cowvs. Ecuiwvw. Cows. Gross Weight Gross Weight CLF Cig)
1 Az00-E4 ETD E&, 959 21.920 264,749 26,00 O.1427 2.5
Z  AZl19-100 =td =L,000,000 21.20 141,378 Z27.485 0.000L 6.4
3 ET3T-300 =L,000,000 21.20 140,000 Z8.36 0.0013 38.8
4 ET47-400 1&,201 21.90 277,004 28.81 0.431% TZ.6
£ ETe7-Z00 ER 133,827 21.90 296,002 3L.ZE 0.0934 Ea.8
& EBT7?7-Z00 ER E1l,500 21.90 EE7, 002 37.55 0.1724 53.0
7 DC3-&3 145,238 21.90 330,001 24,584 0.14EZ E&.E
Total CDF = 0.593933

Besults Table 3. Flexible ACN at Indicated Gross Weight and Strength

No. Aircraft Name Gross % GW on Tire ACH ACN on

WMeight Main Gear Pressure Thirck Cia)
1 A300-B4 STD 364,747 94.00 216.1 36,00 2.5
£ A312-100 =td 141,978 SZ.60 17E. 6 7. 45 6.4
3 BY37-3200 140,000 20. 86 z01.0 z8. 36 8.8
4 BY47-400 277,000 23,38 z00.0 28,81 VE.B
L BYE7-Z00 ER 296,000 20,82 120.0 3L.22 E3.8
& BY7?-Z00 ER &7, 000 21.80 Z0&.0 a37.EE £2.0
7 DCE-63 330,000 26.1E 12&.0 24,54 Eg.E

C.6.2.2 Figure C-6 shows the results of the COMFAA Batch PCN Flexible
calculations for Example 2. The top portion of Figure C-6 (Results Table 1)
shows the required thickness using the CBR thickness design in accordance
with the FAA CBR method for a flexible pavement with a CBR 8 subgrade.
As in Example 1, the B747-400 aircraft has the greatest individual
pavement thickness requirement (30.34 inches) for its total traffic over 20
years. In this case, all the individual aircraft thickness requirements are less
than the evaluation thickness.
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The middle portion of Figure C-6 (Results Table 2) shows the results of the
detailed method based on the cumulative damage factor (CDF) procedure
that allows the calculation of the combined effect of multiple aircraft in the
traffic mix. The various columns are described in Example 1. The PCN for
this pavement can be reported as the highest PCN in the last column of
Results Table 2. The airport may report a PCN of 73/F/C/WIT or
73/FIC/XIT. Note that the physical structure in this case is the same as
Example 1, but the PCN that can be reported is higher than in Example 1,
because the technical PCN depends on the anticipated traffic as well as the
structure. Results Table 3 shows that all of the aircraft have ACNSs at their
operating weights that are less than the reported PCN, hence no operating
restrictions are needed.

Figure C-7 illustrates a useful feature of the P/TC ratio in COMFAA. In
Example 1, the total CDF computed is 1.6392. To determine the reduced
level of operations of the same traffic mix that would result in CDF =1,
simple take the reciprocal value of Total CDF (= 1/1.6392 = 0.61). Entering
the value 0.61 in the P/TC ratio field instead of 1 results in Total CDF = 1.
This allows the user to compute the PCN value applicable to the case where
CDF =1, without having to create a separate external traffic file. As shown
in Example 4, this provides a consistent means of reporting PCN for
pavements that are extremely strong compared to the traffic-driven
structural requirement.
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Figure C-7. Detailed COMFAA Batch PCN Output — Flexible Example 2, Computed Using
the Traffic Mix from Example 1 and Modified P/TC Ratio

CER = 5.00 (Subgrade Category is C(&))

Evaluation pavement thickness = 31.90 in
Pass to Traffic Cycle (PLoTC) Ratio = 0.&1 (non-standard)
Maximum rmamber of whesls per gear = &
Maximum rmamber of gears per aircrafc = 4
it least one ajircraft has 4 or more wheels per gear. The FAAL recommends a reference section assuming

5 inches of HMA and 2 inches of crushed aggregate for egquiwvalent thickness calcoulations.

REesults Table 1. Input Traffic Data

Gross Percent Tire Arnrmal 20-wr [
No. Aircraft Name Weight Gross Wc Press Deps=s Coverages Thick
1 A300-E4 ETD 364,747 2400 Z16.1 1,500 10,0Z28 Z28.594
£ A319-100 =td 141,978 292_80 17z.68 1.,z00 3,930 21.27
2 B737-200 140,000 20,86 Z01.0 &, 000 18,214 24.44
4 E747-400 g77,.000 93,32 zZ00.0 1,000 5,937 20. 34
5 EB7E7-Z00 ER 326,000 =20.8E 130.0 Z,.000 13,307 Z8.68
& EB777-Z00 ER &87,.000 2l1.80 Z05.0 1,000 5,837 Z3.30
7 DC8-53 330,000 95 12 19&6.0 3,000 21,096 29,41
PEesult=s Table Z. PCH Values
Critical Thickness Maximum ACH Thick at
Aircraft Total for Total Allowahle Max. Allowable PCH on
No. Aircrafrt Name Equiv. Cowvs. Equiv. Cows. Gross Weight Gross Weight CDF cig)l
1 AZ00-E4 STD 66,975 31.20 264,747 2600 0.1437 G55
Z  A31%-100 std =E,000,000 21.320 141,378 2746 0.000l1 6.4
3 B737-300 =5,.000,000 31.90 140,000 28.36 0.o0o013 38.8
4  EB747-400 16,203 31.20 876,338 3881 0.4319 TE.&
5L B7e7-Z00 ER 133,839 3190 396,000 3522 0.0994 La.g
& EB77Y7-Z00 ER El,&05 31.20 ELE, 2333 37.EE 0.17z4 E2.0
7 DCS-532 145,251 21.320 330,000 24. 84 0.14E82 Eg. &
Total CDF = 1.0000

Eesults Table 3. Flexible ACHN at Indicated Gross Weight and Strengch

No. Aircraft Name Gross ¥ G on Tire ACH ACH on

Weight Main Gear Preszure Thick ClE)
1 AZ00-E4 =TD 364,747 94 .00 7le_1 3&.00 GE.5
2 AZ215-100 =td 141,372 9Z.80 172. 8 Z27.48 g4
2 B73I7-200 140,000 a0, 88 z0l.0 8. 368 g8
4 B747-400 277,000 93,32 Z00.0 2z.821 TE.B
E B7&7-Z00 EE 296,000 a0, 82 120.0 3ELEE La.g
& B777-Z00 EER 557,000 91.80 Z0s5.0 37.55 ag.0
7 DC2-53 230,000 96,1z 12e.0 34,84 Lg. .k

C.6.25 The following notes apply when total CDF = 1:

1. For all aircraft, the thickness for total equivalent coverages (Results
Table 2, Column 3) will be the same as the COMFAA evaluation
thickness.

2. All maximum allowable gross weights in Results Table 2 will be
approximately the same as the COMFAA input gross weights and ACN
weights in Results Table 3.

3. Al PCN values in Results Table 2 will be the same as the ACN values
in Results Table 3.
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C.6.3 Flexible Pavement Example 3.

C.6.3.1

C.6.3.2

The only change in this example from the second example is that the
taxiway has a central configuration rather than parallel, such as that shown
in Figure A-1b. Figure C-8 shows the effect when the P/TC ratio changes
from 1 to 2, which results in double the number of coverages for each
aircraft in the traffic mix. As expected, the required total pavement
thickness for each aircraft in the traffic mix has increased. The B747-400
aircraft still has the greatest individual pavement thickness requirement
(31.64 inches) for its total traffic over 20 years. Note the thickness
requirements for the B747-400 now approaches the evaluation thickness
(31.91in.).

Referring to the results Table 2 in the middle portion of the output, only the
B737-300 and the A319-100 std airplanes have little impact on this
pavement’s performance. It is apparent the pavement is not adequate to
accommodate the existing traffic. As expected, changing the taxiway
system from parallel to central has lowered the PCN of the pavement by
effectively doubling traffic volume. The airport may report 68/F/C/WI/T or
68/F/C/X/T. The ACN of two aircraft, the B747-400 and the B777-200 ER
exceed the pavement PCN and the airport should plan for a pavement
strengthening project or consider placing restrictions on those aircraft. The
net effect of the change in taxiway configuration from that of Example 2 is
the reduction by 5 in the PCN.
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Figure C-8. Detailed COMFAA Batch PCN Output — Flexible Example 3

CEER = 5.00 {Subgrade Category is C{&))
Evaluation pawvement thickness = 31.90 in
Pass to Traffic Cycle (ProTC) Ratio = Z.00
Maximum rmamber of wheesls per gear = &
Maximum rmamber of gears per aircraft = 4
it least one ajircraft has 4 or more wheels per gear. The FAL recommends a reference section assuming
5 inches of HMA and 2 inches of crushed aggregate for egquiwvalent thickness calculations.
REesults Table 1. Input Traffic Data
Gross Percent Tire Arrmaal 20-wr &L
No. Aircraft Name Weight Gross Wt Press Leps Coverages Thick
1 A300-E4 ETD 364,747 2400 Z16.1 21k 20,049 3012
£ A319-100 =td 141,978 292_80 17z2._6 73z 7,860 Zz.39
2 B737-200 140,000 20,86 Z01.0 2,660 37,824 ZE_48
4 E747-400 g77,.000 93,32 z0o.0 g10 13,293 31.64
5 EB7E7-Z00 ER 326,000 =20.8E 1z0.0 1,220 26,812 a4
& EB777-Z00 ER £87,000 21.80 Z05.0 g10 17,732 3078
7 DC8-63 330,000 95 12 19&6.0 1,830 47,189 30._40
PEesult=s Table Z. PCH Walues
Critical Thickness Maximum ACH Thick at
Aircraft Total for Total Allowabhle Max. Allowabhle FCH on
No. Aircrafrt Name Eqpuaiv. Cows. Equiv. Cowvs. Gross Weight Gross Weight CLF Cigl
1 A300-E4 STD 133,940 IE.TE 351,734 3505 0.z994 La
Z  A31%-100 std =5,000,000 2E.ZE 138,220 z7.09 0.0001 354
3 B737-300 =5,.000,000 3241 136,414 z27.90 0.00za ar.h
4  EB747-400 3E,402 33.06 236,402 3742 0.8637 &7 &
5L B7e7-Z00 ER Ze7,653 F2_66 383,894 3437 0.1988 570
& EB77Y7-Z00 ER 103,201 3E_EL 540,634 3682 0.344%8 g5 4
7 DCS-532 za0,476 IE.E3 219,773 3407 0.z30k& E&.0
Total CDF = 1.935932
Eesults Tabhle 3. Flexible ACHN at Indicated Gross Weight and Strength
No. Aircraft Name Gross ¥ G on Tire ACH ACH on
Weight Main Gear Pressure Thick ClaE)
1 a300-B4 STD d64, 747 94 _00 Z2la.1 600 6z 5
Z AZ159-100 =td 141,378 2z_&0 172. 6 2746 364
2 B737-300 140,000 0. 26 z0l.0 Z8.36 8.8
4 E747-400 a77,.000 9332 zoo.o 28.81 TEE
5 B7&7-200 ER 296,000 0.8z 130.0 3E_E2 Ea_ g
& B777-Z00 ER 657,000 21.80 z05.0 3755 &68.0
7 DCE-63 230,000 6 12 13&5.0 24.84 Eg_E
C.6.4  Flexible Pavement Example 4.
C64.1 In some cases, the pavement to be evaluated has significant excess

structural capacity compared with the requirement due to forecast traffic.
This situation may arise, for example, when an overlay is added for non-
structural purposes, or in cold climates where a very thick subbase may be
needed to provide frost protection on a frost-susceptible subgrade. This
example shows a consistent way to report PCN for flexible pavements that
are extremely strong with respect to the input traffic (total CDF<<1). In
Figure C-9, the pavement from Example 1 has been strengthened with a 2-
inch overlay. Assuming a reference section with 5 inches of P-401 and 8
inches of P-209, the evaluation thickness for COMFAA is 36.4 inches
(versus 31.9 in. prior to the overlay).

C-20



08/14/14

C.64.2

AC 150/5335-5C
Appendix C

Figure C-10 shows the COMFAA output when PCN is computed using the
evaluation thickness 36.4 in. and P/TC=1. For the overlaid pavement
subject to the forecast traffic, total CDF is much less than 1 (total CDF=
0.0355), indicating that the 20-year traffic mix causes insignificant damage
to the pavement. Similarly, the largest value of thickness for total equivalent
coverages in Results Table 2 is much less than the COMFAA evaluation
thickness at the evaluation CBR. Hence, it is necessary to use an unrealistic
allowable gross weight for the critical aircraft to compute PCN. Using the
regular COMFAA procedure without adjustment, the airport could report
PCN=97/F/C/X/T for this pavement. However, this PCN is based on an
unrealistically high allowable gross weight for the B747-400 (1,060,338
Ibs.).

Figure C-9. Screen Shot of Flexible PCN Tab in COMFAA Support Spreadsheet for
Computing Equivalent Pavement Structure in Flexible Example 4. The structure is the
same as Example 1, but with a 2-inch HMA overlay, for a total P-401 thickness of 7 inches.

P-401 reference t

5.00

P-209 reference t

8.00

Reference Guidance AC 150/5335-5B App A-2 ExisFing Existing Pavement Equivalent Pavement
Fig. A2-2 | Figs.A2-1&2|| Flexible 0
Flexible Pavement [Convert to| Convertto | Pavement | ENTER Existing ] HMA
Structure ltems P-209 P-154 Layers | Layer Thickness 1 P-401
P-401/3 P 403 1.6 UseFaa || P-401/3 7.0 in. 1 .
| Std LU 10 4 P-304 Base
P-306 ECONOCRTE 1.2 Factors PHE0E 00 in || g,
< i
P-304 CEM. TRTD 1.2 /2 P08 40 in_ |8 |
£ 20
P-209 Cr AGG 1.0 1.4 P-209 6.0 in. @
o203 5 P-154 Subbase
P-208 Agg, P-211 1.0 1.2 i 00 in |2 ]
°
¥ 30
P-301 SOIL-CEM. n/a 1.2 P-301 00 in |3 ]
|
P-154 Subbase n/a 1.0 [Pl 15.0 in. 1 CBR8.0
— |
40 CBR8.0
Equivalent Thickness, mm Subgrade CBR... 8.0 L
P-401/3 5.0
|O Metric “ ® English |
P-209 8.0 Format Save Clear Saved Zero Layer
P-154 23.4 Chart Data Data Data
Total 36.4 Loc_ID Pavement ID
ENTER Ref.Section Reguirements ABC 523 COMFAA Inputs

in.

Project Details

in.

Examples

Evaluation thickness t = 36.4in.
Evaluation CBR = 8.0
Recommended PCN Codes: F/C/X
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Figure C-10. Detailed COMFAA Batch PCN Output — Flexible Example 4 (unadjusted)

No. Aircraft Name

1 Az00-EB4 ETD
Z  AZ15-100 =td
2 BTI7-200

4 ET747-400

L B7e7-Z00 EL
& BT??-Z00 ER
7 DCE-63

No. Aircraft Name

1 Az00-EB4 ETD
Z  AZ15-100 =td
2 BTI7-200

4 ET747-400

L B7e7-Z00 EL
& BT?7?-Z00 EL
7 DCE-63

No. Aircraft Name

1 AZ00-E4 STD
Z AZ13-100 =td
2 B737-200

4 B747-400

L B7E7-zZ00 ER
& BY?7-z00 ER
7 DC2-63

CER = 5.00 (Subgrade Category is C(&))
Evaluation pavement thickness = 36_.40 in
Pass to Traffic Cycle (PcoTC) Ratio = 1.00
Maxiwum number of wheels per gear = &
Maxiwuw number of gears per aircraftc = 4
At least one aircraft has 4 or more wheels per gear. The FALA recommends a reference section assuming

5 inches of HMA and 8 inches of crushed aggregate for equiwvalent thickness calculations.

