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Acronyms and Abbreviations
ACN
AGW
APSDS
CAA
CBR
CEN
CENELEC
CROW
cm
FAA
FOD
ICAO
k
kg
LEA
MN/m3
MTOW
MPa
NATO
OEW
PAVERS
PCA
PCN
STANAG
TC

Aircraft Classification Number
Allowable Gross Weight of an aircraft
Airport Pavement Structural Design System - software
Civil Aviation Authority
California Bearing Ratio
Comité Européen de Normalisation
Comité Européen de Normalisation Electrotechnique
Information and Technology Centre for Transport and Infrastructure
Centimetre
Federal Aviation Administration
Foreign Object Damage or Foreign Object Debris
International Civil Aviation Organization
Modulus of Subgrade Reaction
Kilogram
Linear Elastic Analysis
Mega Newton per Cubic Metre
Maximum Take-off Weight
Mega Pascal
North Atlantic Treaty Organization
Operating Empty Weight
Pavement Evaluation and Reporting Strength – software
Portland Cement Association
Pavement Classification Number
Standard NATO Agreement
Technical Committee
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Samenvatting
Lidstaten en -organisaties aangesloten bij ICAO zijn overeengekomen de draagkracht van
vliegveldverhardingen te evalueren en publiceren op basis van het ACN-PCN
draagkrachtclassificatiesysteem. Het systeem dicteert geen specifieke PCN-methode. Om een technische
PCN-waarde vast te stellen, wordt vaak de nationaal gebruikelijke verhardingsontwerpmethode toegepast.
Dit houdt in dat een technische PCN-waarde mede van deze rekenmethode afhangt.
Om op nationaal niveau een vergelijkbare en reproduceerbare PCN-waarde te krijgen, heeft de
Coördinatiecommissie Vliegveldverhardingen in 2005 een richtlijn opgesteld waarmee de PCN van
vliegveldverhardingen in Nederland op een uniforme wijze kan worden bepaald. Deze richtlijn is
bruikbaar voor zowel nieuwbouw als voor evaluatiedoeleinden. Om vergelijkbare en realistische PCN’s te
krijgen is de bepaling van de rekenprocedure en de bepaling van de materiaaleigenschappen alsook het
gedrag onder herhaalde belasting beschreven en/of vastgelegd in procedures.
In deze richtlijn is de rekenkundige procedure voor de bepaling van een technische PCN volledig
beschreven. Uitgangspunt voor de methode is een analytisch verhardingsmodel, waarbij de lagen van de
verharding en de ondergrond zijn geschematiseerd. In deze richtlijn zijn de rekenmethoden, rekenstappen,
randvoorwaarden, standaardisatie van invoer en materiaal- en vermoeiingseigenschappen alsmede het
verkeer (laterale spreiding e.d.) en de levensduur van de verharding in relatie tot de PCN en de ontstane
schade beschreven. Voor het rapporteren van de technische PCN is een data sheet opgesteld, waarin de
relevante berekeningsgegevens betreffende de verhardingsopbouw en de materiaaleigenschappen, de
PCN-levensduur en het gebruik zijn opgenomen.
De CROW-richtlijn voor het vaststellen van de technische PCN kan door de nationale luchtvaartautoriteit
Inspectie Leefomgeving & Transport, Domein Luchtvaart (ILT/DL) worden voorschreven als dé methode
voor de bepaling en de rapportage van de PCN. De PCN wordt gepubliceerd in een Aeronautical
Information Publication (AIP). De richtlijn kan ook door NATO voor het opstellen van een ‘Standard
NATO Agreement’ (STANAG) worden gebruikt.
De richtlijn uit 2005 is in 2013 herzien met betrekking tot de wijzigingen van ICAO Annex 14 ten
aanzien van de ACN-PCN-methode. In oktober 2007 heeft ICAO de ‘alpha factor waarden’ voor de
berekening van de Aircraft Classification Number (ACN) van flexibele bestratingen herzien. Dit besluit
betekent dat de ACN-waarden van vliegtuigen voorzien van onderstellen van 4 of meer wielen zijn
herzien. De fabrikanten hebben nieuwe waarden gepubliceerd. Ook heeft ICAO de
bandenspanningscategorie als onderdeel van de PCN-codering aangepast zodat deze beter aansluit op de
actuele bandenspanning van de moderne vliegtuigen met hoge belastingen per wiel.
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Summary
ICAO Member States have agreed to evaluate and publish the bearing strength of airport pavements using
the ACN-PCN system. The system does not prescribe or dictate a specific design method for PCN
assignment. For states or individual civilian airport authorities, technical PCN values are often determined
as an extension of existing national pavement design and evaluation technologies. As a consequence,
technical PCNs can vary depending on the evaluation method used.
To harmonize and arrive at reproducible PCNs, the CROW Coordinating Committee on Airport
Pavements in 2005 developed a ‘Guideline on PCN assignment’ that prescribes the structural evaluation
of jointed rigid and flexible pavements. The Guideline is to be used to assign a PCN by means of
technical evaluation for civil airport pavements on a national level.
This guideline presents the procedure for the calculation of a technical PCN in full detail. The basis for
the PCN determination is the use of Layered Elastic Analysis and calibrated failure criteria derived from
material testing and/or full-scale pavement tests. An uniform set of pavement transfer functions
(performance models) and material characterization (mechanical properties) are described and procedures
to access these properties are given. It should be noted that the transfer functions presented in this
guideline are typical for Dutch construction materials and subgrades. For reporting the results of the
technical PCN assessment, a data sheet with all relevant parameters used concerning the pavement,
materials, PCN-life and fleet usage is presented.
The CROW-guideline for assigning a technical PCN value focuses on standardization of the pavement
models, the calculation steps, the assessment and selection of material characteristics (transfer functions),
the structural pavement life, the design criterion in relation to the true pavement damage, reliability
concept as well as traffic and wander. This guideline can be used in the Netherlands by airport pavement
engineers or regulatory be prescribed by national Civil Aviation Authorities to arrive at realistic pavement
designs and comparable PCNs. The PCN value is published in an Aeronautical Information Publication
(AIP). This guideline can also be used by NATO to establish a STANAG that would be well accepted
among the nations.
The Guideline has been revised in 2013 to cover amendments to ICAOs Annex 14 in respect to the ACNPCN method. On October 16, 2007, ICAO has approved the changing of the numerical coefficients
entitled "Alpha factor" involved, for flexible pavement type, in calculating the ACN of the aircraft. The
ICAO decision led to recalculate the "flexible" ACN of landing gears of aircraft which have a total of at
least four wheels. Secondly, the tire pressure category and designations has been revised to comply to the
actual tire pressures of modern aircraft with high wheel loads.
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1