RBesults Table 1. Input Traffic Data

RBesult=s Tahle 2. PCN VWalues

Gross Parcent Tire Anruaal z0-yr =18
WMeight Gross o Press Deps=s Coverages Thick
364,747 59400 Zle. 1l 1,500 le,434 EQ_T9
141,378 B9z &0 17zZ. 6 1,z00 6,443 EZ.08
140,000 20,86 Z0l.0 &,000 31,003 EE.19
277,000 93,32 Zoo. o 1,000 11,470 21.Z8
326,000 20.8Z l20.0 Z,000 21,813 ED.44
657,000 21.80 Z05.0 1,000 14,583 30.54
330,000 296012 1%&.0 3,000 34,581 30013
Critical Thickness Mazximam ACN Thick at
Aircraft Total for Total Allowable Max. Allowable PCH on
Equiv. Covs. Equiv. Cows. Gross Weight Gross Weight CDF Ci&y
Z&4,870 33.E6 406,912 23,00 0.00Zz 733
=5,000,000 ZE.BE 146,714 £8.03 o.aoao 7.9
=5,000,000 3E.35 147,131 227 o.aoao 41.3
1z ,676 21l.46 1,060,338 4483 0.03Z1 963
1,026,028 24.0z2 431, 32E0 37.87 o.ooov? e84
=5,000,000 36, E4 &E0, 7?76 37.7e o.oooo 1=
Z,.881,679 34. 56 354,742 36.67 o.0o04 o649
Total CDF = 0.0355

RBesult=s Tahle 3. Flexikle ACN at Indicated Gross Weight and Strength

Gross % Gl on Tire ACH ACN on
WMeight Main Gear Pressure Thirck CiE)
364,747 2400 zle. 1l 26,00 EE.E
141,378 2Z.60 17Z. & Z27.45 6.4
140,000 20,86 Z0l.0 Z8.36 38.8
877,000 23,38 Z00.0 38,81 TE.E
326,000 20,82 120.0 3E.ZE E3.8
&87,000 21.80 Z0&.0 a7.EE £2.0
330,000 26012 12960 24,84 Eg. k&

C.6.4.3

The regular COMFAA procedure given in section 2.1 is most suitable when
the total CDF > 0.15. When the procedure results in CDF < 0.15, as in this
example, the FAA recommends adjusting the input traffic such that the
PCN is reported for a total CDF = 0.150. Rather than modifying the
COMFAA external aircraft file, the P/TC ratio can be used to obtain total
CDF=0.150 as follows.

1. Perform a PCN Flexible Batch operation using the appropriate P/TC
ratio based on the criteria in Appendix A.

2. Note the value of Total CDF in Results Table 2.

3. Multiply the original value of P/TC ratio by the factor 0.15/Total CDF,
where Total CDF is taken from Step 2.
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4. Enter the new value of P/TC ratio in the P/TC field in COMFAA.

Repeat the PCN Flexible Batch operation with the new value of P/TC
ratio. This will result in a new Total CDF equal to or close to 0.15.

6. Note that the maximum value of P/TC ratio allowed in COMFAA is 10.
This should be sufficient in most cases. However, if the value computed
in Step 3 exceeds 10, increasing the annual departures of all input
aircraft by a factor of 10 and repeating steps 1 through 5 will generally
result in Total CDF=0.150.

Figure C-11 shows a re-analysis of the overlaid pavement using an adjusted
value of the P/TC ratio equal to 1 x 0.15/0.0355 = 4.225. As indicated in
Results Table 2, the adjusted Total CDF = 0.15. The airport can report
PCN=84/F/C/X/T at Total CDF=0.150, based on a more reasonable
maximum allowable gross weight of the B747-400. Results Table 3 shows
that all aircraft in the existing mix operate at ACNs much lower than the
reported PCN. There is no need to report a PCN higher than 84/F/C/XI/T.
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Figure C-11. Detailed COMFAA Batch PCN Output — Flexible Example 4 (with

adjustment to P/TC ratio to force Total CDF = 0.15)

At least one

Pesults Table

Lesults Table
No. Aircraft

1 AZ00-B4 5
Z AZl5-100
3 B737-300
4 B747-400
L B7e7-200
& B777-Z00
7 DC2-£32

CER = 8.00 (Subgrade Category is C(6))
Evaluation pawvement thickness = 36.40 in
Pas=s to Traffic Cycle (PtoTC) Batio = 4.3 (non-standard)
Maximum rmumber of wheels per gear = B
Maximum rmamber of gears per aircraft = 4
aircraft has 4 or more wheels per gear. The Fil recommends a reference sectioh assuming

5 inches of HMLZ and 8 inches of crushed aggregate for equivalent thickness calculations.

Gross Percent Tire Anrmal Z0-yr [
No. Aircraft Name Weight Gross Wt Press Deps Coverages Thick
1 &A300-B4 ETD 264,747 24_00 z1la.1 1,&00 &3 ,439 21.59&
£  AZ15-100 =std 141,378 59zZ_&0 17E. 8 1,00 27, EE3 4. 22
2 B737-300 140,000 90_2c z01.0 &,000 121,000 Z27.1%
4 EBE747-400 277,000 93 3E zoo.0 1,000 48, 4565 33.E68
5 B757-2Z00 ER 396,000 90_8F 150.0 z,000 9E,159 31.43
& B777-z00 ER 657,000 91_20 Z0E.0 1,000 &l &6z0 ZEZ.08
7 DCE-53 330,000 9&5_1F 15&.0 3,000 144,118 31.591
Fesults Table 2. PCN Walues
Critical Thickness Mazimam ACN Thick at
Aircraft Total for Total Allowable Max. Allowahble PCH on
MNo. Ajrcraft Name Ecpaiw. Cows. Ecmaiv. Cows. Gross Weight Gross Weight CD'F Cig)
1 A300-B4 ETD 1,113,17E 24.397 325, 07E 37,48 0.00932 &£7.7
£ A319-100 =td =&, 000,000 3a.0E 144, 476 2775 0.0ooo 37.E
2 B737-300 =&, 000,000 2E.85 143,637 za.832 0. o0oo0 40.1
4 EB747-400 53,5589 33.83 963,201 41.69 0.1357 83.8
L B7&7-zZ00 ER 4,377,664 25,13 413,121 g4z 0.00z2z2 &4.0
& B777-200 ER =&, 000,000 26, 3E &3, 81E 27.632 0. o0oo0 2.3
7 DCE-63 =5,.000,.000 35.48 342,077 35,74 o.ools 6l.6
Total CDF = 0.1493

1. Input Traffic Data

3. Flexible ACHN at Indicated Gross Weight and Strength

Name Gross % G on Tire ACH ACH on
WMeight Main Gear Pressure Thick Cigl
TD 364,747 94 00 2le.1 3F6._00 625
std 141,378 2z._&0 172.6 2746 6.4
140,000 0. 86 z01.0 £8._36 38.8
277,000 2332 zoo.0 3881 TE.E
ER 396,000 Q0. g2 120.0 3E.ZE Ea.g
ER 657,000 91.80 z05.0 3755 68.0
230,000 6 12 136.0 24. 84 Eg_E

C.7 Technical Evaluation for Rigid Pavements.

C.7.1  The following list summarizes the steps for using the technical evaluation method for

rigi

d pavements:

Determine the traffic volume in terms of type of aircraft and number of annual
departures of each aircraft.

Determine the pavement characteristics, including subgrade soil modulus, k, and the
concrete thickness and flexural strength.

Perform the CDF calculations to determine the maximum allowable gross weight
for each aircraft on that pavement at the equivalent annual departure level.
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e Calculate the ACN of each aircraft at its maximum allowable gross weight. Select
the PCN from the ACN data provided by all aircraft.

C.7.2  The above steps are explained in greater detail:

C.7.21 Determine the traffic volume in the same fashion as noted in Paragraph C.6
for flexible pavements.

1.

From field data or construction drawings, document the k value of the
subgrade soil. Alternatively, conduct field or laboratory tests of the
subgrade soil in order to determine the k value. Accurate portrayal of
the subgrade k value is vital to the technical method because a small
variation in k value could result in a disproportionately large variation
in the aircraft allowable gross weight and the corresponding PCN.

Using COMFAA, input annual departure level for each aircraft, input
the Pass/Traffic cycle ratio (P/TC) for the runway.

The rigid design procedure implemented in the COMFAA program
calculates pavement thickness requirements based on the concrete edge
stress, which is in turn dependent on load repetitions of the total traffic
mix. Itis therefore a requirement to convert traffic cycles or passes to
coverages repetitions by using a pass-to-coverage ratio. P/C ratios for
any aircraft on rigid pavement are calculated in the COMFAA program.
COMFAA allows the user to directly input annual departures or
coverages and will use aircraft-specific pass-to-coverage ratios to
automatically convert to coverages for calculation purposes. Since the
pass-to-coverage ratio for rigid pavement may be different than flexible
pavement, the user must enter coverages in the appropriate location for
each pavement type.

Obtain the pavement characteristics including the concrete slab
thickness, the concrete modulus of rupture, and average modulus, k-
value, of the subgrade. Concrete elastic modulus is set at 4,000,000 psi
and Poisson’s ratio is set at 0.15 in the COMFAA program. Accurate
subgrade modulus determination is important to the technical method,
but small variations in the modulus will not affect the PCN results in a
disproportionate manner. This is in contrast to flexible pavement
subgrade modulus in which strength variations have a significant effect
on PCN. If the pavement has a subbase course and/or stabilized
subbase layers, then the subgrade modulus is adjusted upwards in the
rigid design procedure to an equivalent value in order to account for the
improvement in support. Subgrade modulus adjustments are made
based on the FAA Westergaard method guidance included herein as
Figures B-4 through B-7 and summarized in Table B-2.

Using the known slab thickness modified based on overlays (see Figure
B-7), subgrade modulus modified based on improvements gained from
subbase course(s) (see Figures B-4 and B-6), P/TC ratio for the runway,
each individual aircraft’s annual departure level, and each aircraft’s
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parameters, compute the maximum allowable gross weight of each
aircraft using the COMFAA program in the pavement design mode.

Assign the subgrade modulus (k-value) to the nearest standard ACN-
PCN subgrade code. The k-value to be reported for PCN purposes is
the improved k-value seen at the top of all improved layers (k-value
directly beneath the concrete layer). Subgrade codes for k-value ranges
are found in Table 2-1.

The ACN of each aircraft may now be determined from the COMFAA
program. COMFAA calculates the ACN for the appropriate subgrade
codes using the allowable gross weight of each aircraft. Alternatively,
consult an “ACN versus Gross Weight” chart as published in the
manufacturer’s ACAP manual.

Assign the tire pressure code based on the highest tire pressure in the
traffic mix from Table 4-2. Since rigid pavements are typically able to
handle high tire pressures code W can usually be assigned.

The evaluation method is technical, so the code T will be used as
discussed in Paragraph 4.6.5.

The numerical value of the PCN is selected from the list of ACN values
resulting from Step 6 from all aircraft. If all aircraft regularly use the
airport, then select the highest ACN value and report it as the PCN. If
some of the aircraft in the traffic mix use the airport infrequently, then
further consideration must be given to the selection of the PCN. If an
aircraft that operates infrequently at the airport generates a PCN value
considerably higher than the rest of the traffic mix, then reporting the
ACN of this aircraft as the PCN will require a change to the PCN if the
aircraft’s usage changes.

Note: The recommended frequency for regularly using aircraft is
equivalent to about 20-yr coverages of 1,000.

The numerical value of the PCN is the same as the numerical value of
the ACN of the critical aircraft just calculated in Step 7.

If the allowable maximum gross weight of Step 11 is equal to or greater
than the critical aircraft operational gross weight required for the
desired pavement life, then the pavement is capable of handling the
predicted traffic for the time period established in the traffic forecast.
Accordingly, the assigned PCN determined in Step 11 is sufficient. If
the allowable gross weight from Step 11 is less than the critical aircraft
gross weight required for the desired pavement life, then the pavement
may be assigned a PCN equal to the ACN of the critical aircraft at that
gross weight, but with a reduced pavement life. Additionally, it may
then be necessary to develop a relationship of allowable gross weight
based on the assigned PCN versus pavement life. Appendix D provides
procedures on how to relate pavement life and gross weight for rigid
pavements in terms of PCN. Any overload (see Appendix D) should
be treated in terms of ACN and equivalent critical aircraft operations
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per individual operation. Allowances for overloads must be approved
by the airport owner on a case by case basis.

Technical Evaluation Examples for Rigid Pavements.

The following four examples help explain the technical evaluation method of
determining a PCN for rigid pavements. The first example pavement is under-designed
and the traffic volume has increased to such a level that pavement life is reduced from
the original design (Total CDF > 1). The second pavement has more than adequate
strength to handle the forecasted traffic (Total CDF < 1). The third example pavement is
the same as number two, except that the aircraft generally do not obtain fuel at the
airport. The fourth example demonstrates a consistent method to report PCN when the
pavement under consideration contains significant excess structural capacity relative to

the forecast traffic (Total CDF << 1).

Rigid Pavement Example 1 (Total CDF>1).

C8.1l1

An airport has a rigid (concrete surfaced) runway pavement with a subgrade

k-value of 100 pci and a slab thickness of 14.5 inches, with an existing cross
section as shown in the lower right portion of Figure C-12. The concrete has
a flexural strength of 650 psi. The runway has a parallel taxiway, and
additional fuel is obtained at the airport before departure. The pavement life
is estimated to be 20 years from the original construction. The traffic shown
in Table C-6 regularly uses the pavement. Table C-7 summarizes the
existing rigid structure and the computation of the improved k-value for
input into COMFAA.

Table C-6. Input Traffic Data for Rigid Example 1

No.

Aircraft Name

Gross
Weight, Ibs.

Percent GW
on Main
Gear

Tire
Pressure, psi

Annual
Departures

A300-B4 STD

364,747

94.00

216.1

1,500

A319-100 STD

141,978

92.60

172.6

1,200

B737-300

140,000

90.86

201.0

6,000

B747-400

877,000

93.32

200.0

1,000

B767-200 ER

396,000

90.82

190.0

2,000

B777-200 ER

657,000

91.80

205.0

1,000

N oo b WIN|F

DC8-63

330,000

96.12

196.0

3,000
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Table C-7. Conversion to Equivalent Pavement Structure in Rigid Example 1.

Existing Pavement Structure

Existing top-of-subgrade k-value = 100 pci

Equivalent Pavement Structure

4 inch P-403 improves k-value to 287 pci
12 inch P-209 improves k-value to 215 pci

14.5 inch concrete layer (P-501)

4 inch HMA stabilized subbase layer (P-403)
12 inch crushed aggregate subbase (P-209)
Subgrade k-value 100 pci

Concrete strength 650 psi

14.5 inch concrete layer (P-501)
k-value 287 pci
Concrete strength 650 psi

C.8.12

The number of load repetitions depends on the number of traffic cycles,
which is calculated using Equation A-1 and then converted to coverages in
the COMFAA program. Since additional fuel is generally obtained at the
airport, and there is a parallel taxiway, P/TC = 1. This value is entered in

the appropriate field on the COMFAA main window, along with

appropriate values for the concrete strength, PCC slab thickness and the
value of improved k-value determined above, as shown in Figure C-13.
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Figure C-12. Screen Sot of Rigid PCN Tab in COMFAA Support Spreadsheet for
Computing Equivalent Pavement Structure in Rigid Example 1

Existing Rigid Evaluation
Ref. AC 150/5335-5B Appendix A-2 Rigid [ Pavement Layers ENTER Existing Layer Improved\ k-
Pavement Structure Items Layer Thickness Thickness value
Figure A2-7 P-401 Overlay(s i
2 o) 0.0 jii2s 0.0 Overlay to P-501,
Rigid Pavement Thickness P-501 145 in. 14.5 25t0 1
Foundation k=
ThirdPoint Flexural Strength Flexural strength 650.0 psi oundation
Maximum k-
Figure A2-6, default maximum k-value = B NI L 40 in. . Ei2. 0 67 Pt
500 Ib/in”3. (135.7 MN/m” 3) OR input k- P-306 0.0 in 4.0 287
value if greater.
P-304 0.0" in.
P-209 12.0 in 12.0 215
_ : P-208 and/or P-211 0.0 in.
Combined Top and Bottom Figure A2-5. r
P-301 0.0 in 0.0 No Uncrushed
P-154 0.0 in.
1 I
COMEAA Inputs Subgrade k-value . 100.0: Ib/in"3 30.50 287.00
k-value = 287.0 Ib/in"3 (® English - )
Existing Pavement Equivalent Pavement
Rigid Pavement t = 14.5in. 0
9
Flexural strength = 650.0 psi
i Clear Zero 5 |
Recommended PCN Codes: R/B/W Saved Layer p-501 flex p-501 flex
Data Data strength = strength =
< 650.0 psi 650.0 psi
8’ 10 1
Enter Project Details Format | Save 8
Chart Data 5
Examples )
g 2] Stabilized
o - tabilize
Arpt LOC-ID < P-401 K=287.0
g
lou 8 51
Pavement ID o Crushed
RWy 5-23 25 1 k=215.0
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Figure C-13. Screen Shot of COMFAA Main Screen Showing the Required Inputs for

Rigid Example 1

{®] COMFAA 3.0, August 26, 2011 - ...ments\COMFAANCOMFAA 3_OVCOMFAA ACN Only 2013-03-06\Rigid Example 1. Ext

McDonnell Douglas
Other Commercial
General Aviation

Militar

| Library Aircraft
A319-100 std
B¥37-300

B747-400

B767-200 ER
B777-200 ER
DCB8-63

| Cntical Aircraft

Rigid Computation Finished

Grozs Weight [lbs]

% GW on Main Gears

No. Main Gears

Wheels on Main Gear

Tue Pressure [psi)

X=807in ¥=-434in Edit Wheels
| Aircraft Group A300-B4 STD
T Add R
Generic Main Gear Footprint _ | emeve ‘
Airbus
Boeing Select | Move ‘

Library Functions

Load Ext

File

Add Remove
Aircraft Aircraft

Open Aircraft Window |

Miscellaneous Functions

Alpha Used

Pass/Traffic Cycle [P/TC)

Annual Departures

Flex 20yr Covs, P/C = 1.83

Rig 20yr Covs, P/C = 3.65

Rigid Cutoff [times rrs)

Concrete Flex. St [psi)

Details Exit ‘
Help | About ‘
Options
[~ Batch [ PCA Thick
[7 Wetric [ PCA MGW
364,747 Computational Mode
94.00
2 PCN Flexible PCN Rigid MORE 53>
1 Batch Batch
2161
0.000
1.00 SG CBR | Flext in ACN Flex k. Ibs/in”3 Rigt in  ACN Rig
1.500
16,434
8.217
5.00 0.00 287.0
650.0 |Evalualiun Thickness = |14_5I] |Stless =
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Figure C-14. Detailed COMFAA Batch PCN Output — Rigid Example 1

kE Value = 287.0 lbs/in"2 {(Subgrade Category is B{E3E))
flexural strength = &50.0 ps=si
Evaluation pawvement thicknessz = 14_50 in
Pass to Traffic Cyocle (PtoTC) Batio = 1.00

Maximum mumber of whesls per gear = &
Maximum number of gears per aircraft = 4

Besults Table 1. Input Traffic Data

Gross Percent Tire Anmuaal Z0-vr &L
No. Aircraft MName Weight Gross Wt Prass Deps Coverages Thick
1 A300-EB4 STD 364,747 94.00 zle.1 1,500 g,z17 13 24
£ A3Zl2-100 std 141,978 2E.60 17z.6 1,200 6,443 11.584
3 B737-300 140,000 20.826 Z01.0 &,000 31,003 13,89
4 EB747-400 277,000 9332 zZoo. o 1,000 E,73E 13,44
£ B7&7-Z00 ER 33¢,000 20082 130.0 z,000 10,307 1&.80
& B777-EZ00 ER &67,000 21._80 zos.0 1,000 4,861 11._38
7 DCB-63 330,000 2612 136.0 3,000 17,231 13.61

Lesults Table 2. PCHN Values

Critical Thickness Maximanm ACHN Thick at

Ajircraft Total for Total Allowable Max. Allowable PCH on

No. Ajrcraft MName Ecaiv. Cows. Ecuiw. Cows. Gross Weight Gross Weight CL'F B{zZ35)
1 A4300-EB4 STD E0,E64 14.81 3E3,E5E0 1Z.98 0.&32E 4.6
Z  A3Z12-100 std 268,124 14.78 126,817 10.6E8 0.0343 3E.E
3 B737-300 135,137 14.73 134,639 11.01 0.3273 38.3
4 EB747-400 26,352 14.82 548,222 13.55 0.3108 &0.0
L BY&7-z00 ER 12E,316 14.79 283,570 12.41 0.1z7E 437
& EBY?7-z00 ER 1EE, 47E 14.79 £36, 945 13. 60 0. 0446 &0, 5
7 DCE-63 70,872 14.80 213,394 1Z.57 0.34326 El.0

Total CDF = 1.4287

Pesults Table 3. Bigid ACH at Indicated Gross Weight and Strength

No. Aircraft Name Gross % Gl on Tire ACH ACHN on
WMeight Main Gear Pressure Thick EB{Z35)

1 A300-E4 3TD 364,747 24._00 zZl6.1 13.24 57.1
2 A31%-100 std 141,378 9Z_60 172.6 10.54 37,1
2 B?3V-300 140,000 0. 86 z0l.0 11.2% 40.1
4 B747-400 a77,000 3.3 zoo.no 13.85 £3.0
5 B7E7-200 ER 296,000 0.8k 130.0 1Z.67 £l.2
& B7?77-200 ER &57,000 21.80 Z05.0 13.92 3.6
7 DCE8-63 330,000 9612 136.0 12.584 53.4
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Figure C-14 shows the shows the results of the COMFAA Batch PCN Rigid
calculations. The top portion of Figure C-14 (Results Table 1) shows the
required thickness using the thickness design in accordance with the FAA
Westergaard method for a concrete pavement with subgrade k-value of 287
pci. Note that the thickness requirements for several traffic aircraft are
within about an inch of the evaluation pavement thickness (14.5 in). When
the thickness of individual aircraft is close to the evaluation thickness most
likely the thickness needed to accommodate the fleet will be more than the
evaluation thickness resulting in a PCN of the most demanding aircraft
being less than its ACN. The middle portion of Figure C-14 shows the
results of the detailed method based on the cumulative damage factor (CDF)
procedure that allows the calculation of the combined effect of multiple
aircraft in the traffic mix. The numerical values in the CDF column
represent damage to a 14.5-in. thick rigid pavement on an equivalent
subgrade with k = 287 pci for each aircraft in the list. The total CDF
represents the combined damage from this traffic. Total CDF exceeds 1 in
this case, indicating that the pavement is under-designed for the given
traffic. Taking each aircraft in turn as the critical aircraft, the program
computes total equivalent coverages (based on a CDF analysis), the
corresponding thickness for the total equivalent coverages (which is greater
than the required thickness for the individual aircraft shown in Results
Table 1), and a maximum allowable gross weight. The ACN of the aircraft
at the maximum allowable gross weight, at the appropriate ICAO standard
k-value, is computed and reported in Results Table 2 as the PCN (last
column). The PCN for this pavement can be reported as the highest PCN in
the PCN column. Based on the information in Figure C-14, the airport may
report a PCN of 61/R/B/WI/T. Note that the W code should be used for the
tire pressure category because this is a rigid pavement.

Referring to the CDF calculation results shown in Results Table 2 of Figure
C-14, the A319-100 std and the B777-200 contribute the least to the
cumulative damage on this pavement. However, the required thickness in
Column 3 of Results Table 2 is consistently greater than the evaluation
thickness. This indicates that the pavement does not have sufficient strength
to accommodate all existing traffic. The ACNs (Results Table 3) for several
aircraft exceed the pavement PCN and the airport should plan for a
pavement strengthening project or consider placing restrictions on some
aircraft.

The following notes apply when total CDF > 1.

1. At least one ACN value in Results Table 3 will be greater than all of the
PCN values in Results Table 2.

2. For all aircraft, the thickness for total equivalent coverages (Column 3
in Results Table 2) will exceed the evaluation pavement thickness for
the input subgrade k-value.
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3. One aircraft in the list will have the greatest thickness requirement for
total equivalent coverages, and this “PCN thickness” value will be less
than at least one ACN thickness value in Results Table 3.

4. A project to strengthen the pavement to support forecast traffic is
required.

5. Anoverload analysis should be performed.

C.8.2 Rigid Pavement Example 2 (Total CDF<1).

c.8.21 This second example has the same traffic and other input parameters as the
first, except the slab thickness is increased by 0.5 inches to 15 inches. As
shown in Figure C-15, the equivalent k-value is the same as Example 1.
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Figure C-15. Screen Shot of Rigid PCN Tab in COMFAA Support Spreadsheet for
Computing Equivalent Pavement Structure in Rigid Example 2

Existing Rigid Evaluation
Ref. AC 150/5335-5B Appendix A-2 Rigid | Pavement Layers ENTER Existing Layer Improved\ k-
Pavement Structure Iltems Layer Thickness Thickness value
Figure A2-7 P-401 Overlay(s i
g y(s) 0.0l in./25 90 Gyerlay to P-50L,
Rigid Pavement Thickness P-501 15.0 in. 15.0 25t0 1
ThirdPoint Flexural Strength Flexural strength 650.0 psi Foundation k=
Maximum k-
Figure A2-6, default maximum k-value = P X PO 40 in. . Szl e gL
500 Ib/in”3. (135.7 MN/m~3) OR input k- P-306 0.0 in. 4.0 287
value if greater.
P-304 0.0 in.
P-209 12.0 in. 12.0 215
_ ; P-208 and/or P-211 0.0 in.
Combined Top and Bottom Figure A2-5. r
P-301 0.0 in. 0.0 No Uncrushed
P-154 0.0/ in.
| I
COMFAA Inputs Subgrade kvalue | 100.0' Ib/in"3 31.00 287.00
k-value = 287.0 Ib/in"3 (® English o .
Existing Pavement Equivalent Pavement
- - . 0
Rigid Pavement t = 15.0in.
Flexural strength = 650.0 psi
Clear Zero ]
Recommended PCN Codes: R/B/W 5
Saved | Layer P-501 flex P-501 flex
Data Data strength = strength =
< 650.0 psi 650.0 psi
g 10 A1
Enter Project Details Format | Save &
Chart Data 5
Examples 1)
E 151
Arpt LOC-ID ; P-401 St(azggl;;%d
joR
[
IoU 8 L]
Pavement ID
] Crushed
Rwy 5-23 % P-209 k=215.0
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Figure C-16. Detailed COMFAA Batch PCN Output — Rigid Example 2

k Value = 227.0 lbs/in"*3 (Bubgrade Category is B{EDE))
flexural strencgth = &50.0 p=i
Evaluation pawvement thickness = 15.00 in
Pasz to Traffic Cycle (PocoTC) Batio = 1.00
Maximum number of wheesls per gear = &
Maximum nuamber of gears per aircraft = 4
RBe=sults Table 1. Input Traffic Data
Gross Parcent Tire Annual z20-yr 5L
MNo. Aircraft Name Weight Gross Wt Press Leps Coverages Thick
1 A300-E4 STD 264,747 2400 z2le.1 1,500 8,217 13.24
2 A3Z12-100 std 141,978 2Z.60 172.6 1,200 5,443 11.54
3 BYI7-300 140,000 92086 zol.0 5,000 31,003 13.592
4 EBE747-400 277,000 23_3Z Z0o.0 1,000 E,73E 13. 44
& EBY&7-z00 ER 396,000 2082 120.0 z,000 1ad,907 12.80
& BY77-z00 ER &L57,000 21.80 Z0&.0 1,000 4, 861 11.98
7 DCB-52 330,000 96 1F 19&.0 2,000 17,231 13.61
Re=zults Table 2. PCHN Values
Critical Thickness Maximan ACH Thick at
Ajrcraft Total for Total Allowable Max. Allowable PCH on
MNo. Airecraft Name Eopaiwv. Cows. Ecpaiw. Cows. Gross Weight Gross Weight CL'F B{Z3E)
1 A300-E4 STD 49 717 14.80 37E,178 13.42 0.1311 £E3.8
2 A3Z12-100 =std z80,968 14.82 145,208 10.98 0.018z g1
2 B737-300 138,304 14.81 143,473 11.40 0.177s 41.3
4 E747-400 25,491 14.72 236,164 14.05 0.1784 &4.9
5 EBY&7-z00 ER 124,753 14.81 403,882 1z .84 0.0633 £E3.4
& BY??-z00 ER 159,887 14.81 570,392 14.13 0.0z4l1 65,7
7 DCE-63 70,626 14.80 336,337 1z.02 0.194Z EE.0
Total CDF = 0.7931
Besults Table 3. Bigid ACN at Indicated Gross Weight and Strength
No. Aircraft Name Gross ¥ G on Tire ACH ACH on
Weight Main Gear Pressure Thick B{Z35)
1 A300-EB4 STD 4,747 2400 zle. 1 13.24 57,1
2 A3Z1%-100 std 141,978 Q2zZ.60 172 . & 10,54 27,1
2 B7?37-300 140,000 20.86 Z01.0 11.2& 40.1
4 B747-400 877,000 23,32 zZO00.0 13.85 63.0
L B?57-2Z00 ER 396,000 Q0,82 120.0 1Z.67 £5l.2
& B?Y7-200 ER &L57,000 21.80 Z05.0 13,92 3.6
7 DCE-63 330,000 2612 136.0 1Z.54 E3.4

c.8.2.2 Figure C-16 shows the detailed results from COMFAA. In this case it is
seen that the pavement has sufficient strength to support the traffic mix.
Results Table 1 (top portion of Figure C-16) shows the required thickness
for each aircraft according to the FAA Westergaard method for a concrete
pavement with subgrade k-value of 287 pci. Note that the individual
thickness requirements for all aircraft are less than the evaluation pavement
thickness of 15.0 inches. Since thickness required for individual aircraft are
all less than the evaluation thickness the pavement should have sufficient
capacity to accommodate the entire fleet. However, the results from the
cumulative damage factor (CDF) procedure are needed for confirmation.
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Results Table 2 (middle portion of Figure C-16) shows the results of the
detailed method based on the CDF procedure that allows the calculation of
the combined effect of multiple aircraft in the traffic mix. Each aircraft in
turn is treated as the critical aircraft. For each aircraft, the CDF analysis
calculates a maximum allowable gross weight, equivalent coverage level,
and corresponding thickness at the evaluation thickness (15.0 in.) and
support conditions (287 pci). The total CDF is less than 1 (0.7931) in this
case, indicating that there is adequate strength to handle the forecast traffic.
The PCN for this pavement can be reported as the highest PCN in the PCN
column. Based on the information in Figure C-16, the airport may report a
PCN of 66/R/B/W/T. Note that the W code should be used for the tire
pressure category because this is a rigid pavement.

Values in Results Table 3 are identical to the corresponding values in
Results Table 3 for Example 1. This is because the operating aircraft load
data are the same in both examples. All aircraft in the traffic mix have
ACN:Ss at their operating weights less than the reported PCN, hence no
operating restrictions are needed.

The following notes apply when total CDF < 1.:

1. For all aircraft, the thickness for total equivalent coverages (Results
Table 2, Column 3) will be the less than the COMFAA evaluation
thickness.

2. All maximum allowable gross weights in Results Table 2 will be
greater than the corresponding COMFAA input gross weights in
Results Table 1 and the ACN weights in Results Table 3.

3. At least one of the PCN values in Results Table 2 will be greater than
all ACN values in Results Table 3.

C.8.3 Rigid Pavement Example 3.

C.831

C.8.3.2

This example is the same as Example 2, except that the taxiway has a
central configuration rather than parallel, such as that shown in Figure A-
1b. Itis still assumed that additional fuel is obtained before departure.
Referring to Table C-9, the P/TC ratio changes from 1 to 2. The change
results in double the number of coverages for each aircraft in the traffic mix
as shown in Results Table 1 of Figure C-17. As expected, the required total
pavement thickness for each aircraft in the traffic mix has increased. Note
that the thickness requirements for several traffic aircraft are within about
an inch of the evaluation pavement thickness (15.0 in), indicating that the
pavement strength may be inadequate for the increased number of
coverages.