Introduction

At the instigation of the Netherlands CAA, CROW has published a Guideline for PCN assignment in
2005. CROW-report D05-06 provides guidance on the PCN assignment for reporting the bearing strength
of airport pavements using the ACN-PCN system. An Addendum to CROW-report D05-06 completed the
Guideline and presented a field survey for flexible and rigid pavements comprising of deflection
measurements, coring and material testing. The survey described is practiced in the Netherlands.
Since the publication of CROW-report D05-06, ICAO made a number of amendments to the International
Standards and Recommended Practices of Aerodrome Design and Operations of Annex 14, Volume 1 to
the convention on international civil aviation. Several amendments are related to the ACN-PCN method.
These amendments, the Addendum and user’s experiences are covered in the 2013 edition of the
Guideline.
The Aircraft Classification Number / Pavement Classification Number (ACN/PCN) system has been
adopted by ICAO as the only approved method for reporting of airfield pavement bearing strength. The
method came into use in 1981. According to this world-wide standard, aircraft can safely operate on a
pavement if their ACN is less than or equal to the pavement load bearing capacity or PCN. This implies
that an aircraft having an ACN equal to or less than the PCN can operate on a pavement without weight
restrictions.
Although there is a great amount of material published on how to compute an ACN (Ref. 1 and 2), ICAO
has not specified regulatory guidance as how an airport authority is to arrive at a PCN, but has left it up to
the airport authority as to how to perform this task. This is a result of member states reluctance to agree
on an international standardized method of pavement evaluation, but rather to rely on their own internally
developed procedures. As a consequence, PCNs can vary, depending on the nationally used method of
design and evaluation of airport pavements. However, it is important to have an unambiguous, generally
accepted methodology for computing pavement damage, to allow airport operators and pavement
engineers to adequately design pavements to accommodate new aircraft, and to allow airlines to anticipate
airport pavement weight restrictions in planning their operations and in deciding which aircraft to
purchase. An established and industry recognised engineering method appropriate to the pavement
construction type should be used to determine the structural capability of a pavement to support proposed
aircraft loads and traffic levels.
At the instigation of the Coordinating Committee on Airfield Pavements of the Dutch Technology
Platform for Transport, Infrastructure and Public Space (CROW), a literature survey into PCN assignment
was undertaken in 2003/2004 (Ref. 3). The objective of the survey was twofold. First to clarify on ICAOs
ACN/PCN reporting system for civil airports, and present the status on ACN/PCN. The second objective
was to investigate PCN assessment methods currently utilized by member states. The study did lead to a
number of recommendations which can result in a standard method for PCN assessment based on
technical evaluation for usage within the Netherlands and/or future NATO practice. The PCN study team
recognized the layered elastic method as evaluation method to be used to determine a common pavement
strength value. The study team felt that harmonization of PCN calculation method and limiting its degrees
of engineering freedom as well as the prescribed usage of analytical methods to be used is necessary. As a
continuation of the literature survey, CROW compiled a ‘Guideline for PCN assignment’ for usage on
civil airports in the Netherlands. The Guideline can be used to evaluate rigid and flexible pavement for
PCN in three situations:
1. Based on the parameters and material properties as were used to design the pavement;
2. For an as-built situation, based on the properties and layer thickness’ of the newly constructed layers;
3. For in-service pavements, which are already subjected to traffic.
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The PCN method presented is known as the Technical evaluation method, and requires knowledge of the
pavement and its traffic, as well as a basic understanding of engineering methods that are utilized in
pavement evaluation in order to be successfully implemented. This Guideline harmonises the pavement
models, the calculation steps, the assessment and/or selection of material characteristics (strength, transfer
functions), the structural pavement life, the design criterion in relation to the true pavement damage as
well as traffic and wander. The method complies to the PCN method as in use by the Dutch Ministry of
Defence (Ref. 4). Use is made of implemented mechanistic design/evaluation systems with criteria that
appear to be yielding reasonable results. These procedures are based on linear, elastic theory coupled with
empirical relationships for relating computed stress/strain to allowable aircraft load. This approach is well
understood and well documented. The elastic layer mechanistic/empirical methods are also very adaptable
to new criteria. For example, it is not very difficult to add/remove/modify the criteria (fatigue
relationships or transfer functions). This makes it attractive as a NATO standard too, since results from
continuing material research and development could be incorporated as necessary. With the current
emphasis and requirements for better design/evaluation methods at NATO, a standard that would be well
accepted among the Nations could also be established.
This report explains the PCN assignment in full detail. The standardized method is to be used for
reporting strength of Dutch civil airport pavement. Chapter 2 reports on the officially published
procedures for the PCN assessment of rigid and flexible pavements. The PCN assignment is presented in
Chapter 3. Chapter 4 contains worked examples and PCN assessments for rigid and flexible pavement
using Pavers®-software. Based on the information contained in this guideline, the user can determine the
PCN or load-carrying capacity of an airfield pavement.
The Guideline presents a number of test methods to assess in a standardized manner, the material and
fatigue transfer functions to be used for PCN evaluation in the Netherlands. The mechanical properties of
typical Dutch road building materials are given in appendix 1 to 3. These properties may also be used for
the design of a pavement. Test methods are presented to assess the dominant properties of several
pavement materials and subgrade. Appendix 1 focuses on bituminous materials whereas appendix 2
presents the properties of cement concrete according to Dutch Standards. The properties of base and sub
base materials are presented in appendix 3. Appendix 4 presents the results of a worked example using
APSDS®-software. Appendix 5 has the status of Directive and presents the PCN data format to be
mandatory reported in submitting the results of a PCN assessment to the Netherlands CAA. Appendix 6
presents the Addendum and describes the measurement program comprising of field measurements and
laboratory testing as well as the determination of the material performance properties.
The first edition of the Guideline was prepared in 2005 by Marc Stet, who was assisted by a team of
professionals comprising of:
- professor André Molenaar of the Delft University of Technology (chairman)
- Harry van Dijk of the Netherlands CAA
- Ad van Leest of CROW, hosting the technical committee
- Fer Mooren of Netherlands Airport Consultants
- Janpiet Verbeek of the Dutch Ministry of Defence
- Marien Voorwinde of Amsterdam Airport Schiphol
Since the publication of CROW-report D05-06, a number of amendments were made to the International
Standards and Recommended Practices of Aerodrome Design and Operations of Annex 14, Volume 1 to
the convention on international civil aviation. Some of these changes concern the ACN-PCN method. On
October 16, 2007, ICAO has approved the changing of the numerical coefficients entitled "Alpha factor"
for calculating the ACN of an aircraft on a flexible pavement. The ICAO decision led to recalculate the
"flexible" ACN of landing gears of aircraft which have a total of at least four wheels. Secondly, the tire
pressure category and designations has been revised to comply to the actual tire pressures of modern
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heavy gear aircraft as has been proposed in 2012. The revised Guideline covers these changes, and has
been compiled by:
- Marc Eijbersen, CROW (chairman)
- Melvin Bakker, Amsterdam Airport Schiphol
- Peter Bhairo, Dura Vermeer Infrastructuur (corresponding member)
- Harry van Dijk, Inspectie Leefomgeving & Transport, Domein Luchtvaart
- Piet Hopman, KOAC•NPC
- Fer Mooren, Netherlands Airport Consultants B.V.
- Henry Schaefer, Heijmans Integrale Projecten
- Marc Stet, VIA Aperta Pavement Consultants B.V. (author)
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2

2.1

The ACN-PCN method

The ACN-PCN method

The engineering system used for the control of aircraft loadings on airside surfaces is the ACN-PCN
method. The International Civil Aviation Organization (ICAO) (DOC 9157-AN/901 and Amendment
number 35 to Annex 14, Ref. 1) devised the ACN/PCN method as an effective, simple, and readily
comprehensible means for reporting aircraft weight-bearing capacity of airfields. The ACN-PCN is a
reporting method for weight-bearing capacity introduced for world wide civil use in the mid-1980’s.
ICAO requires that the strength of pavements for aircraft with a mass greater than 5,700 kg will be made
available using ACN-PCN method by reporting all of the following information (Ref. 1):
- Pavement Classification Number
- Pavement type
- Subgrade strength category
- Maximum allowable tire pressure category or maximum allowable tire pressure value
- Evaluation method
The ACN-PCN system is easy to use. Each aircraft is assigned a number that expresses the structural
effect on a pavement for a specified pavement type and a standard subgrade category. Each airport
operating authority reports site pavement strengths using the same numbering system. The pavement is
capable of accommodating unrestricted operations provided the aircraft load number is less than or equal
to the pavement strength number. Maximum tire pressure limitations may also be applied to some
pavements which may further restrict certain aircraft operations. The ACN is based on the static
application on aircraft loads to the pavement surface, making them somewhat conservative in nature.
Member States to ICAO are required to evaluate and publish the strength of airport systems using the
ACN/PCN system. The national CAA publishes weight bearing limits in terms of ACN/PCN in an
Aeronautical Information Publication for civil and international use. The intent is to provide planning
information for individual flights or multi-flight missions which avoid either overloading of pavement
facilities or refused landing permission. The ACN and PCN are defined as follows:
1. ACN is a number that expresses the relative structural effect of an aircraft on different pavement
types for specified standard subgrade strengths in terms of a standard single-wheel load.
2. PCN is a number that expresses the relative load-carrying capacity of a pavement in terms of a
standard single-wheel load.
3. The system is structured so that a pavement with a particular PCN value can support, without weight
restrictions, an aircraft that has an ACN value equal to or less than the pavement's PCN value.
4. ACN values will normally be provided by the aircraft manufacturers. The ACN has been developed
for two types of pavements, flexible and rigid, and for four levels of subgrade strength.
5. The PCN value is for reporting pavement strength only. The PCN value expresses the results of
pavement evaluation in relative terms and cannot be used for pavement design or as a substitute for
evaluation.

2.2

Aircraft Classification Number

Under the ACN-PCN system, each aircraft has assigned an ACN that indicates design thickness
requirements for the aircraft on a more expanded scale that ranges from an ACN of 5 for light aircraft to
an ACN of 130 or more for heavy aircraft. ACN values are published for both flexible and rigid
pavements and at four (4) subgrade categories that span the range of subgrade and bearing support values
normally encountered. The ranges of subgrade strength covered by these categories are shown in Table 1.
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Table 1. Ranges of standard subgrade strength
Subgrade
Category
A – High
B – Medium
C – Low
D – Ultra Low

Pavement
Type
Rigid
Flexible
Rigid
Flexible
Rigid
Flexible
Rigid
Flexible

Characteristic Subgrade Strength Range of Subgrade Strengths
150 MN/m2/m
CBR 15%
80 MN/m2/m
CBR 10%
40 MN/m2/m
CBR 6%
20 MN/m2/m
CBR 3%

All k values above 120 MN/m2/m
All CBR values above 13%
60 to 120 MN/m2/m
CBR 8% to CBR 13%
25 to 60 MN/m2/m
CBR 4% to CBR 8%
All k values below 25 MN/m2/m
All CBR values below 4%