Column 3 of Results Table 2 shows that each aircraft requires a thickness
greater than the evaluation thickness when using the CDF method. It is
apparent the pavement is not adequate to accommodate double the
coverages of the existing traffic. As expected, changing the taxiway system
from parallel to central has lowered the PCN of the pavement. The airport
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may report 60/R/B/W/T. The ACN of two aircraft exceed the pavement
PCN and the airport should plan for a pavement strengthening project or
consider placing restrictions on those aircraft. The net effect of the change
in taxiway configuration from that of Example 2 is the reduction in PCN
by 6.

C.8.3.3  Asan alternate way of looking at the effect of a parallel versus central
taxiway effects, consider how the pavement life would change instead of
the PCN. If the reported PCN from this example were to remain at
66/R/B/WIT, then the pavement life would be reduced by 50%. This is due
to the change in the P/TC ratio, which effectively doubled the number of
loadings. A similar effect would be noticed if fuel was not obtained at the
airport. With a P/TC ratio of 3, the PCN is reduced further and the
pavement life would be one-third the pavement life of the pavement with
the original traffic assumptions given for example 2.
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Figure C-17. Detailed COMFAA Batch PCN Output — Rigid Example 3

E Walue = 287.0 lbs/fin"3 (Subgrade Category is B{Z95))
flexural strength = 650.0 p=i
Evaluation pawvement thickness = 15.00 in
Pass to Traffic Cyocle (PEoTC) Ratio = 2.00
Maximum ruamber of wheels per gear = &
Maxiwuam nuamber of gears per aircraft = 4
Fesults Table 1. Input Traffic Data
Gross Parcent Tire Anruaal z0-vr 5L
MNo. Aircraft Name Weight Gross Tt Press Leps Coverages Thick
1 Az00-E4 =STD 264,747 9400 Ele. 1l 1,500 16,424 13.584
g AZ192-100 =td 141,978 S9Z.50 17E. & 1,Z00 12,888 1Z.39
3 EB737-300 140,000 20.86 Z0l.0 &,000 gZ,007 14.15
4 B747-400 |77,.000 93_3Z2 zZ0o.0 1,000 11,470 14.07
L EBTE?-Z00 ER 396,000 S0.8E 120.0 z,000 z1,81%3 13,37
& EB7T77-Z00 ER &E57,000 =1.80 Z0E.0 1,000 2,722 1Z.54
7 DCE-63 330,000 2&6.1%F 12&.0 3,000 34,581 14.20
Pesults Table EZ. PCH Walues
Critical Thickness Maximuam ACH Thick at
Aircraft Total for Total Allowable Max. Allowable PCH on
MNo. Aircraft Name Eqpaiv. Cows. Equiv. Cowvs. Gross Weight Gross Weight CD'F B{Z3L)
1 Az00-E4 =STD 29,435 15.40 350, res 12.91 O.Z62E E4.0
g AZ192-100 =td Lgl, 927 15. 36 1zE,508 10,57 0.0354 3.1
3 EB737-300 276,609 15.38 133,328 10.595 0.355¢& 7.9
4 EB747-400 50,9832 15. 42 241,127 13,48 0.355%9 Ea.3
L EBTE?-Z00 ER 249,506 15.38 280,288 1Z.34 0.1387 49.1
& EB7T77-Z00 ER 213,773 15.38 E3E,0Z7 13.5Z2 0.048Z E3.7
7 DCE-563 141,252 15.3%9 316,787 12,50 0.3883 E0. 4
Total CDF = 1.58632
Fesults Table 3. BRigid ACN at Indicated Gross Weight and Strength
No. Aircraft HName Gross % G on Tire ACH ACHN on
WMeight Main Gear Pressure Thick EB{Z35)
1 A300-E4 ZTD 2G4, 747 24.00 z216.1 13.24 57,1
Z AZ12-100 std 141,378 2Z.60 17Z. 68 10.54 37,1
3 B737-300 140,000 20.86 z01.0 11.25 40.1
4 B747-400 a77,.000 23,32 zoo.no 13.85 53,0
L BY&7-200 ER 296,000 Q0,82 l20.0 1Z.67 £1.%9
& BY77-z00 ER &57,000 21.80 Z0&.0 13.92 53,6
7 DCE-532 230,000 26,12 12&.0 12.584 3.4

C.8.4 Riqgid Pavement Example 4 (Total CDF<<1).

c84.1 This example demonstrates a consistent method of reporting PCN for rigid
pavements that are extremely strong with respect to the input traffic. This
situation may arise, for example, where an existing rigid pavement is given
a HMA overlay for non-structural reasons. Assume that the rigid pavement
in Example 1 receives a 5-in P-401 HMA overlay. Using the Rigid PCN tab
of the COMFAA Support Spreadsheet (Figure C-18), the evaluation
thickness is 16.5 inches versus 14.5 inches prior to the overlay. The traffic
for this example is given in Table C-7, and all other input values are as in
Example 1.
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Table C-8. Input Traffic Data for Rigid Example 4
No. Aircraft Name Gross Percent GW Tire Annual
Weight, Ibs. on Main Pressure, psi | Departures
Gear

1 A300-B4 STD 364,747 94.00 216.1 400

2 A319-100 STD 141,978 92.60 172.6 300

3 B737-300 140,000 90.86 201.0 1,500

4 B747-400 877,000 93.32 200.0 200

5 B767-200 ER 396,000 90.82 190.0 500

6 B777-200 ER 657,000 91.80 205.0 320

7 DC8-63 330,000 96.12 196.0 750
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Figure C-18. Screen Shot of Rigid PCN Tab in COMFAA Support Spreadsheet for
Computing Equivalent Pavement Structure in Rigid Example 4

Ref. AC 150/5335-5B Appendix A-2 Rigid
Pavement Structure Iltems

Existing Rigid
Pavement Layers

Figure A2-7

P-401 Overlay(s)

Rigid Pavement Thickness

ThirdPoint Flexural Strength

P-501

Flexural strength

Figure A2-6, default maximum k-value =

P-401 and/or P-403

Combined Top and Bottom Figure A2-5.

500 Ib/in”3. (135.7 MN/m”~3) OR input k- P-306
value if greater.

P-304

P-209

P-208 and/or P-211

P-301

P-154

COMEAA Inputs
k-value = 287.0 Ib/in”3
Rigid Pavement t = 16.5in.

Flexural strength = 650.0 psi

Recommended PCN Codes: R/B/X

Enter Project Details

|
Subgrade k-value ;

(™ English

Examples

Zero
Layer
Data

Clear
Saved
Data

Save
Data

Format
Chart

Arpt LOC-ID

IOU

Pavement ID

Rwy 5-23

Evaluation
ENTER Existing Layer Improved\ k-
Layer Thickness Thickness value
5.0 in./25 20 Overlay to P-501,
145 in. 16.5 25t01
. Foundation k=
6500 psi Maximum k-
4.0 in. Below or Input k
r
0.0 in. 4.0 287
0.0 in.
12.0 in. 12.0 215
0.0 in.
r
0.0 in. 0.0 No Uncrushed
0.0 in.
I
100.0! Ib/in~3 3250 2817.00
Existing Pavement Equivalent Pavement
0
Overlay
5 <4
P-501 flex
2 strength =
10 650.0 psi
3 P-501 flex
£ strength =
2 650.0 psi
g 15 1
<
a Stabilized
8 k=287.0
20 1
P-401
25 1
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Figure C-19. Detailed COMFAA Batch PCN Output — Rigid Example 4 (unadjusted)

kE Walue = EE87.0 lbs/in"3 {(Subgrade Category is B{235))
flexural strength = g&50.0 psi
Evaluation pavement thickness = l&. 50 in
Paszs to Traffic Cycle (PtoTC) Ratio = 1.00
Maximum numher of wheels per gear = &
Marximam rmamber of gears per aircraft = 4
Fesults Table 1. Input Traffic Data
Gross Parcent Tire Arnral z0-vr &0
MNo. Aircraft Name Weight Gross o Press Deps=s Coverages Thick
1 A300-BE4 2TD 264,747 24,00 216.1 400 2,191 1z.48
Z  A3Z12-100 std 141,972 2Z.60 17E.6 200 1,611 11.24
3 EB737-300 140,000 20.86 z01.0 1,500 7,761 1z .45
4 EB747-400 277,000 29332 Z00.0 zZ00 1,147 1z2.72
E EY&7-z00 ER 396,000 290.82 130.0 500 2,7TE7 11.323
& EBY??-zZ00 ER 57,000 2921.80 Z0Ek.0 2Z0 1,586 11.57
7 DC&-632 330,000 298,12 13&.0 7LD 4, 323 1z.45
Fesults Table Z. PCH Values
Critical Thickness Maximam ACH Thick at
Aircraft Total for Total Allowahkle Max. Allowable PCH on
No. Aircraft Name Ecuiv. Cowvs. Ecuiv. Cows. Gross Weight Gross TWeight CDF B (235}
1 A300-E4 3TD 11,697 13.54 437,831 16.08 0.0062 86.6
£ A3Z12-100 std 78,605 13.81 198,394 13.03 0. ooov? 55,1
3z EB737-300 26,045 13.71 127,544 13.61 0.0071 &60. &
4 EB747-400 L,&1l0 13.42 1,20z, 217 17.10 0.0o0s5g Q9.3
E EBY&7-Z00 ER 2Z,180 13.69 EZ7,343 15.33 0.00zs 78,3
& EBY?7-z00 ER 4z 273 13.73 857,882 17.04 0.001z 25.6
7 DCE-52 17,210 12.80 441,572 15.E9 o.oogz 21.3
Total CDF = 0.0331
Fesults Table 2. Rigid ACH at Indicated Gross Weight and Strength
MNo. Aircraft Name Gross ¥ G on Tire ACH ALCH on
Weight Main Gear Fressure Thick E(Z35)
1 Az00-B4 ETD 264,747 2400 zZ16.1 13,24 E7.1
Z A313-100 std 141,978 Q.60 172.6 10. 84 37.1
3 B?37-300 140,000 0. 86 zZ0ol.0 11. 25 40.1
4 B747-400 277,000 QA3.32 zZ00.0 13.85 &3.0
E B757-200 ER 396,000 0. 82 120.0 1z.67 £l.5
& B7?77-2Z00 ER &L57,.000 2l.80 Z0E.0 13. 32 E3.6
7 DCE-E3 330,000 256,12 12&.0 1z.84 L3.4

C.8.4.2 Figure C-19 shows the COMFAA output when PCN is computed using the
evaluation thickness 16.5 in. and P/TC=1. For the overlaid pavement
subject to the forecast traffic, total CDF is much less than 1 (total CDF=
0.0331), indicating that the 20-year traffic mix causes insignificant damage
to the pavement. Similarly, the largest value of thickness for total equivalent
coverages in Results Table 2 is much less than the COMFAA evaluation
thickness at the evaluation k-value. Hence, it may be necessary to use an
unrealistic allowable gross weight for the critical aircraft to compute PCN.
Using the regular COMFAA procedure without adjustment, the airport
could report PCN=99/R/B/X/T for this pavement. However, this PCN is
based on an unrealistically high allowable gross weight for the B747-400
(1,202,217 Ibs.).
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The regular COMFAA procedure given in section 2.3 is most suitable when
the total CDF > 0.15. When the procedure results in CDF < 0.15, as in this
example, the FAA recommends adjusting the input traffic such that the
PCN is reported for a total CDF = 0.150. Rather than modifying the
COMFAA external aircraft file, the P/TC ratio can be used to obtain total
CDF=0.150 as follows.

1. Perform a PCN Rigid Batch operation using the appropriate P/TC ratio
based on the criteria in Appendix A.

Note the value of Total CDF in Results Table 2.

Multiply the original value of P/TC ratio by the factor 0.15/Total CDF,
where Total CDF is taken from Step 2.

4. Enter the new value of P/TC ratio in the P/TC field in COMFAA.

Repeat the PCN Rigid Batch operation with the new value of P/TC
ratio. This will result in a new Total CDF equal to or close to 0.15.

6. Note that the maximum value of P/TC ratio allowed in COMFAA is 10.
This should be sufficient in most cases. However, if the value computed
in Step 3 exceeds 10, increasing the annual departures of all input
aircraft by a factor of 10 and repeating steps 1 through 5 will generally
result in Total CDF=0.150.

Figure C-20 shows a re-analysis of the overlaid pavement using an adjusted
value of the P/TC ratio equal to 1 x 0.15/0.0331 = 4.532. As indicated in
Results Table 2, the adjusted Total CDF = 0.15. The airport can report
PCN=83/R/B/XI/T or 83/R/B/WIT at Total CDF=0.150, based on a more
reasonable maximum allowable gross weight of the B777-200 ER. Results
Table 3 shows that all aircraft in the existing mix operate at ACNs much
lower than the reported PCN. There is no need to report a PCN higher

than 83.

C-42



08/14/14 AC 150/5335-5C
Appendix C

Figure C-20. Detailed COMFAA Batch PCN Output — Rigid Example 4 (with adjustment
to P/TC ratio to force Total CDF = 0.15)

k Walue 287.0 lb=s/in"2 (Subgrade Category is BI{Z395))
flexural strength = &50.0 ps=si
Evaluation pawvemnent thickness = 1l&.50 in
Pasz to Traffic Cycle (PocoTC) Ratioco = 4,53 (hon-standard)

Maximum rmuambher of wheesls per gear = &
Maxioum mamber of gears per aircraft = 4

Pesults Table 1. Input Traffic Data

Gross Percent Tire Anmtnaal Z0-vr &L
No. Aircraft MName Weight Gross Wo Pra=ss Deps Coverages Thick
1l AZ00-EB4 STD 264,747 24,00 Zle.1 400 9,930 1340
Z A3Z15-100 std 141,978 B2E.&0 17Z.6 z00 7,200 11.34
3 EB737-300 140,000 20.86 zol.0 1,500 36,127 1369
4  B747-400 277,000 9332 Zoo.o Z0o E.l92g 13,36
£ B7&7-EZ00 ER 23¢,000 20,82 la0.0 Eoo 12,357 1Z.30
& B777-EZ00 ER &E7,000 321._80 zos.0 3E0 7,080 12 _E7
7 DCB-63 330,000 26,12 13&.0 7E0 19,550 13.71

Results Table 2. PCHN Walues

Critical Thickne=ss Mazxrimam ACH Thick at

Aircraft Total for Total Allowable Max. Allowable PCH on

No. Aircraft MName Ecuiwvw. Cowvs. Ecuiv. Cowvs. Gross Weight Gross Weight CLF E{Z35)
1 A300-EB4 STD £3,01% 14.8% 47F, 581 14.80 0O_0zgl 705
Z  A3Z12-100 =td L6, 237 15.00 163,542 11.55 0.0031 487
3 B737-300 163,386 14.95 168,242 12 .44 0.0323 43.9
4 EB747-400 ZL, 424 14.792 1,044 448 15,56 o.0307 ao.9
5 EBY&7-Z00 ER 145,838 14.594 453,631 13.98 0_01z7 [
& EBY7?7-z00 ER 121,606 14.95 77,114 15.72 0_.005E 827
7 DCB-52 77,997 14.89 286,748 14.27 o.0377? g7.1

Total CDF = 0_1E501

Pesults Table 3. Bigid ACH at Indicated Gross Weight and Strength

No. Aircraft MName Gross ¥ G on Tire ACH ACHN on
WMeight Main Gear Pressure Thirck EBi{Z9E5)

1 A300-EB4 STD 264,747 2400 2161 1324 E7.1
Z AZ1%-100 std 141,378 2z.60 1726 10.54 7.1
2 BR?3T-300 140,000 Q0. 86 z01.0 11. 25 40.1
4 B747-400 a77,.000 Q3.3 z00.0 1385 £3.0
5 B7E7-200 ER 296,000 0. 82 120.0 1267 El.2
& B?77-200 ER &L57, 000 91.80 205.0 13.92 £3.6
7 DCE-g83 230,000 26,12 12&.0 1Z.584 E3.4
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APPENDIX D. PAVEMENT OVERLOAD EVALUATION BY THE ACN-PCN SYSTEM

D.1 ICAO Pavement Overload Evaluation Guidance.