ACNs must be calculated using a prescribed technical method, which is clearly defined. An aircraft’s
ACN is calculated from its weight, its wheel layout, its tire pressure, and to the ICAO strength category.
ACNs are calculated according to the computer listings given in the ICAO Airport Pavement Design
Manual. For flexible pavements, the S-77-1 method (Ref. 6) is utilized. Likewise, rigid pavement ACN is
computed by a subset of the PCA pavement computer program (Ref. 7), except the variable term of
working stress is replaced by a constant standard value. To obtain a classification number for a multiwheel undercarriage an ESWL has to be calculated and to do this, a pavement thickness must be defined.
The ACN-PCN method defines the thickness, known within the method as 'Reference thickness' by
designing a realistic pavement on a given subgrade. The reference thickness is obtained by using specific
design methods for flexible and rigid pavements.
On October 16, 2007, ICAO has approved the changing of the numerical coefficients entitled "Alpha
factor" for calculating the ACN of an aircraft on a flexible pavement. In the ACN of a flexible pavement,
the alpha factor or pavement reduction factor, is used to take into account the effect of gear geometry in
computing pavement design curves for flexible pavements. The original deflection-based design method
overstated the damage caused by multi-wheel gears and this was later corrected by introducing the alpha
factor. Studies undertaken in some States had indicated that the classical pavement design curves for
dual-tandem landing gears were extrapolated for main landing gears with six wheels. Additionally, there
was a lack of data points on the original alpha factor curve and any extrapolation results in a higher value
of the alpha factor, thus predicting higher stresses in the pavement, whereas the additional set of wheels
were intended to distribute the load better. In order to resolve this technical anomaly, some States decided
to carry out full-scale pavement tests. In the meantime, an interim alpha factor of 0.72 for six wheels per
landing gear would be used by aircraft manufacturers, until such time the results of the test were
available. Recent findings of full scale pavement tests conducted by one State had been reviewed by the
Aerodromes Panel. The Commission agreed to the following revisions concerning the alpha factor (see
Table 2):
- Change alpha factor value for all four wheels per main landing gear from the current 0.825 to 0.80;
- Retain the alpha factor value for six-wheels per landing gear at 0.72;
- Change the alpha factors for other main landing gears so that the ranking of the damaging effects
remains consistent.
Aircraft manufacturers were requested to revise the ACN values for their respective aircraft types on
various subgrade categories, currently available as guidance material in Doc 9157, Part 3, Table A5-1
(Ref. 2). ACNs of today’s civil aircraft may be found in a number of different sources. One of the most
comprehensive and up-to-date is the Airport Directory Section of Jepessen flight books (Ref. 5). Another
extensive source is found in the ICAO publication, Part 3, Pavements (Ref. 2). However, this source is
not as current as is the Jepessen publication. A third source is the Airplane Characteristics for Airport
Planning Manuals, as published by the major aircraft manufacturers. This data is generally the most
current, and it is normally presented in graphical form (Refs. 8 and 9). These graphs give the ACN
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between MTOW and OEW for four (4) standard subgrade strengths and the two (2) pavement types.
ACNs of military aircraft can be found in Refs. 10, 11 and 12. However, the military ACN data for civil
aircraft is not always consistent with those published by ICAO. Alternatively, ACNs values for aircraft
can be calculated using computer software available on the internet (Ref. 13).
Table 2. Revised alpha factor values
Number of wheels
1
2
4
6
8
12
18
24

Former Alpha Factor
0.995
0.900
0.825
0.788
0.755
0.722
0.700
0.689

Revised Alpha Factor
0.955
0.900
0.800
0,720
0.690
0.660
0.640
0.630

The revised Alpha Factors generally result in lower ACNs. Hence, the PCNs reported after 2007 are
slightly lower than those reported before October 16, 2007.
2.3

Pavement Classification Number

The bearing strength of airfield pavements must be measured, analysed, evaluated and reported so that the
operating weight of aircraft allowed to use the pavements can be controlled. The PCN number indicates
the suitability of a pavement area for unrestricted operations by any aircraft that has an ACN and tire
pressure not exceeding the limits reported in PCN format of stated pavement type and subgrade strength
category. The method of PCN pavement evaluation is left up to the airport, under the approval of the
regulating CAA. Some guidance to the selection of an appropriate PCN is provided in Chapter 3,
‘Evaluation of pavements’ of the Aerodrome design manual (Ref. 2). Although ICAO does not give
specified regulatory guidance on how to determine a PCN, it states that the PCN must represent a relation
between allowable load i.e. the ACN of the critical i.e. most damaging aircraft and the structural
pavement life.
In the most fundamental terms, the determination of a rating in terms of PCN is a process of deciding on
the maximum allowable gross weight of a selected critical airplane for a pavement knowing its ACN at
that weight, reporting it as PCN. This process can be as simple as knowing the operational gross weight
of each aircraft that is currently using the pavement and looking up its ACN (referred to as the Using
aircraft method). This method can be applied with limited knowledge of the existing aircraft and
pavement characteristics. The second method is more complex and referred to as Technical evaluation. In
order to be successfully implemented, the technical evaluation requires an intimate knowledge of the
pavement and its traffic, as well as basic understanding of engineering methods that are utilized in
pavement design.
The ICAO PCN pavement strength reporting system involves publishing a five (5) part strength code in
the form of 51 FDWT for flexible pavements or 62 RBWT for rigid concrete pavements. If desired, PCNs
may be published to an accuracy of 1/10th of a whole number.
Briefly, the first number is the reported PCN value on a scale of 1 to about 130, with 1 representing a
weak pavement and 130 a very strong pavement. The second part of the code is either an "F" for flexible
pavement systems or "R" for rigid pavement systems. The third part is a letter code A, B, C, or D
indicating the subgrade/bearing strength, with A representing a high supporting strength and D a very low
strength. The fourth part indicates the tire pressure limitation in MPa if applicable (X, Y, Z otherwise W).
The fifth and final part of the PCN code indicates the evaluation method used to determine the pavement
strength – "T" if derived from an engineering study or "U" if based on satisfactory aircraft usage.
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Table 3. PCN reporting format
PCN

Pavement Type Subgrade category
R – Rigid
A – Unlimited
F – Flexible
B – High
C – Medium
D –Very Low

Tire pressure
Unlimited, no limit – W
High, limited to 1.75 MPa – X
Medium, limited to 1.25 MPa – Y
Low, limited to 0.5 MPa – Z

Evaluation method
T – Technical
U – Using Aircraft

If the pavement is of composite construction, the rating should be the type that most accurately reflects
the structural behaviour of the pavements – either rigid or flexible. It is permissible to add a note stating
that the pavement is composite, but in application only the rating type (“R” or “F”) is utilized in the
assessment of the pavement capability. Pavements having gravel, compacted earth or unpaved, laterite,
coral, etc. surfaces are classified as flexible for reporting, and therefore should be rated with a PCN
having a pavement code “F”.
The tire pressure limits were recently revised to accommodate the tire pressures of modern aircraft. The
results of two independent series of full-scale tests showed that increasing tire pressure from 1.5 MPa to
1.75 MPa to did not adversely affect pavement rutting to any significant degree at HMA temperatures
representative for airport operations in hot and temperate climates. The rutting as measured in the tests
had no effect on the structural capacity of the lower layers of the pavement structures. That is, the life of
the pavements would not have been decreased as a consequence of increasing tire pressure. The result of
an ACI survey of pavement condition at worldwide airports in all climatic regions support the conclusions
of the full-scale tests. The Pavement Study Group of the ICAOs Aerodromes Panel in 2010 reached a
consensus that tire pressure categories could be formally and permanently changed to be more consistent
with the tire pressures of current and future aircraft without affecting the performance of airfield studies.
Table 4. New tire pressure categories and designations (Ref. 45)
Tire Pressure
Category
W
X
Y
Z

Former ICAO designations and limits

Revised ICAO designations and limits

High: no pressure limit
Medium: pressure limited to 1.50 MPa
Low: pressure limited to 1.00 MPa
Very low: pressure limited to 0.50 MPa

Unlimited
High: pressure limited to 1.75 MPa
Medium: pressure limited to 1.25 MPa
Low: pressure limited to 0.50 MPa

The new tire pressure categories motivated CROW to undertake a study ‘Tire pressure effects on airfield
pavement’. The study reported in Ref. 46 indicated that high shear stresses, exerted by high tire pressures
and wheel loads, can cause top-down induced surface cracking.
Based on the VEROAD (Viscoelastic road analysis Delft; Ref. 47) calculations and fundamental theory of
elasticity for circular loads on an isotropic half space, an analytical model has been developed to
determine the risk of tire induced surface cracking as a function of the tire pressure and the shear stress.
The model shows that tire induced surface cracking is solely a material strength issue. The MohrCoulomb criterion was used as the failure criterion. Although the analytical model requires validation on
some issues, high loads and/or tire pressures exerted in turnings, or exerted during push back operations
or at slow speed, can cause surface cracking. However, the new high tire pressure category does not likely
result in surface cracking for aircraft taxiing at normal speed along continuous straight stretches of airport
pavement.
2.4

Aircraft overloads beyond published limits and ICAOs overload guidance

In the life of a pavement, it is possible that either the current or future traffic will load the pavement in
such a manner that the assigned PCN rating is exceeded. Loads larger than the original design or as-built
evaluated load may shorten the pavement service life, while smaller loads will usually have a minimal
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effect on pavement deterioration. Aircraft with load ratings greater than the reported pavement load
ratings may still be allowed to use the pavement subject to the approval of the airport operating authority.
Pavements if overloaded beyond their original design strength can deteriorate very quickly leading to
both FOD and roughness safety problems for aircraft. According to clause 19.1 'Overload operations' of
ICAO Annex 14, occasional movements (5 per cent) by aircraft on flexible pavements with ACN values
no more than 10 per cent above the reported PCN should not adversely affect the pavement. For rigid
pavement types, the ACN should not exceed the reported PCN by 5 per cent. Overloads beyond these
limits should be based on the results of a detailed engineering study that compares the individual aircraft
load to the structural capability of the pavement. The implications of allowing overload operations should
be fully understood by the airport authority in terms of the accelerated structural deterioration and the
reduction in pavement service life which may occur. When overloads are allowed, the pavement should
be inspected regularly by the airport authority to ensure that unacceptable structural damage is not taking
place.
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3

PCN calculation procedure

Generally, pavement strength evaluation involves making a comparison of the structural loading effect of
an aircraft on a pavement to the structural ability of the pavement to support the imposed load. Inverse
pavement design is the basis for the PCN assessment in this Guideline. This concept is generally used for
the structural design of pavement systems in the Netherlands. The requirement to understand pavement
performance has resulted in a demand for accurate site testing systems that will allow accurate prediction
of pavement performance. However, information on how to evaluate an in-service airport pavement and
to assess a pavement model is not discussed in this document, but can be found elsewhere (see Refs. 4,
14, and 15). In order to appreciate the procedure presented and its pavement models used, a brief
introduction regarding design concepts is thought necessary.
3.1

Strength evaluation equipment and methods

Aerodrome regulatory standards respecting pavement strength require that the "pavement strength shall
be determined" by the airport operating authority. For the most part, the strength evaluation test methods,
equipment and test frequency can be selected by the airport authority to meet site specific needs. A
variety of strength testing equipment and methods (both static and dynamic) are available for strength
measurement and evaluation – but, for best results, it is important to choose equipment and methods
which are as consistent as possible with the original pavement strength design methods.
The Guideline uses an established and industry recognized engineering method appropriate to the
pavement construction type to determine the structural capability of a pavement to support proposed
aircraft loads and traffic levels. The strength determination method should rely on the results of in-situ
pavement strength tests combined with a knowledge of the thickness and strength properties of the
various material layers comprising the pavement structure. Linear elastic analysis is the basis to compare
the structural loading effect to the structural ability to support the imposed loads.
The bearing strength of airfield pavements should be determined by a professional engineer or
engineering consulting firm experienced in the measurement and analysis of the bearing strength of
airfield pavements, in determining their ability to support aircraft loads, and in assessing the effect that
aircraft loads are likely to have on the future structural performance and condition of the pavement.
3.2

Design concept

It is now widely recognized that the US Corps of Engineers’ CBR method cannot adequately compute or
predict pavement damage caused by new large aircraft. Layered elastic design was first introduced in the
late 1960’s and is quite common in Europe nowadays. It is because of the complexities of structural
behaviour and material properties that empirical procedures have endured for so long in pavement
engineering.
However, with the knowledge now available from research, mechanistic-empirical procedures based on
layered elastic design can be applied to asphalt and rigid pavements. Following the load input into the
model, the stresses and strains are calculated at the design positions. For flexible pavements these are at
the bottom of the bituminous layer (fatigue cracking), the top of the subgrade (rutting) and in a cement
bound base at the bottom of this layer (reflective cracking). For concrete pavements the edge-loading
position is critical. Stresses and strains are calculated at the edge position using Westergaard
incorporating temperature induced stresses and the measured load transfer. By means of fatigue
relationships or transfer functions the (residual) allowable number of standard axles and thus the residual
pavement lives are calculated. Accumulation of the damaging effects of the number of load repetitions is
made on the basis of Miner's damage hypothesis for all pavement materials, i.e. concrete, flexible layers,
foundation sub-base layers and subgrade.
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3.3

Pavement characterization

The rigid pavement is to be modelled as a slab on-grade system. The Pasternak foundation was chosen as
an attractive alternative for the classical Winkler foundation. The introduction of a horizontal linkage,
Pasternak's shear constant, in Winkler's model is a remedy for the discrepancies between Westergaard's
theory and the multilayer theory, while the great advantages of Westergaard's model (edge and corner
loading) are maintained (for G=0, one obtains a classical Winkler foundation). Multiple loads can be
placed anywhere on the slab. The closed form mathematical solving technique allows the use of n-number
of loads, overcoming the ESWL concept which can be considered as one of the major drawbacks of the
Westergaard model.
The multi-layer model to use is a classical linear elastic Burmister multi-layered structure. The layers are
isotropic except for the bottom layer where anisotropy is addressed by different moduli in the horizontal
and vertical direction. The interface between two adjacent layers can be varied between full friction to full
slip using the BISAR or WESLAY definition.
3.4

Material characterization

To tie the life of a pavement to the computed stress or strain response, mechanistic-empirical data are
required to predict the load-carrying capacity. Like other structural materials, pavement materials are
subject to the effects of fatigue. Fatigue failure induced by traffic load repetitions and temperature
variations is one of the basic structural distresses which affect performance of pavements. Performance
models are either derived from laboratory testing or are based on calibrated field data. It is important to
use an appropriate transfer function so that the predicted distress can match with field applications.
Mechanistic-empirical calibration can be done by using calibrated transfer functions which relate critical
stresses and strains in a multi-layered pavement structure to an allowable number or load repetitions.
The Guideline presents a number of test methods to assess in a standardized manner, the material and
fatigue transfer functions to be used for PCN evaluation in the Netherlands:
- Appendix 1 presents the properties of bituminous materials and presents an estimation method for the
determination of fatigue properties of asphalt using simple laboratory tests (Ref. 16);
- Appendix 2 presents the properties of cement concrete according to Dutch Standards (Ref. 17 to 21);
- Appendix 3 gives properties of bound and unbound materials and different subgrades as encountered
in the Netherlands (Ref. 22 and 23).
The statistical reliability of material properties in the PCN evaluation must be reported (see Appendix 5).
The airport authority decides which statistical level of a certain parameter is to be used. Like a
conventional design, it is possible to take characteristic values and typical relationships for material
strengths and properties, to assign an adequate safe PCN. However, true probabilistic techniques such as
Rosenblueth provide insight in the sensitivity of parameter deviations. In a probabilistic method each
design factor is assigned a mean and a variance. Furthermore, the level of reliability can be increased as
the volume of traffic or functional availability of the pavement infrastructure is more critical.
This Guideline may also be used by others, provided that they use the characteristics of their road
construction materials. The listed test methods presented in the Appendices comply to the European
Standards published by the Comité Européen de Normalisation (CEN). European Standards have been
prepared by Technical Bodies of CEN. Concrete and related products have been the subject of Technical
Committee 104. European Standards on ‘Road Materials’ have been prepared by the Technical
Committee CEN/TC 227 and its ad-hoc committee on ‘Airport Pavements’. Several Standards have been
ratified and published, others are under development. An updated list of European Standards and the
current status of projects can be found at www.cenorm.be (Ref. 28) and www.nen.nl. According to the
CEN/CENELEC International Regulations, the national standard organizations of the following countries
are bound to implement European Standards: Austria, Belgium, Czech Republic, Denmark, Finland,
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France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland and the United Kingdom.
3.5

Reporting PCN and submission to CAA

The assigned PCN depends on the structural strength and fatigue life of the pavement. The assigned PCN
is in fact the allowable ACN load representing the actual traffic mix that consumes the pavement life in a
defined number of years. In this perspective, the pavement design life is also a parameter influencing the
PCN. Pavements with the same bearing strength can be assigned a large PCN with respective small
design life, but can also be assigned a small PCN with consequently a higher design life.
Since the assignment of PCN is largely a business decision, an airport authority should also report the
pavement life to a regulating CAA. It is suggested to take a period of time of at least 10 years as a
minimum period to (re)calculate a PCN. During this period of time the PCN is fixed. Should during this
period significant changes in aircraft traffic (fleet mix and frequency) or aircraft load (new large aircraft)
occur, it is recommended to re-calculate and to submit a revised PCN to the CAA (see § 3.8 and the
worked examples given in § 3.9).
At the submission of the PCN to the regulating CAA, the airport must also provide the underlying
structural pavement data and assumptions. Appendix 5 presents data sheets to submit a PCN application.
Amongst other the following items should accompany the submission:
- Designation of pavement;
- PCN-evaluation life;
- Pavement and material data, a.o. the structural pavement break-down, the material properties,
fatigue transfer function, critical pavement layer, subgrade strength;
- Load data: ACN data of aircraft, Details of fleet mix (frequency and aircraft type), Critical
aircraft;
- PCN value and code.
3.6

Pavement strength review and update

The bearing strength of a pavement should be reviewed and re-determined when the structural
composition and/or properties of the pavement change as a result of new or restorative construction (such
as an overlay/reconstruction), when new large aircraft enter the fleet mix or when significant change in
the structural condition of the pavement occurs.
As a minimum the bearing strength of a pavement should be reviewed, re-affirmed or re-determined as
appropriate at least once every ten (10) years. As part of the review process, consideration should be
given to re-testing the strength of all or selected pavements at the airport. If the review results indicate
that pavement strength values have changed, the airport authority should make the appropriate revisions
to the PCN codes reported in the AIP manual.
3.7

Standard survey program for flexible and rigid pavement

The Guideline does not dictate a field survey comprising of deflection measurements, coring and material
testing, however, the survey programme described in Appendix 6 is practised in the Netherlands and
complies with the Guideline.
3.8