D.1.1 Inthe life of a pavement, it is possible that either the current or the future traffic will
load the pavement in such a manner that the assigned pavement rating is exceeded.
ICAO provides a simplified method to account for minor pavement overloading in
which the overloading may be adjusted by applying a fixed percentage to the existing
PCN.

D.1.2 The ICAOQ procedure for overload operations is based on minor or limited traffic having
ACNs that exceed the reported PCN. Loads that are larger than the defined PCN will
shorten the pavement design life, while smaller loads will use up the life at a reduced
rate. With the exception of massive overloading, pavements do not suddenly or
catastrophically fail. As a result, occasional minor overloading is acceptable with only
limited loss of pavement life expectancy and relatively small acceleration of pavement
deterioration.

D.1.3 The following guidelines are recommended when evaluating overloads:

e For flexible pavements, occasional traffic cycles by aircraft with an ACN not
exceeding 10 percent above the reported PCN should not adversely affect the
pavement. For example, a pavement with PCN=60 can support some limited traffic
of aircraft with ACN=66.

e For rigid or composite pavements, occasional traffic cycles by aircraft with an ACN
not exceeding 5 percent above the reported PCN should not adversely affect the
pavement. For example, a pavement with PCN=60 can support some limited traffic
of aircraft with ACN=63.

e The annual number of overload traffic cycles should not exceed approximately 5
percent of the total annual aircraft traffic cycles. There is no exact guidance for
choosing a number of operations that represents 5 percent. For consistency, the
FAA recommends using 500 coverages of aircraft with ACN=1.1xPCN for flexible
pavements ACN=1.05xPCN for rigid pavements. The PCN is 10,000 coverages of
an aircraft with a derived ACN=PCN when CDF=1, five percent of this total
equivalent operations is 500 coverages.

e Overloads should not normally be permitted on pavements already exhibiting signs
of distress, during periods of thaw following frost penetration, or when the strength
of the pavement or its subgrade could be weakened by water.

e When overload operations are conducted, the airport owner should regularly inspect
the pavement condition. Periodically the airport owner should review the criteria
for overload operations. Excessive repetition of overloads can cause in a significant
reduction in pavement life or accelerate when a pavement will require a major
rehabilitation.
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D.1.4 These criteria provide consistent, repeatable process the airport owner can use to
monitor the impact of these overload operations on the pavement in terms of pavement
life reduction or increased maintenance requirements. This appendix discusses methods
for making overload allowances for both flexible and rigid pavements that will clearly
indicate these effects and will give the authority the ability to determine the impact both
economically and in terms of pavement life.

D.2 Overload Guidance.

D.2.1 The overload evaluation guidance in this appendix applies primarily to flexible and
rigid pavements that have PCN values that were established by the technical method.
Pavements that have ratings determined by the using aircraft method can use the
overload guidelines provided very frequent pavement inspection procedures are
followed. The procedures presented here rely on the COMFAA program.

D.2.2  The adjustments for pavement overloads start with the assumption that some of the
aircraft in the traffic mix have ACNs that exceed the PCN. If the steps outlined in
Appendix C have been followed for the technical method, then most of the necessary
data already exists to perform an examination of overloading.

D.2.3  The recommended PCN is not adequate for the traffic mix when the Total CDF>1.
Airports have three options when evaluating what pavement strength rating to publish:

1. Letthe PCN remain as derived from the technical evaluation method, but retain
local knowledge that there are some aircraft in the traffic mix that can be allowed to
operate with ACNs that exceed the published PCN or at a reduced weight to not
exceed the PCN.

2. Provide for an increased PCN by adding an overlay or by reconstruction to
accommodate aircraft with higher ACNS.

3. Adjust the PCN upward to that of the aircraft with the highest ACN, but recognize
the need to expect possible severe maintenance. This will result in earlier and
increased costs for reconstruction or overlay projects.

D.3 Adjustments for Flexible Pavement Overloads.

D.3.1  First Option.
The first option requires that the airport owner is constantly aware of the composition of
the entire traffic mix in terms of operating gross weights and loading frequency. If the
traffic mix has changes that affect the factors involved in developing a technically based
PCN, then the PCN will need to be adjusted to reflect the changes. The airport
authority will also have to internally make allowance for or prevent aircraft operations
that exceed the PCN. A consistent method to determine when aircraft ACN and
frequency exceed allowable overloads is presented in the following paragraphs.
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For flexible pavement example Total CDF>1. The B-747-400 has the
highest CDF-PCN combination. The traffic aircraft with the highest CDF-
PCN combination is the basis for overload analysis. The PCN=68.9 and the
traffic mix is equivalent to 10,000 coverages of a B747-400 with a gross
weight, MGW=847,310 Ibs. on a 37.8 in. pavement with CBR = 6. Aircraft
with PCN=(1.1x68,9)=75.8 can operate at 500 coverages total with minimal
impact on the load carrying capacity. The gross weight of a B747-400 at
ACN=75.8 is the MGW from COMFAA using 10,000 coverages, 39.65 in.,
and CBR=6.

Figure D-1. CDF-PCN Results for the B-747-100 — Flexible Pavement Overload

Option One
Hasul Tabhle Z. PCH Val 9P I N Y IIII:_II-
Maximm  ACH Thick m 4 ’ANRANRYE! 39.65=t ACN=75.80
Allowable Hax. Allowable PCH on .5 37.80=t ACN=68.90 4 — CBR ,,"
Gross Weight  Gross Weight CoF ] + EE ra + s J_,"
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn - -
3EE,ZE2 35,31 0. 2454 50, 1 - [ ,_a"'r - C
133,771 Z£27.1%9 [Tl 35,7 C —
137 402 23,03 0. 0021 37. 59
247,310 37.820 07073 —}EE.S‘ = =
389 270 3481 b, 1834 £7.8 S =
w45 08T 37.0L [ 3 F1 66,1
322,545 34,27 0,238 56,6 o o
Tomal CDF = 1.639Z
Total CDF>1 032 34 36 36 4042 44 4648 50 52 54 560 34 36 36 4042 44 4648 50 52 5456 4
D.3.1.2 COMFAA MGW results at 39.65 in., CBR=6 for the B747-400 traffic

aircraft is MGW=901,739 Ibs. COMFAA Batch ACN results confirm that
increasing MGW from 847,310 Ibs. to 901,739 Ibs. increases ACN 10
percent.

Figure D-2. COMFAA Batch ACN Results — Flexible Pavement Overload Option One

CER = &.00

Evalustion pavement thickness = 39,65 in

Iesults Table: Hawximuwm Allowvable Gross Weight Computations, Units = Imperial.

Ho., Aidrcraift Hame Cross £ CW om Tira ACH at Indicataed Coda
Weight Hain Gear Prassure AllLS) EI{lD) Ci&E) i3}
1L B747-400arig 547,310 F3.32 Z00.0 S51.0 56. 5 6F.3 0.1
Z BR47-400 901,739 93,32 Z00.0 5E.2 &l 475.9 97.7

Gross Percent Tire Annal ] 20-¥r Hax. Allowable
Ho. Adircraft Name Weight Gross Wo Preass Daps Thick Coverages Cross Weight
1 EBE747=400crig 247,210 92.32 Z0D.0 gE7 37.820 10,000 a1, 729
Flexible ACH at Indicated Grossz Weight and Strength. Units = lng'lism q‘




08/14/14 AC 150/5335-5C
Appendix D

D.3.1.3 COMFAA PCN results with 500 coverages of the aircraft with 10 percent
higher ACN confirms minor impact on this flexible pavement. However,
the PCN=74.8, which is less than ACN=75.8. Overloads are occurring at
the input traffic gross weight and frequency.

Figure D-3. COMFAA Batch PCN Results — Flexible Pavement Overload Option One

CER = £.00 Subgrade Category is C{&), Thickness = 37.80 in
Results Table 1. Input Traific Data
Gross FPercent Tire Armnaal Z0-yr el

Ha. Airerafe Nang Weight GCGross We Prezs Dep=E Coverages Thick

1 B747=400ocrig 847,310 93.32 200.0 287 10,000 37.80

& B747-400 01,739 93.32 Z00.0 a3 SO0 30. &2

Pesults Table 2. PCH Values

Cricical Thicknessg Haximum ACHN Thick at
Alrcraft Totml for Total Allowable Max. Allowvablae PCH on
HNo. Aircrafr Hame Equiv. Covs. Equiv. Cows. Gross Weight Gross Weight CD'F Ci&)
L B747-400crig 11,022 ag.02 240,892 27.88 o.33g0 62,1
Z B747-400 5,350 38.0& 833, 804 39.38 0.10Z0 %?4.3
Total CDF>1 Toval coF = 1.1000

D.3.2 Second Option.

The second option alleviates the problems discussed for the first option, but it does
require additional expense to bring the pavement up to the strength required by the
combination of aircraft in the traffic mix. The two inch overlay increases the PCN from
68.9 to 96.9, providing added pavement strength allows operations at current levels and
weights until the overlay project is programmed.

Figure D-4. COMFAA PCN Results — Flexible Pavement Overload Option Two

Existing Equivalent
0 Tr—— CER B 8,00 (Subgrade Cacegory is C{S})
|
Flexible Layer ;g?i’;“‘a"tf‘tg- [ A Evalusrion pavement thickness = 36.40 in
| Layers Thick Eﬁ%—og{j?w% b
P43 7 .;'“M:J_;:“" El-ut Results Table 2. PCH Valuss
1 05 0 et Critical HMaximuan ACH Thick at
P 00 Bt hircrafe Tot hllowable Max. Allowable BCH on
P34 40 i JEEEanpals rirerafe Bauiv. Cows. Gross Weight Gross Weight CDF  C(g)
P.209 6051"’- AZ00=-Bd 264,870 406,512 35,00 0.0022 73.%
ees g e A319-100 =5,000,000 146,714 z&.0%  0.0000 37.%
P28 g £ y Subbase  po39-300 =5,000,000 147,191 25,27  0.0000 41.3
g E747-400 12,676 1,060,338 44.83  0.0321 96.9
P31 o E“: B767-200 1,036,028 421,220 27,67 0.0007 GE.4
> ] Fungrmes E777-200 =§,000,000 g0, 776 37.72  0.0000 &5.&
150 { LcErEo DCE-63 Z,881,679 354,747 I6.67 0.0004 64.9
} 1 “ubgrade Total CDF = 0.0355
cBR. 8.0 “7 LBRED Total CDF<<1
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The third option has the benefit of allowing all aircraft in the traffic mix to operate as
necessary. However, by increasing the PCN, which only implies higher pavement

Figure D-5. CDF-PCN Results — Flexible
Pavement Overload Option Three

strength, the pavement life will be reduced by an
estimated 40 percent.

COMFAA can be used to analyze the
sensitivity of the traffic characteristics on
the pavement. In the example the Total
CDF=1.6392 for input traffic and Total
CDF=1.10 at overload level. Setting P/TC
ratio to 1.10/1.6392 shows how limiting the
CDF to 1.1. reduces the Annual Departures.

Besults Table 1. Total CDF
Input Traffic Data 16392 1.1001
Gross  Annaal  Anmaal
Ho Adrcraft Name Weight Deps Leps
1  AZ00-B4 BTD 264,747 1,500 1,007
£ A3l5=100 setd 141,572 1,200 08
2 E737=300 140,000 &, 000 4,026
4 E747-400 g77,.000 1,000 &71
£ EB787-200 ER 396, 000 2,000 1,342
& EB7T7-200 ER 657,000 1,000 E71
7 DC8-63 330,000 3,000 Z,.00z
D4 Adjustments for Rigid Pavement Overloads.
D.4.1  First Option.

The first option requires that the airport authority be constantly aware of the
composition of the entire traffic mix in terms of operating gross weights and loading
frequency. If the traffic mix has changes that affect the factors involved in developing a
technically based PCN, then the PCN will need to be adjusted to reflect the changes.
The airport authority will also have to internally make allowance for or prevent aircraft
operations that exceed the PCN. A consistent method to determine when aircraft ACN
and frequency exceed allowable overloads is presented in the following paragraphs.

D411 For rigid pavement example Total CDF>1. The B-747-400 has the highest
CDF-PCN combination. The traffic aircraft with the highest CDF-PCN
combination is the basis for overload analysis. The PCN=59.4 and the
traffic mix is equivalent to 10,000 coverages of a B747-400 with a gross
weight, MGW=841,758 Ibs. on a 13.49 in. pavement with k-value=295 pci.
Aircraft with PCN=(1.05x59.4)=62.4 can operate at 500 coverages total
with minimal impact on the load carrying capacity. The gross weight of a
B747-400 at ACN=62.4 is the MGW from COMFAA using 10,000
coverages, 13.49 in., and k-value=295 pci.

D-5
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Figure D-6. CDF-PCN Results for the B-747-400 — Rigid Pavement Overload Option One

Parules Table 2. DCN Values Tﬂ: P P 1 7
dieedbin,  Haw. Eiliswdbi beN :/ pd L L :
rss Vg Grors kg 512 ﬁﬂi&ﬂcum-ﬁ,m&ﬁn in. | ABJACN=025,213.80 In.
351,047 1z.se oasee s |83 P : __,.-"/ K
135,813 10.58  0.0362 352 7 k -
outss s ossessiine |40 295 295
81,236 12,36 0. 1401 49.2 ._'. [B}
g3, 307 13,83 00481 £3.4 ] [E:‘
817,177 12,50 0,378 so.s [303 — 1 . 1. 1.1 — 1 1. .1
Toeal CDF = 1. 5402 1 L LB L L L L L L | L L 1
Total CDF>1 14 15 16 17 14 15 16 17

D.4.1.2 COMFAA MGW results at 13.8 in., and k-value=295 pci for the B747-400
traffic aircraft is MGW=871,000 Ibs. COMFAA Batch ACN results
confirm that increasing MGW from 841,758 Ibs. to 871,000 Ibs. increases
ACN 5 percent.

Figure D-7. COMFAA Batch ACN Results — Rigid Pavement Overload Option One

k Walue = Z35.0 lbs/in"3
flexural strength = &650.0 psi
Evaluation pawvement thickness = 13.7% in

Haxiwum Allowable Gross Weight Computations, Units = Imperial.

Gross Percent Tire Anrmal &0 Z0-yr Hax. Allowable
Aireraft Name Weight Gross Wt Press Deps Thick Coverages Gross Weight
ET47-400 ac 1l05pet 871,700 33.32 Z00.0 1,743 1z.7%9 10,000 9- 271,800

Bigid ACH at Indicated Gross Weight and Strength. Tnits = English.
Aircrafe Name Gross ¥ G om Tire ACH at Indicated Code
Weight Main Gear Pressure A(L5Z) B(Z95) C{147) D{74})

ET47-400 ac 105pct 871,800 33.32 Z00.0 52.% 2.4 4.0 a4 .6
ET47-400 ar 12 4%in 841,758 93.32 Z00.0 49 959.4 0.5 an.7
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COMFAA PCN results with 500 coverages of the aircraft with 5 percent

higher ACN confirms minor impact on this rigid pavement. However, the
PCN=62.0, which is less than ACN=63.6. Overloads are occurring at the
input traffic gross weight and frequency.

Figure D-8. COMFAA PCN Results — Rigid Pavement Overload Option One

Besults Table 1. Input Traffic Data
Gross Percent Tire Argmaal Z0-vx &l
Aircrafc WMeight Gross o Press Deps=s Coverages Thick
BE747-400 orig 541,758 23_3Z Z00.0 1,773 10,000 13_48
BE747-400 105pct g871,.800 293_32 z0o.0 87 Soo 1Z_Z4
Besults Table Z. PCH Values
Critical Thickness Maximuam ACHN Thick atc
Aircraft Total for Total Allowable Max. Allowable PCHN on
Aircrafc Eoquiw. Cows. Egquiv.Cows. Gross Weight Gross Weight CDF E{Z25)
BE747-400 orig 10,711 13. 54 537,343 13 44 0.2843 L5350
B747-400 105pct 7,534 13. 54 587,181 13.75 D_D?Da gz 0
Total CDF>1 Total cpF = 1.0543

Second Option.