PCN procedure for technical evaluation of flexible and rigid pavements

The PCN method presented is known as the Technical evaluation method, and requires knowledge of the
pavement and its traffic, as well as a basic understanding of engineering methods that are used in
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pavement evaluation in order to be successfully implemented. PCN assignment is related to the analytical
pavement design methodology. Inverse pavement design is the basis for PCN assessment.
All of the factors that contribute towards pavement analysis, such as existing and forecasted traffic,
aircraft characteristics, pavement design parameters, and engineering experience are applied in arriving at
a PCN based on this method. The Guideline can be used to evaluate rigid and flexible pavement for PCN
in three situations:
1. In a design situation, based on the parameters and material properties as used to design the pavement;
2. In an as-built situation, based on the properties and layer thickness’ of the newly constructed layers;
3. For an in-service pavement, which are already subjected to traffic.
The PCN evaluation methodology is similar for these situations. In case of a pavement design, the PCN is
evaluated based on the design assumptions used to calculate the (initial) pavement life. A newly
constructed pavement can also be evaluated just after completion of the construction works. In this case,
the strength determination method best relies on the results of in-situ pavement strength tests combined
with a knowledge of the thickness and strength properties of the various material layers comprising the
pavement structure. Appendices 1 to 3 are helpful to derive the material properties. In case of an in
service pavement, the strength is assessed in a similar manner. However, the past traffic is deducted from
the initial pavement life.
The PCN method presented herein is appropriate to the pavement construction type to determine the
structural capability of a pavement to support proposed aircraft loads and traffic levels. The PCN
numerical value for a particular pavement is determined from the allowable load-carrying capacity of the
pavement. Once the allowable load is established, the determination of the PCN value is a process of
converting that load to a standard relative value. The allowable load to use is the maximum allowable
load of the most critical aircraft that can use the pavement for the number of equivalent passes expected
to be applied for the remaining life.
A summary list of the steps to follow in a PCN assignment of flexible and rigid pavement is given below.
These steps can also be recognized in the worked examples presented in § 3.9.
1. General:
- Select the PCN-pavement life course to use up the structural capacity of the pavement.
An assigned PCN indicates that the pavement can bear the forecasted aircraft and frequencies
without weight restrictions. However, every aircraft consumes a little of the structural pavement
capacity or structural life. By definition, the PCN is the ACN load of the critical aircraft that
consumes the total structural pavement life in a certain period of time. Hence, the selected period
of time (called ‘the PCN pavement life course’) and the forecasted traffic that wears out
(consumes) the pavement are input parameters in the PCN calculation. Note that the PCN
pavement life course can differ from the pavement design life.
2. Pavement structure:
- Assess the pavement structure in terms of constructed thickness, elastic moduli and Poisson
ratios.
The bearing capacity is derived from the characteristics of the pavement structure .The pavement
is broken down into distinct layers and subgrade with structural parameters (Young’s modulus,
Poisson ratio and thickness). The appendices give material and performance properties. The
characteristics used, must be reported in the PCN Reporting Form (see Appendix 4).
3. Paved materials:
- Determine the pavement’s layer fatigue properties, including subgrade CBR.
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A pavement deteriorates gradually. Like other materials, pavements materials and subgrade are
subject to fatigue. In an analytical design approach every aircraft pass consumes a bit of the
structural pavement life. The end of the structural life is reached when the accumulated Miner
pavement damage is 1.0. The fatigue deterioration per pass is calculated using strength based
and performance related transfer or fatigue functions. Appendix 1 to 3 present material
characteristics as well as test methods in use in the Netherlands to determine the strength and
fatigue properties of road building materials.
4. Aircraft traffic:
- Determine the traffic volume in terms of type of aircraft and number of past and future operations
of each aircraft that the pavement had and will experienced over its PCN pavement life course;
- Look up or calculate the ACNs of the aircraft at its Operating Empty Weight (OEW) and at
Maximum Take-Off Weight (MTOW);
- Determine the degree of lateral wander for the pavement under consideration;
- Determine the critical pavement layer i.e. the constructed layer with the lowest bearing capacity
or highest damage factor;
- Determine the critical aircraft of the forecasted fleet mix in terms of structural damage by simply
taking the aircraft with the highest ACN or by determining the damage factors by means of
calculation. A damage factor is the reciprocal value of the allowable number of allowable aircraft
passes. The ACNs at OEW and MTOW of that so-called critical aircraft are to be used in the
PCN evaluation.
The PCN is based on the actual fleet mix that uses the pavement. Lateral wander has a positive
influence on the pavement life. Wander effects are addressed with a normalized beta-distribution.
The degree of the lateral wander depends on the type of pavement, aircraft mode and width of the
pavement (see Table 7 Lateral Wander according to HoSang (Ref. 39)). Using a linear elastic
program for flexible pavement or a plate model for a rigid pavement, the critical pavement layer
(having the highest Miner damage of all pavement layers and subgrade) and the critical aircraft
(i.e. the aircraft with the highest damage factor) are easily discerned.
5. PCN assessment: pavement life and PCN calculation
- Calculate the accumulated pavement damage in terms of Palmgren-Miner due to the forecasted
fleet (incl. wander and for the PCN pavement life course).
- Compute the Allowable Gross Weight (AGW) of the critical aircraft by varying the load of the
undercarriage of the critical aircraft resulting in the same Miner damage as computed in the
previous step;
- Once the allowable load (or weight) is established, the determination of the PCN value is a
process of converting that load to a standard relative damage value (i.e. ACN). Look up the ACN
using the published ACN data, and calculate the ACN of the critical aircraft at its allowable
maximum weight;
- Assign the ACN of the critical aircraft at the allowable maximum weight to be the PCN of the
pavement. Should the PCN exceed the ACN of the critical aircraft, the PCN life course can either
be prolonged or limited to the ACN value of the critical aircraft.
The PCN numerical value for a particular pavement is determined from the allowable loadcarrying capacity of the pavement. The PCN is defined as the ACN value of the critical aircraft
operating with an AGW, that consumes the PCN pavement life.
The steps are explained in full detail in the worked examples given in § 3.9.
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Should the above mentioned procedure be repeated for different PCN pavement lives (with the
corresponding fleet to use the pavement), one can draw up a graph such as is presented in Figure 1. The
presented procedure merely produces one point in the graph. The relationship between pavement life and
usage can be depicted in the left part of the graph, whereas the right part presents the PCN and structural
life relationship. Although the graph is not mandatory, it can assist the airport authorities to make a
decision on PCN assignment in support of their business plan.

Number
of
movements

Structural
pavement
life
(movements)

No. of years

PCN

Figure 1. PCN as a function of the desired pavement life

3.9
3.9.1

Worked examples
Units

The S.I. system is used in the worked examples. The basic unit of stress, modulus of elasticity and
stiffness is the Pascal (Pa) which is 1 N/m2: 1 kPa = 1 x 103 N/m2, 1 MPa = 1 x 106 N/m2, 1 GPa = 1 x 109
N/m2. All strains are quoted in micro-strain, 1 micro-strain = 1 x 10-6 strain. Strain terms in all equations
involve logarithmic terms. In all cases, these are to base 10.
3.9.2

Computer programs used to demonstrate the PCN assignment

The PCN assignment requires the use of a layered elastic program. Public freeware and commercial
layered elastic programs for pavement design are largely available: a/o NLAYER, NOAH, JULEA,
BISAR, WESLEA, ELSYM5, CIRCLY, SPDM, UECSLAB, PAVERS, FEDFAA, LEDFAA,
KENPAVE, APSDS etc, etc, not to mention the huge number of Finite Element programs that are
available. Some are special purpose airport pavement design programs (FAIRFIELD
www.airporttech.tc.faa.gov, PCN-module of ELMOD www.dynatest.com, PCASE www.pcase.com,
APSDS www.mincad.com.au, UECSLAB www.crow.nl, and PAVERS www.pavers.nl), others are
general purpose linear elastic design programs for calculating pavement response due to loads. The
aforementioned programs must be considered expert tools, which allow the engineer to assign elastic
properties to various pavement layers and use or define calibrated failure criteria for all pavement
materials.
CROW has compiled a list of special purpose airport pavement design programs available (Ref. 3). This
list is presented in Table 5. Please note that not all programs are suitable to use for the PCN assignment in
compliance with this Guideline.
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Table 5. Overview of capabilities of airport pavement software
Design theory
Conventional Design
- CBR-method
- Classical Westergaard
- PCN assessment1, 2)
Linear Elastic Design
- Flexible multi-layer
- Westergaard equation (rigid)
- Rigid slab model4)
- Rigid multi-slab model4)
- Traffic library
- Fatigue function library
- Back-calculation FWD data
- Lateral wander
flexible - P/C-ratio
- Distribution
rigid
- P/LR-ratio
- Distribution
- PCN assessment

UEC-Slab PAVERS®

FAARFIELD

ELMOD

PCASE

APSDS

-

+3)

+
+
+

-

+
-

+
-

+
+5)
+
-

+
+
+
+
+

+
+
+
+

+
+
+
-

+
+
+
+
+

+
+
+
+
+
+
+

+
-

+
+
+
-

+
+
+

+
-

+
+

+
+
+

1)

ICAO ACN program based on S-77-1 (Ref. 30).
ICAO ACN program based on PCAs PDILB program (Ref. 31).
3)
PCN is a optional module to ELMOD that uses the data files from Dynatest FWD/HWD equipment to calculate
ACN/PCN values based on the ACN methods used by ICAO.
4)
Dr. Frans Van Cauwelaert has developed closed form solutions for the classical Westergaard formulae (Ref. 37).
The rigid slab and multi-slab allow multiple loads on any location on a concrete slab (unlike the Westergaard
equations).
5)
FAARFIELD 1.302 replaced the previous version that accompanied Draft AC 150/5320-6E. The FAARFIELD
program became the FAA standard for airfield pavement design upon publication of AC 150/5320-6E, which
required the use of the FAARFIELD program. The rigid model uses NIKE-3D finite element code.
2)

The Dutch Guideline requires the use of specific software capable of linear elastic analysis (LEA) using
flexible multi layer and rigid multi-layer design theories. For asphalt pavements only APSDS and Pavers®
qualify, since they use a layered elastic Burmister model as the programs engine. For rigid pavements,
only Pavers® has implemented a multi-layered rigid pavement model. The latter is a necessity when
assessing PCN for pavements with a stabilized base. FAA recommends the use of cemented bases when
aircraft with an operating mass over 45 tons use the pavement.
It must be mentioned that neither CROW nor Dutch CAA endorse the use of certain software products.
For demonstration purposes only, the examples contained herein are made with the software tool Pavers®.
However, Appendix 4 contains a worked example of a flexible pavement with APSDS.
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APSDS: Airport Pavement Structural Design System
A major research project has been conducted in Australia in the 1990’s to overcome some of the
limitations of current airport pavement flexible design systems. This has culminated in the development
of APSDS (Airport Pavement Structural Design System), a propriety computer program based on layered
elastic analysis (Ref. 24). One of its unique features is that it rationally takes account of aircraft wander.
This is the statistical variation of the paths taken by successive aircraft relative to runway or taxiway
centre lines, or to the lead-in lines to parking positions. Increased wander reduces pavement damage by
different amounts that depend upon pavement thickness. This treatment of aircraft wander is more
realistic than methods that are based on the simplified 'coverage' concept. Its method for dealing with
aircraft wander meant that the 'pass-to-cover ratio' was no longer required. The user can define his fatigue
transfer functions in the design of flexible pavement. APSDS is not suitable for concrete pavement
design, nor is fit for FWD based flexible or concrete pavement evaluations.
PAVERS®: PAVement Evaluation and Reporting Strength
Pavers® (Ref. 25) was initially developed as part of the airport pavement evaluation methodology of the
Dutch Ministry of Defence (Ref. 4). The developers are Dr. F. Van Cauwelaert, H.P.M. Thewessen and
M.J.A. Stet who teamed up, improved and extended several models (Ref. 32 to 37), built a tool-kit and
implemented them in the latest versions of Pavers®. The program and its models are propriety of its
developers. The tool was created to give pavement specialists a definite tool for the structural design and
evaluation of road, airport and industrial rigid and flexible pavements. The tool does not dictate a certain
design methodology, but allows the pavement engineer to define or use calibrated failure criteria for all
pavement materials. If fatigue relationships exist of these materials, then this information can be entered
quite smoothly into one of the program’s subroutines. Hence, the effect of different pavement materials,
strengths, loads or complex load mixes can quickly be explored.
The program is capable to support the Dutch Guidelines for PCN assignment in full. The program
contains a linear elastic multi layered model, which allows for the assessment and design of flexible
pavement. The layers are isotropic except for the bottom layer where anisotropy is addressed by different
moduli in the horizontal and vertical direction. The interface between two adjacent layers can be varied
between full friction to full slip using the BISAR or Van Cauwelaert’s WESLAY definition. Pavers® uses
closed form integral solutions to model a concrete multi slab-on-grade as a classical Westergaard slab on
a Pasternak foundation. This model overcomes the classical discrepancy between the WestergaardWinkler (joints) model and the layered elastic Burmister model (no joints). By using closed formed
solutions, it is possible to calculate the response of multiple loads placed at random positions on a slab,
thus overcoming the ESWL and pass-to-load repetition ratio concept for rigid pavements.
Both Pavers® and APSDS rationally take into account variable lateral aircraft wander for flexible
pavements, which is believed to be more realistic than the pass-to-coverage (p/c) ratio for flexible
pavements or the pass-to-load repletion (p/lr) ratio for rigid pavements. The unique rigid model code of
Pavers® allows to deal with aircraft wander for rigid pavement, eliminating the pass-to-load repetition
concept.
3.9.3

Technical evaluation of a flexible pavement

A flexible runway pavement of a width of 60 meters comprises of a 270 mm thick asphalt layer resting on
a 350 mm thick cement treated base layer. The pavement is newly constructed. The fleet comprises of a
total of eight narrow and wide bodied aircraft ranging from B727-200 to B777-200. The departure level is
15.400 per annum, resulting in total of 308.000 movements in a 20-year pavement course.
This example explains the PCN calculation procedure in a step by step manner. The procedure is
demonstrated using the summarised list of steps presented earlier. The evaluator’s input is printed in blue.
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1. General:
- Select the PCN life course to use up the structural capacity of the pavement: 20 years
2. Pavement Structure:
- Assess the pavement structure in terms of constructed thickness, elastic moduli and Poisson
ratios. The material properties to use are listed in appendix 1 to 3.
Layer
Asphalt
Cement Treated Base
Subgrade

Thickness
(mm)
220
400


Poisson’s
constant
0.35
0.20
0.35

Stiffness
(MPa)
7,500
10,000
85

3. Paved Materials:
- Determine the pavement’s layer fatigue properties, including those of the subgrade CBR and
pavement thickness.
The asphalt is characterised as a S78/F78, having a stiffness of 7,500 MPa and a F-78 fatigue
behaviour (refer to appendix 1). The transfer function for asphalt is:
logN asph   27.676  7.327logS mix   0.769log2 S mix   5.351log r 
The cement treated base has a compressive strength of 10.0 MPa. The flexural strength is
2.00 MPa. The fatigue transfer function of CTB has a reliability level of 85% (see appendix 3):
  bt 

logN bt   11.782  12.120

 f bt 

The fatigue transfer function of the subgrade is the APSDS-relation (derived from interpreting
NAPT-tests; see appendix 3):
logN s   25.305  7.140 log z 
The parameters in the formulas are explained in the appendices. The CBR is derived from the
stiffness of the subgrade using the rule of thumb: CBR = Stiffness x 0.10 = 8%. A CBR of 8%
indicates a medium subgrade strength i.e. subgrade category ‘B’ (see Table 1).
4. Aircraft traffic:
- Determine the traffic volume in terms of type of aircraft, and number of future operations of each
aircraft that the pavement will experience over its PCN pavement life course;
- Look up or calculate the ACNs of the aircraft at its operating empty (OEW) and maximum
weight and at maximum take-off weight (MTOW);
Table 6. Technical evaluation critical airplane determination
Airplane

B727-200 Adv
B737-300
A319-100
B747-400
B767-300ER
DC8-63/73
MD-11
B777-200

Annual
Departures
400
6,000
1,200
4,500
2,000
800
1,500
300

Operating weight
(kg)
MTOW
OEW
86,636
44,347
61,462
32,904
64,000
40,100
395,987
178,459
172,819
87,926
162,386
72,002
274,650
127,000
288,031
138,346
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ACN Flexible
Subgrade category B
MTOW
OEW
50 FB
22 FB
33 FB
16 FB
36 FB
19 FB
64 FB
22 FB
53 FB
22 FB
59 FB
19 FB
74 FB
26 FB
54 FB
20 FB

Tire
pressure
(MPa)
1.06
1.34
1.31
1.41
1.31
1.34
1.45
1.51

23

-

Determine the degree of lateral wander for the pavement. According to HoSang (Ref. 39) the
following wander factors occur:
Table 7 Lateral Wander according to HoSang (Ref. 39)
Pavement

Std. Deviation
Recommended
(mm)
value (mm)
Runway
60.0
Landing
2,700 – 3,400
3,000
Take-off
2,300 – 2,500
2,400
45.0
Landing
2,100 – 3,100
2,600
Take-off
1,800 – 2,500
2,400
Taxiway
30.5
Taxi
1,800
1,800
22.8
Taxi
760 – 1,200
1,000
The take-off mode is more critical than the landing mode. Therefore, the lateral wander for the
runway pavement is 2,400 mm.
-

Width (m)

Mode

Determine the critical pavement layer i.e. the constructed layer with the lowest bearing capacity
or highest damage factor.

Figure 2. Calculating the structural pavement life to discern the critical pavement layer
The critical pavement layer is the Cement Treated Base. Including a lateral wander of 2400 mm,
the Miner sum after 20 years will be 0.5099 or 51,0%.
It can also be depicted that the asphalt layer and the subgrade hardly suffer from strain related
fatigue damage. The damage is graphically presented in Figure 3.
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Figure 2. Graphical presentation of the damage across the pavement section
-

The critical aircraft in the PCN-evaluation is the aircraft with the highest ACN at MTOW. The
ACNs at OEW and MTOW of the critical aircraft are to be used in the PCN evaluation.
Alternatively, one may also determine it by calculating the damage factors of all aircraft in the
forecasted fleet mix. Damage factors are to be calculated based on a single pass of the aircraft.