The second option alleviates the problems discussed for the first option, but it does
require additional expense to bring the pavement up to the strength required by the
combination of aircraft in the traffic mix. The five-inch flexible overlay is converted to
an additional two inches of rigid pavement. The PCN increases from PCN=63.6 to
PCN=98.1. Providing added pavement strength allows operations at current levels and
weights until the overlay project is programmed.

Figure D-9. COMFAA PCN Results —Rigid Pavement Overload Option Two

Pavement Layers Thickness Maximun ACN Thick av
Existng Equivalent Allowable Max. Allowable PCH on
P.401 Overlayl(s emen
L2001 Overiays) 5.0 0 :"m Povement | rircrate Gross Weight Gross Weight CDF  B(295)
P.501 L S L T R
A300-B4 STD 485,122 16.00 0.0069 86.0
P
Flexural strength 650.0 swenothe | A319-100 stc 196,284 12.98 0.0007 54.6
P.401 andior P403 4.0 01 Psotfiex  6%0pu B737-300 196,092 13.54 0.0075 §9.9
o g 1 1] B747-400 > 1,192,659 17.01 0.0075%P 93.1
P.306 0.0 _.'6' " B767-200 ER B 524,383 18.27 0.0031 77.7
stabilzed | §777-200 ER 850,329 16.92 0.0014=P 97.1
P304 O-Os"’ ko210 pcs-e2 438,214 15,51 0.0091 20.4
£.209 6.0 E" ey Total CDF =  0.0362
P-208 and‘or P21 6.0 s Total CDF<<1
p————— 30 ks 145,0 Aircraft Nane Gross ¥ GV oon Tire ACN ACN on
-301 0.0 P.208 Weight Main CGear Pressure Thick B(295)
S L e
P-154 0.0 2J |g747-400 877,000 93.32 200.0 13.85 _ 63.0
Subgrade k.value 1000 % {22 B777-200 ER 657,000 91.80 205.0 13.92=P 63.6
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D.4.3 Third Option.
The third option has the benefit of allowing all aircraft in the traffic mix to operate as
necessary. However, by increasing the PCN, which only implies higher pavement
strength, the pavement life will be
Figure D-10. COMFAA PCN Results — Rigid ~ reduced by an estimated 40 percent.
Pavement Overload Option Three

k-value=281 pci, Flex Stren=650.0 psi, Thick=14.5 in| COMFAA can be used to analyze
) ) the sensitivity of the traffic
Traffic| Gross Percent Tire Annual Anmual | characteristics on the pavement.
Aircraft Weight GrossWt Press Deps Deps In the example the TOtal
A300-B4 364,747 94.00 216.1 1,500 s62 | CDF=1.5402 for input traffic and
A319-100 141,978 92.60 172.6 1,200 821 | Total CDF=1.0543 at overload
B737-300 140,000 90.86  201.0 6,000 4,107 . .
B747-400 877,000 93.32 200.0 1.000 685 level. Settlng P/TC ratio to
B767-200 396,000 90.82 190.0 2,000 1,369 | 1.0543/1.5402 shows how the
B777-200 657,000 91.80 205.0 1,000 685 | additional damage is expressed as
DCE-63 330,000 96.12 196.0 3,000 2,054 H
arsi cios cogsd.oeie| AN Annual Departure reduction.
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APPENDIX E. REPORTING CHANGES TO CERTAIN AIRPORT RUNWAY DATA
ELEMENTS

This Advisory Circular affects the following airport runway data.

E.l Allowable Gross Weight.

Aircraft weight data is reported using this AC based upon the PCN calculated for the
pavement being evaluated. With PCN there is not a “design aircraft”.

E.1.1  Source of Data.

Runway weight bearing capacity data must be submitted through the FAA Airports
Division Regional Office (RO) or FAA Airports District Office (ADO). Information is
submitted electronically to the FAA Air Traffic Aeronautical Information Services for
publication in FAA Flight Information manuals using the secure web site 5010WEB,
monitored by GCR & Associates on behalf the FAA. Currently this data base accepts
gross aircraft weight data for single wheel landing gear (S), dual wheel landing gear
(D), dual tandem landing gear (2D) and double dual tandem wheel type landing gear
(2D/2D2). All other gear types may only be reported with the PCN. Note when
reporting PCN it must be all five elements, e.g. 73/F/C/WI/T. All changes to Runway
Weight Bearing Capacity data must be submitted through the FAA. State airport
inspectors may not submit changes to Runway Weight Bearing Capacity Data directly
to Aeronautical Information Services for publication. Instead, they must submit the
data changes to the RO and ADO for validation, and in turn, the RO or ADO submits
changes to Runway Weight Bearing Capacity Data electronically to Aeronautical
Information Services using the steps enumerated above on behalf of the State Aviation
Agency.

E.1.2 Reporting Allowable Gross Weight.

The allowable gross aircraft weight for each gear configuration that may utilize the
subject runway is published on FAA Form 5010. In addition a PCN number should also
be published for each Runway at the airport. Note the PCN ‘number’ to report is the
entire PCN string of Pavement Classification Number combined with subgrade
category, tire pressure, and method of calculation. A list of PCN-based maximum
gross weights for reporting Runway Weight Bearing Capacity Data has been developed.
The listing is posted on the FAA website with this AC. Local experience can be
considered to report a lower weight, but higher weights are not recommended.

E.2 Pavement Classification Number (PCN).

E.2.1  Source of Data.

The source for Pavement Classification Number (PCN) data is the airport operator.
FAA Part 139 airport inspectors and State non-Part 139 airport inspectors are instructed
to request PCN data from the airport manager as part of the manager interview before
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an airport inspection. If the airport manager has PCN data, the inspector may accept the
data for immediate publication in flight information publications; however, if the airport
manager does not have PCN data, then the inspector has no PCN data available for
publication.

E.2.2 Reporting PCN.

For purposes of airport runway data elements generally published on FAA Form 5010,
Airport Master Record, the PCN is a number that expresses the load-carrying capacity

of a pavement based on all aircraft traffic that regularly operates on the pavement. The
PCN determined earlier (see Appendices 1 through 3) is the PCN to report.

E.3 Assigning Aircraft Gross Weight Data.

E.3.1 Tables E-1 and E-2 summarize the process used to assign allowable aircraft gross
weight. Table E-1 shows the flexible ACNs. Table E-2 shows the rigid ACNS.
Allowable gross weight is based on aircraft gear configuration as issued in FAA Order
5300.7, Standard Naming Convention for Aircraft Landing Gear Configurations
(October 6, 2005), coupled with tire pressure and wheel spacing ranges. The ACN for
these standard aircraft results in a recommended maximum gross weight for Runway
Weight Bearing Capacity. See Chapter 3 for instructions for using the COMFAA
software to determine ACN values under certain conditions. The COMFAA external
file will be posted on the FAA website.
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Table E-1. Flexible ACN Data Used to Establish Allowable Gross Weight

Results Table 3. Flexible ach at Indicated Gross weight and strength
Mo. Afrcraft Mame Gross % Gw on Tire
weight Main Gear Pressure AC1SY  BCLOD (A D30

1 s5-7.5std 7y 500 5. 00 52.5 1.4 1.9 2.5 2.8

2 s-15std 15,000 95,00 60.0 3.2 4.2 5.2 5.8

3 5-30std 30,000 G5, 00 75.0 B.O 8.4 11.3 11.8
4 5-45std 45,000 95,00 0.0 13.7 16.1 17.3 18.5

5 s-60std &0, 000 85,00 105.0 20.3 22.6 23.7 24,8

6 5-75std 75,000 5. 00 120.0 27.4 20.8 30.2 31.3

7 5-90sT 90, 000 95,00 135.0 35.1 37.2 36.9 37.8

8 s-105std 105, 000 G5, 00 150.0 42.4 43.4 43.2 44,4

9 5-120std 120,000 95,00 165.0 0.5 0.3 0.5 3l1.0
10 D-37.1% 37,500 95,00 65.0 5.5 .1 8.8 10.9
11 o-50 50,000 G5, 00 BO.O B.O 11.0 12.9 15.2
12 0-75 75,000 95,00 110.0 16.9 19.0 21.8 24,0
13 p-100 100, 000 G5, 00 140.0 25,8 27.6 30.7 32.8
14 D-12% 125,000 95,00 130.0 31.7 33.60 37.8 40,7
15 p-150 150,000 95,00 160.0 37.4 39.3 44,5 48. 5
16 D-175 175,000 G5, 00 180.0 44,0 47.1 52.5 56.8
17 p-200 200,000 95,00 200.0 1.1 4.7 60.4 63.2
18 p-224% 225,000 G5, 00 220.0 58.3 g2.1 68,3 73,5
19 0-250 250,000 95,00 240,0 63,3 09,3 8.1 8.7
20 Z2p-100 100,000 95,00 120.0 10.6 11.4% 13.9 17.4
21 2p-150 150, 000 G5, 00 140.0 18.2 20.3 24,2 20,49
22 2D-200 200,000 95,00 160.0 26,4 30.2 353.0 42,9
23 2D-250 250,000 85,00 170.0 34,1 36,2 45.4 55,45
24 2D-300 300,000 5. 00 180.0 42.3 48.4 56.0 68.1
25 2D-350 350,000 95,00 120.0 49,5 55.9 66,2 80.4
26 20400 400, 000 G5, 00 200.0 56.6 G54, G 76,2 2.4
27 2D-4150 430,000 95,00 210.0 62,3 7l.8 83.3 103.8
28 2Dp-500 500, 000 95,00 220.0 G67.3 75.4 9.2 113.8
29 2D-550 550, 000 G5, 00 230.0 70,0 79,3 G6.1 121.8
30 2D/202-40 640,000 95,00 210.0 36.6 39.6 46,2 63.1
31 2p/202-50 BOO, 000 G5, 00 220.0 48. 5 53.7 84,9 B5.4
32 2D/2D2-80 S9a0, 000 95,00 230.0 2.2 09.4 83.9 108.5
33 2p/202-70 1,120,000 95,00 240.0 FELT 87.4 1o08.4 131.1
34 3040 480, 000 G5, 00 210.0 34,2 E 44 .4 2.9
35 3p-50 G600, 000 95,00 220.0 46.4 51.2 62.4 87.4
36 ID-60 720,000 G5, 00 230.0 a60.1 66,8 Bz.1 113.1
37 30-70 840,000 95,00 240,0 4.6 83,7 1053.9 138.9
38 20/302-40w 800,000 36.75 210.0 32.7 34.5 38.7 51.3
30 2D/3502-50wW 1,000,000 36.75 220.0 43.0 46.0 52.5 2.1
40 2D/3D2-60w 1,200,000 36.75 230.0 4.1 8.6 658.4 893.5
41 20/302-70wW 1,400,000 36.75 240.0 65,46 2.2 8a6.7 115.4
42 2p/302-40B 8O0, 000 55.75 210.0 30.8 33.1 38.0 52.0
43 2D/3D2-50B 1,000,000 55,75 220.0 41.0 44,7 52.5 4.1
44 2p/302-60B 1,200,000 55.75 230.0 52.5 57.4 60,0 7.4
45 20/302-70B 1,400,000 35,74 240.,0 63,3 1.7 87.7 121.8
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Table E-2. Rigid ACN Data Used to Establish Allowable Gross Weight

Results Table 3. rigid ACN at Indicated Gross weight and sStrength
Mo. aircraft wMame GEross % Gw o on Tire
weight Main Gear Pressure A(S520 BC295) C(147) DC747)

1 5-7.5std 7y 500 G5, 00 52.5 2.1 2.2 2.3 2.2

2 s-15std 15,000 95,00 &60.0 4.3 4.5 4.7 4.8

3 5-30std 30,000 95,00 F3.0 9.3 9.7 10.0 10.2
4 s-45std 45,000 95,00 0.0 14.49 15.4 15.8 16.1

5 s-60std a0, 000 95,00 105.0 21.1 2l.6 22,1 22.4

6§ 5-7astd 75,000 95,00 120.0 277 28.2 28.7 20,0

7 5-80st S0, 000 95,00 135.0 EL 33.2 33.8 33.9

8 s-105std 105,000 G5, 00 150.0 42,2 42.6 42,9 43.1

& 5-120=td 120,000 95,00 165.0 0.0 0.2 0.4 30. 4
1 D-37.45 37,500 G5, 00 5.0 7.3 .1 5.0 8.9
11 C-50 50,000 95,00 80.0 11.0 12.1 15.0 13.8
12 D-75 75,000 G5, 00 110.0 15.4 20.8 22.0 23.0
13 p-100 100, 000 95,00 140.0 28.7 30.3 31.7 32.8
14 Dp-125 125,000 G5, 00 150.0 35.1 37.1 39.0 40.4
15 Dp-150 150,000 95,00 160.0 41.3 43,8 46,1 47.9
16 D-175 175,000 G5, 00 180.0 45,8 52.6 55.1 57.1
17 p-200 200,000 95,00 200.0 58.6 6l.5 6.2 66.4
18 D-225 225,000 G5, 00 220.0 a7.4 70,6 73.4 F5.8
19 p-250 250,000 95,00 240,0 5.4 79.7 82.7 85.2
20 20-100 100, 000 G5, 00 120.0 10.3 12.2 14.4 16.9
21 2p-150 150,000 95,00 140.0 18. 75 22.1 26.0 29.5
22 2D0-200 200,000 95,00 160.0 28.1 33.2 38.5 43.1
23 2D-250 250,000 95,00 170.0 36.6 43,2 49,8 55.5
24 2D0-300 300,000 95,00 1%0.0 45,8 3.8 6l.7 68.4
25 2D0-350 350,000 95,00 190.0 52.9 G2.4 71.8 79.8
26 2D0-400 400, 000 95,00 200,0 a0. 2 1.0 81.8 91.0
27 20450 450,000 G5, 00 210, 0 65,3 F8.3 90,5 10l.0
28 2D0-5300 300,000 95,00 220,0 0.1 83.0 96,5 108,45
29 20-550 550,000 G5, 00 230, 0 F2.0 B5.0 Go.7 113.0
30 2D/202-40 G40, 000 95,00 210.0 30,2 42,2 49,9 7.8
31 2D/2D2-50 800, 000 G5, 00 220.0 45,4 58.4 68.8 78.4
32 2D/2D02-60 960, 000 95,00 230,0 a4, 7 70,5 89.4 100.9
33 2D/2D2-F0 1,120,000 G5, 00 240, 0 Bl.G 96,5 111.7 124.9
34 3D0-40 480, 000 95,00 210.0 34,9 41. 6 53.5 66.7
35 3p-50 G600, 000 G5, 00 220.0 47.3 59. 5 7a.7 4.0
36 30-60 720,000 95,00 230.,0 G62.9 80.8 1o03.2 124.1
37 3D-70 840,000 G5, 00 240, 0 Bo.7 1o4.3 131.4 155.7
38 20/3D2-40wW 800,000 36.75 210.0 31.4 35.1 40,8 47,5
3% 2D/3D02-50W 1,000,000 36.75 220, 0 41. 5 47,4 55.8 84,8
40 2D/3D2-60wW 1,200,000 36.75 230.,0 53.1 6l.5 F2.5 83.5
41 20302 -70W 1,400,000 36.75 240, 0 65,9 7.0 90,7 103.8
42 2D/3D2-40B 800,000 55.75 210.0 34.0 34,8 42.9 54,2
43 2D/3D02-506 1,000,000 33.73 220,0 43,3 47,9 6l.1 F6.9
44 2D/3D2-60E 1,200,000 55.75 230.,0 52.6 63.7 g2.2 1lo2.2
45 2D/3D02-70B 1.400,000 35.75 240,0 63,5 82.0 103.9 129.9

E.3.2 The data in the tables were used to develop a list of maximum gross weights for
Runway Weight Bearing Capacity Data. The listings that correlates gross weights with
known PCN values for flexible and rigid pavement (see Appendix F) provide
recommended maximum gross weights based on PCN determination.
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E.3.3  There will be cases where the gross weight of an aircraft exceeds the gross weight in
Tables E-1 and E-2 for a reported PCN determined using the procedures in Appendices
1 through 3. The values in the tables are not as accurate as the gross weights associated
with the ACN assigned by the aircraft manufacturer. The reported PCN is the basis for
data in the tables, and the airport manager should rely on the reported PCN rather than
the gross weight data in the table when the ACN of the departing or landing aircraft is
known.