Figure 3. Determining the critical aircraft for fleet mix under consideration (incl. wander)
The critical aircraft is the MD-11, having ACNs of 74 and 26 for subgrade category B (see Table
6).
5. PCN Assessment: pavement life and PCN calculation:
- Convert the fleet mix into a number of movements of the critical aircraft resulting in the same
Miner damage. Use this number to calculate the PCN of the pavement.
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Figure 4. Calculating the allowable load repetitions of the critical aircraft (MD-11)
Calculate the allowable number of MD-11 movements resulting in a total Miner damage of
51.0%. As can be depicted from Figure 5, a total of 16,563 MD-11 movements are allowable for
the pavement under consideration, consuming the total pavement structural life. However, during
the 20 year pavement course, the accumulated Miner damage is 51.0%. Hence, the number of
MD-11 movements is 0.51 times 16,563 resulting in a total of 8,447 MD-11 movements.
-

Calculate the allowable ACN load of the critical aircraft by varying the gross weight of the
aircraft until the same Miner damage is gained during the PCN life course.

Figure 5. Calculating PCN
The pavement can sustain an Allowable Gross Weight of 107.6 % compared to its MTOW,
equalling a weight of 295.577 kg.
-

Calculate the corresponding ACN that refers to the allowable mass using the published ACN data
of the critical aircraft.
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The ACN data of an MD-11 are 26 at an OEW of 1,270 kN and 74 at a MTOW of 2,747 kN.
The ACN at an allowable load of 2,956 kN (107.6 times 2,747 kN), the ACN is 78.
-

Assign this ACN as being equal to the pavements PCN. Should the PCN be higher than the ACN
of the critical aircraft, the PCN life course can either be prolonged or limited to this ACN value.
Should the PCN be smaller than the required ACN of the critical aircraft, either a smaller PCN
life course should be selected or the pavement must be strengthened to meet the requirements.
The PCN reporting format is 78 F/B/W/T. To report the results of the PCN evaluation to the
CAA, the reporting form in Appendix 5 must be filled in. Note that the airport authorities may
decide to report a PCN of 74, being equal to the maximum ACN of the aircraft using the
pavement.

Note that the airport can accept aircraft having ACN that exceeds the reported PCN:
One may append clause 19.1 ‘Overload Operation’ of ICAO Annex 14. Occasional movements
on flexible pavement are allowed, if the ACN does not exceed the reported PCN by 10%.
Secondly, the airport can decrease the PCN evaluation or structural life in order to report a higher
PCN. The airport may can also decide to download the operating mass to match the ACN to the
reported PCN.
3.9.4

Technical evaluation of a rigid pavement

A rigid runway pavement of a width of 60 meters comprises of a 320 mm thick concrete layer resting on a
300 mm thick crushed concrete base layer (in Dutch: betongranulaat). The pavement is newly
constructed. The fleet comprises of a total of eight narrow and wide bodied aircraft ranging from B727200 to B777-200. The departure level is 15.400 per annum, resulting in total of 462.000 movements in a
30-year pavement course.
The example explains the PCN calculation procedure in a step by step manner. The procedure is
demonstrated using the summarised list of steps presented in § 3.8. The user input and the calculations are
printed in blue.
1. General:
- Select the PCN life course to use up the structural capacity of the pavement: 30 years.
2. Pavement structure:
- Assess the pavement structure in terms of constructed thickness, elastic moduli and Poisson
ratios. The material properties to use are listed in appendix 2 and 3.

-

Thickness
(mm)
Cement concrete C35/45
320
Betongranulaat
300
Subgrade

The modulus of subgrade reaction is 0.10 MPa/mm

Poisson’s
constant
0.15
0.35
0.35

Stiffness
(MPa)
33,500
800
60

3. Paved Materials:
- Determine the pavement’s layer fatigue properties, including those of the subgrade CBR and
pavement thickness.
The average flexural concrete strength of concrete under dynamic loading can be estimated from the
28-day compressive strength (Ref. 17):
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All parameters are explained in appendix 2. The 28-day flexural strength value is 5.13 MPa.
The design concept of plain concrete is to limit the stresses induced by traffic and temperature to such
an extend that the desired number of load repetitions can be permitted. In the Netherlands the
behaviour under repetitive loading is expressed in the following relationship (Ref. 15):



12.903 0.995  max
f br

log N f 

1.000  0.7525 min
f br



 with boundaries of 0.50   max  0.833
f br

The load transfer is set at 70% (30 per cent of the load is
transferred to the adjacent slab). The spectrum of temperature
gradient is presented in Figure 7. The modulus of subgrade
reaction underneath the slab is 0.04 MPa/mm. This modulus
is upgraded to a value of 0.100 MPa/mm or 100 MN/m2/m
(formula are given in appendix 3).
Based on a modulus of subgrade support of 100 MN/m2/m,
the subgrade can be classified as a subgrade category ‘B’ i.e.
medium strength (see Table 1).
Figure 6. Spectrum of thermal gradients for a 320 mm
thick concrete slab
4. Aircraft traffic:
- Determine the traffic volume in terms of type of aircraft, and number of future operations of each
aircraft that the pavement will experienced over its PCN pavement life course;
- Look up or calculate the ACNs of the aircraft at its operating empty (OEW) and maximum
- weight and at maximum take-off weight (MTOW).
Table 8 Technical evaluation critical airplane determination
Airplane

B727-200
B737-300
A319-100
B747-400
B767-300ER
DC8-63/73
MD-11
B777-200
-

Annual
Departures
400
6,000
1,200
4,500
2,000
800
1,500
300

Operating weight
(kg)
MTOW
OEW
86,636
44,347
61,462
32,904
64,000
40,100
395,987
178,459
172,819
87,926
162,386
72,002
274,650
127,000
288,031
138,346

ACN Rigid
Subgrade category B
MTOW
OEW
54 RB
25 RB
39 RB
18 RB
40 RB
22 RB
63 RB
21 RB
51 RB
20 RB
60 RB
19 RB
66 RB
25 RB
63 RB
22 RB

Tire
pressure
(MPa)
1.06
1.34
1.31
1.41
1.31
1.34
1.45
1.51

Next, determine the critical aircraft of the forecasted fleet mix. This is the aircraft with the highest
ACNs i.e. relative damage.
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In this case the critical aircraft is the MD-11, having ACNs of 66 and 25 (see Table 8). The ACNs
at OEW and MTOW are to be used in the PCN evaluation.
-

Determine the degree of lateral wander for the pavement.
According to HoSang (Ref. 37) the wander factor is 2,400 mm (see Table 7).

-

As the concrete pavement is constructed over a granular base, the critical pavement layer is the
cement concrete layer itself. The first step is to determine which slab and joint are the most
heavily loaded ones. In Figure 7 it can be depicted that the second slab from the centre line is the
critical slab and the transverse joint is more trafficked than both the longitudinal joints.

Figure 7. Determination of the most heavily trafficked slab and joint
-

Calculate the pavement damage for the transverse edge.
The total fleet damage including lateral wander is 20,0 per cent (See Figure 8).

Figure 8. Calculating pavement damage
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5. PCN assessment: pavement life and PCN calculation:
- Convert the fleet mix into a number of MD-11 movements resulting in the same Miner damage.
Use this number to calculate the PCN of the pavement.
A number of 15,336 equivalent MD-11 movements will consume the total structural pavement
life (see Figure 9). However, during the 30 year pavement course, the accumulated Miner is only
20.0%. Hence, the number of equivalent MD-11 movements during the PCN course is 0.1997 x
15,336 = 3,062 movements excluding lateral wander.

Figure 9. Calculating the allowable number of load repetitions of a MD-11.
-

Calculate the allowable ACN load by varying the gross weight of the critical aircraft until the
same Miner damage is gained during the PCN life course.
Calculate the corresponding ACN that refers to the allowable mass using the published ACN data
of the critical aircraft;
Assign this ACN as being equal to the pavements PCN. Should the PCN be higher than the ACN
of the critical aircraft, the PCN life course can either be prolonged or limited to this ACN value.
Should the PCN be smaller than the required ACN of the critical aircraft, either a smaller PCN
life course should be selected or the pavement must be strengthened to meet the requirements.
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Figure 10. Calculating PCN
The PCN reporting format is 76 R/B/W/T.
Note that the transverse edge is critical. To report the results of the PCN evaluation to the CAA,
the reporting form in Appendix 5 must be filled in. Note that the airport authorities may decide to
report a PCN of 66 only, being equal to the maximum ACN of the aircraft using the pavement.
However, should the technical PCN have been lower the aircraft’s ACN, an airport authority has several
options:
- First one may use clause 19.1 ‘Overload Operation’ of ICAO Annex 14 to allow MD-11 aircraft
as occasional movements on rigid pavement by 5 per cent above the reported PCN.
- The second option is to download the aircraft to meet the desired ACN. Decreasing the pavement
PCN evaluation life has limited effect because of the nature of the cement concrete.
- Therefore, the last option is to rehabilitate the pavement and to construct a thicker slab.
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4