E.3.4  Table E-3 shows the format of the list and brief instructions on its use. The first
example shown in the table is for a pavement that supports single, dual, and dual
tandem wheel gear aircraft, and the airport can report a PCN of 30 with subgrade
category B support. At the intersection of the PCN value with the gear types SW, DW,
and DTWS and Subgrade Support Category B, 76,000 pounds is the maximum
allowable gross weight for single wheel aircraft, 115,000 pounds is the maximum
allowable gross weight for dual wheel aircraft, and 215,000 pounds is the maximum
allowable gross weight for dual tandem wheel aircraft. Local experience can be
considered to use a lower weight, but higher weights are not recommended.

Table E-3. Excerpt From Listing of Maximum Gross Weight Data

FLEXIBLE PCN RIGID PCN
Airplane gross weight (1,000°s Ibs) for each Subgrade Category B
SW DW DTW . DDTW:: SW DW DTW DDTW
B{10}: B{10} :B{10}: B{10} : : B{295): B(295) : B{295) : B{295)

PCN

23 2 90; 180 §4 80 160

24t 90 185 §6 85 160

5 W YWY . 85 165

300 76 1 115 2150 30 {oo: 190

35 0 87 | 1400 245 3 *u 215
0 225

37 091 | 145 2600 620
F40N 98 0 1600 2750 6601 /101% 140% 245 630
\A5/7 111 0 1750 3050 7200 \111)] 60/ 265 680

;In a am y— pr— a [p—

_g PCN =43RBWT, perform straight line interpolation
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E.3.5 The second example in the table is for a pavement that supports aircraft with single and
dual wheel gear configurations. The pavement has a PCN of 43/R/B/W/T. The gross
weights at the intersection of the PCN value for a B category subgrade with each gear
type is between PCN values 40 and 45. Straight line interpolation between values is
recommended. Single wheel gross weight is 107,000 pounds. Dual wheel gross weight
is 152,000. Local experience can be considered to use lower weights, but higher
weights are not recommended.
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APPENDIX F. MAXIMUM AIRCRAFT GROSS WEIGHT TABLES FOR FAA FORM 5010
REPORTING BASED ON PCN DETERMINATION

Table F-1. Subgrade Strength Category A

FLEXIBLE PCN Subgrade Category A RIGID PCN Subgrade Category A

Aircraft gross weight (1,000's Ibs): Subgrade Category A
SW DW DTW  DDTW SW DW DTW DDTW
A(15) A(15) A(15) A(15) A(552) A(552) A(552) A(552)

PCN

3 15

4 18 14

5 21 17

6 25 40 21

7 27 45 23 35

8 30 45 27 40

9 33 50 30 45

10 36 55 95 32 50 100

12 41 60 110 38 55 115

13 44 65 120 41 60 120

14 47 65 125 43 60 125

15 49 70 130 46 65 135

16 51 75 140 49 65 140

17 53 75 145 51 70 145

18 56 80 150 53 70 150

19 58 80 160 56 75 155

20 60 85 165 58 80 160

25 71 100 195 70 90 190

30 81 120 230 81 110 220

34 89 140 260 89 125 245 625
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FLEXIBLE PCN Subgrade Category A RIGID PCN Subgrade Category A
Aircraft gross weight (1,000's Ibs): Subgrade Category A

SW DW DTW  DDTW SW DW DTW DDTW

A(15) A(15) A(15) A(15) A(G52) A(52) A(552) A(552)
PCN
35 91 145 265 630 92 130 250 635
40 102 165 295 700 102 150 275 700
45 111 185 335 770 112 165 310 765
48 116 195 355 810 116 175 335 800
49 195 360 820 175 340 810
50 200 370 835 180 350 825
55 220 410 900 195 385 880
60 240 460 960 210 425 930
65 520 1015 225 485 980
70 1065 240 1030
71 1075 240 1040
72 1085 1050
75 1080

Note: When the PCN falls between two values, use straight line interpolation to
determine the allowable gross weight for the gear types.

Table F-2. Subgrade Strength Category B

FLEXIBLE PCN Subgrade Category B |
Airplane gross weight (1,000's Ibs): Subgrade Category B

RIGID PCN Subgrade Category B

SW DW DTW DDTW SW DW DTW  DDTW
B(10) B(10) B(10) B(10) B(295) B(295) B(295) B(295)

PCN

3 15 14

6 23 35 22

7 26 40 25 35

8 29 45 100 - 28 40

9 32 50 105 - 32 45

10 | 34 50 110 - 34 50

F-2
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FLEXIBLE PCN Subgrade Category B
Airplane gross weight (1,000's Ibs): Subgrade Category B

RIGID PCN Subgrade Category B

SW DW DTW DDTW SW DW DTW  DDTW

B(10) B(10) B(10) B(10) B(295) B(295) B(295) B(295)
PCN
11 | 36 55 120 - 37 50 100
12 | 38 60 125 - 39 55 105
13 |4 60 130 - 42 55 110
14 | 43 65 135 - 45 60 115
16 | 48 70 150 - 50 65 130
18 | 52 75 160 - 55 70 140
20 |57 80 170 - 59 75 150
22 |62 90 180 - 64 80 160
24 | 66 95 190 - 69 85 165
25 | 76 115 215 - 80 100 190
30 |87 140 245 - 91 120 215
35 |91 145 260 620 95 130 225
37 |98 160 275 660 101 140 245 630
40 | 111 175 305 720 111 160 265 680
45 | 116 185 325 755 116 165 280 715
48 | - 190 335 780 170 290 735
50 | - 210 370 835 185 325 785
55 | - 225 400 885 200 355 835
60 | - 440 935 215 385 880
65 | -- 505 985 230 420 925
70 | - 1005 235 435 940
72 | - 1015 240 440 950
73 | - 1025 240 450 960
74 | - 1035 455 965
75 | - 1045 470 975
76 | - 1055 490 985
77 | - 1065 515 990
78 | - 1080 1010
80 | - 1050
85 | - 1085
89 | -

Note: When the PCN falls between two values, use straight line interpolation to

determine the allowable gross weight for the gear types.
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FLEXIBLE PCN Subgrade Category C |
Airplane gross weight (1,000's Ibs): Subgrade Category C

RIGID PCN Subgrade Category C

SW DW DTW DDTW sw DW DTW  DDTW
C(6) C(6) C(6) C(6) C(147) C(147) C(147) C(147)
PCN
4 12 - 13
17 - 19
8 22 - 25
10 |27 40 31 40
12 |32 50 36 50
13 |35 50 100 - 38 50
14 |37 55 105 - 41 55 100
15 |40 60 110 - 44 55 105
20 |52 70 135 - 56 70 130
25 |64 85 160 - 68 85 150
30 |76 100 180  -- 79 100 170
35 |87 120 205 - 90 115 190
40 |99 140 230 - 100 135 215
43 | 106 150 245 625 107 145 230
45 | 111 155 255 640 111 150 235
46 | 113 160 260 650 113 155 240
47 | 115 165 265 660 115 155 245 625
48 | 116 165 270 670 116 160 250 635
50 | -- 170 280 690 165 260 655
55 | -- 190 305 735 180 280 700
60 | -- 205 330 780 195 305 745
65 | -- 220 355 820 205 330 785
70 |- 240 385 860 220 355 830
71 | - 240 390 870 225 360 835
75 | - - 415 900 235 385 870
76 | - - 420 905 240 390 875
77 |- 425 915 240 395 885
80 | - - 440 940 410 910
85 | - - 480 975 440 945
88 | - - 520 1000 465 970
90 | - 1015 490 985
92 |- - 1030 525 1000
95 | - - 1050 1025
100 [ = - 1085 1060
102 | - - 1075
103 | - - 1080

Note: When the PCN falls between two values, use straight line interpolation to
determine the allowable gross weight for the gear types.
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Table F-4. Subgrade Strength Category D

FLEXIBLE PCN Subgrade Category D |
Airplane gross weight (1,000's Ibs): Subgrade Category D

RIGID PCN Subgrade Category D

SW DW DTW DDTW SW DW  DTW DDTW
D) D@B) D@E) DE) D(74) D(74) D(74) D(74)
PCN
4 13
13 - - 16
6 16 - - 19
8 21 - - 24
10 [26 - - 30 40
11 |29 40 - 32 45
12 |31 40 - 35 45
15 [38 50 - 43 55
16 (40 55 - 46 55 100 -
20 |50 65 115 - 55 70 115 -
25 |62 80 135 - 67 80 135 -
30 |74 95 155 - 78 95 155 -
35 |8 110 175  -- 89 110 175 -
40 |97 125 195 - 100 130 195 -
45 | 109 145 215 - 111 145 215 -
48 | 116 155 225 - 116 155 225 -
50 |-- 160 235 - 160 235 -
54 | -- 170 250 - 170 250 625
59 |-- 185 270 625 185 270 665
60 | -- 190 275 630 185 275 675
65 | -- 205 295 _ 670 200 295 715
70 |- 220 320 705 215 320 755
75 | -- 235 340 740 230 345 790
77 |- 245 350 755 235 350 810
80 | -- - 360 780 240 365 830
85 | -- __-- 380 815 390 865
9 | -- -~ 405 850 415 905
95 | -- -~ 425 885 440 940
100 | -- - 450 920 475 975
105 | -- - 475 960 530 1010
110 |-~ -~ 510 995 1045
113 |-~ -~ 530 1015 1065
115 | - e - 1030 1080
116 | - - - 1040 1085
120 | - e 1065
122 | = - 1080

Note: When the PCN falls between two values, use straight line interpolation to
determine the allowable gross weight for the gear types.
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APPENDIX G. RELATED READING MATERIAL

The following publications were used during the development of this AC:

1. AC 150/5320-6, Airport Pavement Design and Evaluation. The FAA makes this
publication available for free on the FAA website at http://www.faa.gov.

ICAO Bulletin, Official Magazine of International Civil Aviation, Airport Technology,
VVolume 35, No. 1, Montreal, Quebec, Canada H3A 2R2, January 1980.

2.
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	4.4.2 The accuracy of a technical evaluation is better than that produced with the Using aircraft procedure but requires a considerable increase in time and resources.  Pavement evaluation may require a combination of on-site inspections, load-bearing...
	4.4.2.1 Determination of the PCN Value.
	4.4.2.2 Concept of Equivalent Traffic.
	4.4.2.3 Counting Aircraft Operations.
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	Appendix A.   Equivalent Traffic
	A.1 Equivalent Traffic.
	A.1.1 A detailed method based on the cumulative damage factor (CDF) procedure allows the calculation of the combined effect of multiple aircraft in the traffic mix for an airport.  This combined traffic is brought together into the equivalent traffic ...
	A.1.2 The assessment of equivalent traffic, as described in this section, is needed only in the process of determining PCN using the technical method and may be disregarded when the Using aircraft method is employed.
	A.1.3 In order to arrive at a technically derived PCN, it is necessary to determine the maximum allowable gross weight of each aircraft in the traffic mixture, which will generate the known pavement structure. This in turn requires that the pavement c...

	A.2 Equivalent Traffic Terminology.
	A.2.1 Arrival (Landing) and Departure (Takeoff).
	A.2.2 Pass.
	A.2.2.1 Parallel Taxiway Scenario.
	A.2.2.2 Central Taxiway Scenario.
	A.2.2.3 A simplified, but less conservative, approach would be use a P/TC ratio of 1 for all situations.  Since a landing and a takeoff only apply full load to perhaps the end third of the runway (opposite ends for no shift in wind direction), this le...
	A.2.2.4 Table A-1 summarizes the standard P/TC ratio discussion.

	A.2.3 Coverage.
	A.2.3.1 When an aircraft moves along a runway, it seldom travels in a perfectly straight line or over the exact same wheel path as before.  It will wander on the runway with a statistically normal distribution.  One coverage occurs when a unit area of...
	A.2.3.2 Although the terms coverage and P/C ratio have commonly been applied to both flexible and rigid pavements, the P/C ratio has a slightly different meaning when applied to flexible pavements as opposed to rigid pavements.  This is due to the man...
	A.2.3.3 Aircraft passes can be determined (counted) by observation but coverages are used by the COMFAA program.  The P/C ratio is necessary to convert passes to coverages for use in the program.  This ratio is different for each aircraft because of t...

	A.2.4 Operation.
	A.2.5 Annual Departure and Traffic Cycle Ratio.
	A.2.5.1 The FAA standard for counting traffic cycles at an airport for pavement design purposes is to count one landing, one taxi, and one take-off as a single event called a departure.  For pavement evaluation related to determination of PCN, it may ...
	A.2.5.2 Equation A-1 translates the P/C ratio to the TC/C ratio for flexible and rigid pavements by including the previously described ratio of passes to traffic cycles (P/TC):
	A.2.5.3 Since the COMFAA program will automatically determine passes to coverages and convert annual departures to coverages, the conditions described in paragraph A.2.2 can be addressed by simply multiplying annual departures by the pass to traffic c...


	A.3 Equivalent Traffic Calculations.
	A.3.1 In order to complete the equivalent traffic calculations for converting one of the aircraft in the mix to another, a procedure based on cumulative damage factor (CDF) is used.  The CDF method is similar to the one used in the design procedures e...
	A.3.2 In the wheel load method, select one of the aircraft in the mix to be the critical aircraft and then convert the traffic of the remaining aircraft into equivalent traffic of the critical aircraft. First, with equation A-1, convert the traffic fo...
	A.3.3 Second, with equation A-3, convert the gear equivalency traffic cycles into equivalent traffic based on load magnitude.
	A.3.4 Alternatively, both operations can be combined into a single equation:
	A.3.5 Finally, the equivalent traffic cycles of all of the conversion aircraft are added to the original traffic cycles of the critical aircraft to give the total equivalent traffic cycles of the critical aircraft.
	A.3.6 In the CDF method, the number of equivalent traffic cycles of the critical aircraft is defined as the number of traffic cycles of the critical aircraft that will cause the same amount of damage to the pavement as the number of traffic cycles of ...
	A.3.7 CDF is derived from Miner’s Rule, which states the damage induced in a structural element is proportional to the number of load applications divided by the number of load applications required to fail the structural element. In airport pavement ...
	A.3.8 CDF is the fraction of the total pavement life used up by operating the indicated aircraft on the pavement. It therefore follows that the CDF for the equivalent critical aircraft is equal to the CDF for the conversion aircraft. Or:
	A.3.9 Therefore, the equivalent traffic cycles of the critical aircraft by the CDF method is given by:
	A.3.10 Equation A-6 can be rewritten as:
	A.3.11 Summing over all aircraft in the list gives the total number of equivalent coverages of the critical aircraft, CCRTETotal, as:
	A.3.12 Defining the total CDF for the traffic mix, CDFT, as the total number of equivalent coverages of the critical aircraft divided by the number of coverages to failure of the critical aircraft, gives the equation:
	A.3.13 The total CDF for the traffic mix is therefore, by this definition, the sum of the CDFs of all of the aircraft in the traffic mix, including that of the critical aircraft.
	A.3.14 Table A-2 shows how the above calculations are combined, using the COMFAA Life calculation with the Batch option checked, to determine the equivalent traffic cycles of the critical aircraft. The pavement is assumed to be a flexible structure 33...
	A.3.15 The Top portion of the table can be viewed in the Details window in the program after executing the Life function for Flexible pavement with all computation features available (shown when the “MORE” button is clicked). Pavement thickness and su...
	A.3.16 Coverages to failure for each individual aircraft is computed in the program by changing the number of coverages for that aircraft until the design thickness by the CBR method (for flexible pavements) is the same as the evaluation pavement thic...
	A.3.17 It should be noted that the sum of the CDFs as calculated in COMFAA do not strictly provide a prediction of pavement damage caused by the accumulation of damage from all of the aircraft because not all of the aircraft landing gears pass down th...


	Appendix B.   Technical Evaluation Method—Evaluation Pavement Properties Determination
	B.1 Technical Evaluation Method.
	B.2 Flexible Pavement Cross-Section Properties—Equivalent Thickness Determination.
	B.2.1 For evaluation purposes, the actual thickness of the flexible pavement section under consideration must be converted to a standard flexible pavement section..  The standard section, which corresponds to the  total thickness requirement calculate...
	B.2.2 When no aircraft in the traffic mix have four or more wheels on a main gear, the reference structure to be used is:  3 inches asphalt surface course (P401) and 6 inches crushed aggregate base course (P209). When one or more aircraft in the traff...
	B.2.3 If the pavement has excess material or improved materials, the total pavement thickness may be increased according to the FAA CBR method summarized herein as Figures B-1 and B-2 and Table B-1.  The pavement is considered to have excess asphalt, ...
	B.2.4 If the evaluation pavement section is deficient for asphalt pavement surface course (i.e. less than 3 inches) and/or high quality crushed aggregate base course (i.e. less than 6 inches), the subbase thickness is reduced using a slightly more con...

	B.3 Rigid Pavement Cross-Section Properties—Improved Subgrade Support Determination.
	B.4 Availability of Support Program to Determine Pavement Characteristics.
	B.5 Using the Support Program.

	Appendix C.   PCN Determination Examples
	C.1 The Using Aircraft Method.
	C.1.1 The Using aircraft method of determining PCN is presented in the following steps.  This procedure can be used when there is limited knowledge of the existing traffic and runway characteristics.  It is also useful when engineering analysis is nei...
	C.1.2 There are basic steps required to arrive at a Using aircraft PCN:
	C.1.3 These steps are explained below in greater detail.  Figure C-1 shows the steps needed to automatically perform the ACN calculations using COMFAA along with the results.

	C.2 Using Aircraft Example for Flexible Pavements.
	C.2.1 The following example illustrates the Using aircraft PCN process for flexible pavements:
	C.2.2 An airport has a runway with the known traffic mix shown in Table C-1. The runway has a flexible (asphalt-surfaced) pavement with an estimated subgrade strength of CBR 9, which puts it in subgrade category B. The flexible pavement ACNs for each ...
	C.2.3 If the pavement shows obvious signs of distress, this rating should be adjusted downward by the airport authority.  If the rating is lowered, then one or more of the aircraft will have ACNs that exceed the assigned rating.  This may require the ...

	C.3 Using Aircraft Example for Rigid Pavements.
	C.4 The Technical Evaluation Method.
	C.5 Technical Evaluation for Flexible Pavements.
	C.5.1 The following list summarizes the steps for using the technical evaluation method for flexible pavements:
	C.5.2 These steps are explained in greater detail below. These steps are automated in the COMFAA software.  The results file is presented in three tables.  (This file is displayed by selecting the ‘details’ button in the COMFAA support spreadsheet.)
	C.5.3 Figure C-3 shows an example results file.  Several examples using the same traffic mix with different pavement structures at the end of this section further illustrate the process.

	C.6 Technical Evaluation Examples for Flexible Pavements.
	C.6.1 Flexible Pavement Example 1.
	C.6.1.1 An airport has a flexible (asphalt-surfaced) runway pavement with a subgrade CBR of 8 and a total thickness of 32.0 inches, as shown in Fig. C-4 (5 inch asphalt surface layer, 4 inches of stabilized base, 6 inch base layer and 17 inches subbas...
	C.6.1.2 Figure C-5 shows the results of the COMFAA Batch PCN Flexible calculations. The top portion of Figure C-5 (Results Table 1) shows the required thickness in accordance with the FAA CBR method for a flexible pavement with a CBR 8 subgrade. The B...
	C.6.1.3 The middle portion of Figure C-5 (Results Table 2) shows the results of the detailed method based on the cumulative damage factor (CDF) procedure that calculates the combined damage from multiple aircraft in the traffic mix. The numerical valu...
	C.6.1.4 The bottom portion of Figure C-5 shows the ICAO standard ACN of each aircraft at the input values of gross weight, percent gross weight on the main gear, and tire pressure. When the total CDF>1, as is the case in this example, at least one of ...
	C.6.1.5 The following notes apply when total CDF > 1:

	C.6.2 Flexible Pavement Example 2.
	C.6.2.1 This second example has the same pavement cross section and subgrade CBR as Example 1, but with reduced traffic that results in a total CDF equal to 1. As in Flexible Example 1, the taxiway has a parallel configuration (Figure A-1b) such that ...
	C.6.2.2 Figure C-6 shows the results of the COMFAA Batch PCN Flexible calculations for Example 2. The top portion of Figure C-6 (Results Table 1) shows the required thickness using the CBR thickness design in accordance with the FAA CBR method for a f...
	C.6.2.3 The middle portion of Figure C-6 (Results Table 2) shows the results of the detailed method based on the cumulative damage factor (CDF) procedure that allows the calculation of the combined effect of multiple aircraft in the traffic mix. The v...
	C.6.2.4 Figure C-7 illustrates a useful feature of the P/TC ratio in COMFAA. In Example 1, the total CDF computed is 1.6392. To determine the reduced level of operations of the same traffic mix that would result in CDF = 1, simple take the reciprocal ...
	C.6.2.5 The following notes apply when total CDF = 1:

	C.6.3 Flexible Pavement Example 3.
	C.6.3.1 The only change in this example from the second example is that the taxiway has a central configuration rather than parallel, such as that shown in Figure A-1b. Figure C-8 shows the effect when the P/TC ratio changes from 1 to 2, which results...
	C.6.3.2 Referring to the results Table 2 in the middle portion of the output, only the B737-300 and the A319-100 std airplanes have little impact on this pavement’s performance. It is apparent the pavement is not adequate to accommodate the existing t...

	C.6.4 Flexible Pavement Example 4.
	C.6.4.1 In some cases, the pavement to be evaluated has significant excess structural capacity compared with the requirement due to forecast traffic. This situation may arise, for example, when an overlay is added for non-structural purposes, or in co...
	C.6.4.2 Figure C-10 shows the COMFAA output when PCN is computed using the evaluation thickness 36.4 in. and P/TC=1. For the overlaid pavement subject to the forecast traffic, total CDF is much less than 1 (total CDF= 0.0355), indicating that the 20-y...
	C.6.4.3 The regular COMFAA procedure given in section 2.1 is most suitable when the total CDF > 0.15. When the procedure results in CDF < 0.15, as in this example, the FAA recommends adjusting the input traffic such that the PCN is reported for a tota...
	C.6.4.4 Figure C-11 shows a re-analysis of the overlaid pavement using an adjusted value of the P/TC ratio equal to 1 × 0.15 / 0.0355 = 4.225. As indicated in Results Table 2, the adjusted Total CDF = 0.15.  The airport can report PCN=84/F/C/X/T at To...


	C.7 Technical Evaluation for Rigid Pavements.
	C.7.1 The following list summarizes the steps for using the technical evaluation method for rigid pavements:
	C.7.2 The above steps are explained in greater detail:
	C.7.2.1 Determine the traffic volume in the same fashion as noted in Paragraph C.6 for flexible pavements.


	C.8 Technical Evaluation Examples for Rigid Pavements.
	C.8.1 Rigid Pavement Example 1 (Total CDF>1).
	C.8.1.1 An airport has a rigid (concrete surfaced) runway pavement with a subgrade k-value of 100 pci and a slab thickness of 14.5 inches, with an existing cross section as shown in the lower right portion of Figure C-12. The concrete has a flexural s...
	C.8.1.2 The number of load repetitions depends on the number of traffic cycles, which is calculated using Equation A-1 and then converted to coverages in the COMFAA program. Since additional fuel is generally obtained at the airport, and there is a pa...
	C.8.1.3 Figure C-14 shows the shows the results of the COMFAA Batch PCN Rigid calculations. The top portion of Figure C-14 (Results Table 1) shows the required thickness using the thickness design in accordance with the FAA Westergaard method for a co...
	C.8.1.4 Referring to the CDF calculation results shown in Results Table 2 of Figure C-14, the A319-100 std and the B777-200 contribute the least to the cumulative damage on this pavement. However, the required thickness in Column 3 of Results Table 2 ...
	C.8.1.5 The following notes apply when total CDF > 1:

	C.8.2 Rigid Pavement Example 2 (Total CDF<1).
	C.8.2.1 This second example has the same traffic and other input parameters as the first, except the slab thickness is increased by 0.5 inches to 15 inches. As shown in Figure C-15, the equivalent k-value is the same as Example 1.
	C.8.2.2 Figure C-16 shows the detailed results from COMFAA. In this case it is seen that the pavement has sufficient strength to support the traffic mix. Results Table 1 (top portion of Figure C-16) shows the required thickness for each aircraft accor...
	C.8.2.3 Results Table 2 (middle portion of Figure C-16) shows the results of the detailed method based on the CDF procedure that allows the calculation of the combined effect of multiple aircraft in the traffic mix. Each aircraft in turn is treated as...
	C.8.2.4 Values in Results Table 3 are identical to the corresponding values in Results Table 3 for Example 1. This is because the operating aircraft load data are the same in both examples. All aircraft in the traffic mix have ACNs at their operating ...
	C.8.2.5 The following notes apply when total CDF < 1:

	C.8.3 Rigid Pavement Example 3.
	C.8.3.1 This example is the same as Example 2, except that the taxiway has a central configuration rather than parallel, such as that shown in Figure A-1b. It is still assumed that additional fuel is obtained before departure. Referring to Table C-9, ...
	C.8.3.2 Column 3 of Results Table 2 shows that each aircraft requires a thickness greater than the evaluation thickness when using the CDF method. It is apparent the pavement is not adequate to accommodate double the coverages of the existing traffic....
	C.8.3.3 As an alternate way of looking at the effect of a parallel versus central taxiway effects, consider how the pavement life would change instead of the PCN. If the reported PCN from this example were to remain at 66/R/B/W/T, then the pavement li...

	C.8.4 Rigid Pavement Example 4 (Total CDF<<1).
	C.8.4.1 This example demonstrates a consistent method of reporting PCN for rigid pavements that are extremely strong with respect to the input traffic. This situation may arise, for example, where an existing rigid pavement is given a HMA overlay for ...
	C.8.4.2 Figure C-19 shows the COMFAA output when PCN is computed using the evaluation thickness 16.5 in. and P/TC=1. For the overlaid pavement subject to the forecast traffic, total CDF is much less than 1 (total CDF= 0.0331), indicating that the 20-y...
	C.8.4.3 The regular COMFAA procedure given in section 2.3 is most suitable when the total CDF > 0.15. When the procedure results in CDF < 0.15, as in this example, the FAA recommends adjusting the input traffic such that the PCN is reported for a tota...
	C.8.4.4 Figure C-20 shows a re-analysis of the overlaid pavement using an adjusted value of the P/TC ratio equal to 1 × 0.15 / 0.0331 = 4.532. As indicated in Results Table 2, the adjusted Total CDF = 0.15.  The airport can report PCN=83/R/B/X/T or 83...



	Appendix D.   Pavement Overload Evaluation by the ACN-PCN System
	D.1 ICAO Pavement Overload Evaluation Guidance.
	D.1.1 In the life of a pavement, it is possible that either the current or the future traffic will load the pavement in such a manner that the assigned pavement rating is exceeded.  ICAO provides a simplified method to account for minor pavement overl...
	D.1.2 The ICAO procedure for overload operations is based on minor or limited traffic having ACNs that exceed the reported PCN.  Loads that are larger than the defined PCN will shorten the pavement design life, while smaller loads will use up the life...
	D.1.3   The following guidelines are recommended when evaluating overloads:
	D.1.4 These criteria provide consistent, repeatable process  the airport owner can use to monitor the impact of these overload operations on the pavement in terms of pavement life reduction or increased maintenance requirements.  This appendix discuss...

	D.2 Overload Guidance.
	D.2.1 The overload evaluation guidance in this appendix applies primarily to flexible and rigid pavements that have PCN values that were established by the technical method.  Pavements that have ratings determined by the using aircraft method can use ...
	D.2.2 The adjustments for pavement overloads start with the assumption that some of the aircraft in the traffic mix have ACNs that exceed the PCN.  If the steps outlined in Appendix C have been followed for the technical method, then most of the neces...
	D.2.3 The recommended PCN is not adequate for the traffic mix when the Total CDF>1.  Airports have three options when evaluating what pavement strength rating to publish:

	D.3 Adjustments for Flexible Pavement Overloads.
	D.3.1 First Option.
	D.3.1.1 For flexible pavement example Total CDF>1. The B-747-400 has the highest CDF-PCN combination.  The traffic aircraft with the highest CDF-PCN combination is the basis for overload analysis.  The PCN=68.9 and the traffic mix is equivalent to 10,...
	D.3.1.2 COMFAA MGW results at 39.65 in., CBR=6 for the B747-400 traffic aircraft is MGW=901,739 lbs.  COMFAA Batch ACN results confirm that increasing MGW from 847,310 lbs. to 901,739 lbs. increases ACN 10 percent.
	D.3.1.3 COMFAA PCN results with 500 coverages of the aircraft with 10 percent higher ACN confirms minor impact on this flexible pavement.  However, the PCN=74.8, which is less than ACN=75.8.  Overloads are occurring at the input traffic gross weight a...

	D.3.2 Second Option.
	D.3.3 Third Option.

	D.4 Adjustments for Rigid Pavement Overloads.
	D.4.1 First Option.
	D.4.1.1 For rigid pavement example Total CDF>1. The B-747-400 has the highest CDF-PCN combination.  The traffic aircraft with the highest CDF-PCN combination is the basis for overload analysis.  The PCN=59.4 and the traffic mix is equivalent to 10,000...
	D.4.1.2 COMFAA MGW results at 13.8 in., and k-value=295 pci for the B747-400 traffic aircraft is MGW=871,000 lbs.  COMFAA Batch ACN results confirm that increasing MGW from 841,758 lbs. to 871,000 lbs. increases ACN 5 percent.
	D.4.1.3 COMFAA PCN results with 500 coverages of the aircraft with 5 percent higher ACN confirms minor impact on this rigid pavement.  However, the PCN=62.0, which is less than ACN=63.6.  Overloads are occurring at the input traffic gross weight and f...

	D.4.2 Second Option.
	D.4.3 Third Option.


	Appendix E.   Reporting Changes to Certain Airport Runway Data Elements
	E.1 Allowable Gross Weight.
	E.1.1 Source of Data.
	E.1.2 Reporting Allowable Gross Weight.

	E.2 Pavement Classification Number (PCN).
	E.2.1 Source of Data.
	E.2.2 Reporting PCN.

	E.3 Assigning Aircraft Gross Weight Data.
	E.3.1 Tables E-1 and E-2 summarize the process used to assign allowable aircraft gross weight.  Table E-1 shows the flexible ACNs.  Table E-2 shows the rigid ACNs.  Allowable gross weight is based on aircraft gear configuration as issued in FAA Order ...
	E.3.2 The data in the tables were used to develop a list of maximum gross weights for Runway Weight Bearing Capacity Data.  The listings that correlates gross weights with known PCN values for flexible and rigid pavement (see Appendix F) provide recom...
	E.3.3 There will be cases where the gross weight of an aircraft exceeds the gross weight in Tables E-1 and E-2 for a reported PCN determined using the procedures in Appendices 1 through 3.  The values in the tables are not as accurate as the gross wei...
	E.3.4 Table E-3 shows the format of the list and brief instructions on its use.  The first example shown in the table is for a pavement that supports single, dual, and dual tandem wheel gear aircraft, and the airport can report a PCN of 30 with subgra...
	E.3.5 The second example in the table is for a pavement that supports aircraft with single and dual wheel gear configurations.  The pavement has a PCN of 43/R/B/W/T.  The gross weights at the intersection of the PCN value for a B category subgrade wit...
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