Closure

It is important to have an unambiguous, generally accepted methodology for computing pavement
damage, to allow airport operators and pavement engineers to adequately design and evaluate pavements
to accommodate new aircraft, and to allow airlines to anticipate airport pavement weight restrictions in
planning their operations and in deciding which aircraft to purchase. An established and industry
recognised engineering method appropriate to the pavement construction type should be used to
determine the structural capability or PCN of a pavement to support proposed aircraft loads and traffic
levels for the anticipated pavement life.
ICAO does not dictate a specific design method for PCN assignment. As a consequence PCNs can vary
depending on the evaluation method used. This Dutch Guideline provides guidance for the assignment of
the PCN of airport pavements. Several examples are given. The method does relate PCN to the structural
pavement life and the volume of traffic to be encountered. Hence, the PCN can function as a pavement
management tool, and its selection is largely a business decision by the airport authority. However, the
airport authority must also submit the underlying structural pavement data to the responsible CAA
according to a standardized format.
It should be borne in mind that, although this Guideline carefully describes layered elastic based PCN
procedures, pavement engineering skills are still required. This also implies that the bearing strength
should be determined by a professional engineer or engineering consulting firm experienced in the
analysis of the bearing strength of airfield pavements with a proper understanding of the (local) pavement
materials used, in determining their ability to support airport loads, and in assessing the effect that aircraft
loads are likely to have on the future performance and condition of the pavement.
This Guideline is intended for usage on civil airports in the Netherlands only. The Guideline presents an
uniform set of pavement transfer functions (performance models) and material characterization
(mechanical properties) are described and procedures to assess these properties are given. The transfer
functions presented herein are typical for Dutch construction materials and subgrades.
The elastic layer mechanistic/empirical methods/transfer functions are very adaptable to new criteria. For
example, it is not very difficult to add/remove/modify the standard criteria (fatigue relationships or
transfer functions). With the current emphasis and requirements for better design/evaluation methods at
NATO, a standard agreement could also be established based upon this Guideline.
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Appendix 1: Properties of bituminous materials
This appendix presents the characteristics of bituminous materials as currently in use in the Netherlands.
The deterministic properties of known asphalt types are given. Methods to estimate behaviour are also
presented.
Conventional properties
The mechanical properties of asphalt concrete are dependant of the load frequency and the temperature. For
a frequency of 8 Hz the following equation describes the relation between temperature and mix stiffness:



S mix  exp a0  a1T  a2T 2  a3T 3



Where:
Smix
= stiffness of asphalt (MPa);
T
= temperature (°C);
ai
= coefficient
The coefficients for different bituminous mixes in use in the Netherlands are presented in the table below.
For new pavement it is recommended to use the S78 characteristic. For base materials the S1-50 and S2-50
characteristic is appropriate. For dense materials with soft bitumen the S1-100 characteristic applies.
Table 9. Coefficients for Smix - T relationship asphalt concrete
acoefficient
0
1
2
3

S1-50
+9.5218
-4.4955 10-2
-3.3101 10-4
-1.2872 10-5

S2-50
+8.6704
-4.0909 10-2
-4.8816 10-4
-1.0009 10-5

S1-100
+9.2555
-4.7960 10-2
-1.0402 10-3
-1.3046 10-6

S2-100
+8.4149
-4.7887 10-2
-8.6692 10-4
-2.7496 10-6

S78
+9.7441
-2.7765 10-2
-6.7795 10-4
+1.5629 10-6

The stiffness in this table is applicable for a frequency of 8 Hz, i.e. for speeds up to approximately 80 km/h.
For slowly moving traffic (up to 15 km/h) the stiffness must be corrected to a frequency of 2 Hz. Usage can
be made of the following relation:
Cs
Ts 
 273
 Cs

 f mix 


 T  273   log f 


 w

Where:
Tw
= temperature for which the stiffness is calculated (°C);
Cs
= constant of 11242 (K);
Ts
= equivalent temperature (°C);
fmix
= frequency for which relation between temperature and mix stiffness applies (Hz), 8 or 2 Hz;
f
= reference frequency time (8 Hz).
Failure of the bituminous concrete due the cumulative effect of load repetitions can be estimated with help
of the following transfer function:

logN asph   C0  C1 logS mix   C 2 log 2 S mix   C3 log r 

Where:
Nasph = number of allowable load cycles to failure of asphalt concrete (in millions of cycles);
Smix
= stiffness of the mix at given temperature T (MPa);
r
= strain at bottom of asphalt layer (m/m);
C0-C3 = coefficients
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Coefficients for different fatigue characteristics (F) are presented in Table 10. It is recommended to use the
F78-characteristic for new pavements (Ref. 22). Please note that the fatigue characteristics are excluding a
healing factor, which is normally set at 4.0.
Table 10. Coefficients for failure of asphalt concrete
Coefficient
C0
C1
C2
C3
As per

F1
32.205
-8.140
0.857
-5.994
1978

F2
31.188
-10.294
1.299
-4.972
1978

F3
34.601
-11.528
1.398
-5.492
1982

F78
27.676
-7.327
0.769
-5.351
1980

Estimation of fatigue characteristics of as-built or in-service pavement
The stiffness and fatigue behaviour of in-service asphalt may also be determined from laboratory testing.
Medani and Molenaar proposed a simplified procedure for the estimation of fatigue characteristics of
asphalt mixes (Ref. 16). The estimation method may be used for polymer modified mixes too.
The procedure requires the determination of the so-called master curve (i.e. the relationship between the
mix stiffness, the loading time and the temperature, the asphalt properties and the mix composition). The
fatigue behaviour can be derived from rather simple tests, which can be performed with standard equipment
in any road engineering laboratory. The method focuses on the derivation of the parameters n and k of the
general fatigue relationship:

logN asph   log(k )  n log( r )

Where:
Nasph =
r
=
k, n
=

number of allowable load cycles to failure of asphalt concrete
strain at bottom of asphalt layer (m/m)
model and material parameters.

And log(k) is equal to C0 and n equals C3 in the general fatigue equation presented before.
The procedure requires the determination of the master curve by means of a frequency sweep test at
different frequencies and temperatures. The stiffness of interest is that at the weighed temperature (often set
at 20 C). Using linear regression analysis a function between the stiffness modulus and the loading time
can be assessed. The slope of this relation is:
d log S mix 
m
d (log t )
with:
m
=
slope of the master curve
Smix
=
stiffness modulus of the asphalt (MPa)
T
=
loading time (ms)
The next step is to determine the theoretical value of the slope of the fatigue transfer function:

nmas 

2
m

where nmas is the theoretical value of the slope of the fatigue transfer function. Since the theoretical value
conforms for an ideally visco-elastic material, the slope must be corrected for an asphalt mix.
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nmas
0.541  0.173nmas  0.03514Va
where nest is the estimates slope of the asphalt mix under consideration and Va is the volume percentage of
voids (% v/v).
nest 

The parameter k is calculated using:
V
3209
log k est   6.589  3.762nest 
 2.332 log Vb   0.149 b  0.928 PI  0.0721Tr &b
S mix
Va
Where:
kest
=
estimated value of intercept of fatigue function for mixture under consideration
nest
=
estimated value of slope of fatigue function for mixture under consideration
Smix
=
stiffness modulus of the asphalt (MPa)
Va
=
volume percentage of voids (% v/v)
Vb
=
volume percentage of bitumen (% v/v)
PI
=
penetration index (-)
Tr&b
=
temperature of ring and ball test
The estimation formulae have been developed for asphalt mixes of which the boundaries of the parameters
are given in the table below. The Poisson ratio for asphalt materials is 0.35.
Table 11. Properties of asphalt mixes used for estimating k and n
Parameter

Unit

Minimum

Maximum

Vb
Va
Vg
f
T
Tr&b
PI

% v/v
% v/v
% v/v
Hz
C
C
-

6.1
1.9
69
10
-10
+43
-1.5

19.3
30.9
88.1
50
+35
+79
-2.0

Fatigue characteristics based on CE-declaration of functional characteristics
In 2008 the European Standards for asphalt concrete have been introduced in the Netherlands. The
Marshall method for asphalt was replaced by the ‘Type Test’ procedure (NEN-EN 13108-20). The
approach is part of the procedure to obtain a CE-certificate for an asphalt mixture. A CE-certificate is
mandatory for the producers of asphalt concrete. In the Type Testing procedure, the mechanical properties
of the asphalt is determined with the aid of so-called functional tests. These tests have a clear relationship
with the practice common damage scenarios. The table below shows the Netherlands' functional tests. The
results of these tests can be used to characterize the fatigue performance of dense asphalt in a mechanicalempirical based (re)design of flexible pavements. The functional characteristics listed in Table 12 are
declared on the CE-marking. These characteristics have to be completed with the slope (n) of the fatigue
curve as -4.896 presented in the Type Test report. Healing of asphalt can also introduced in the calculation.
The approach is explained in Ref. 43.
Table 12. Functional characteristics of asphalt mixes declared on CE-marking dense asphalt concrete
Functional parameter

Test method

Standard

Stiffness
Fatigue resistance
Rutting
Water sensitivity

Four point bending
Four point bending
Triaxial testing
Indirect tensile test

NEN-EN 12697-26 (annex B)
NEN-EN 12697-24 (annex D)
NEN-EN 12697-25 (annex B)
NEN-EN 12697-12
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Appendix 2: Properties of cement concrete
The mechanical properties of Dutch cement concrete are presented in NEN 6720 and NEN-EN 206 & NEN
8005 (Refs. 18, 19 and 21). NEN 6720 is withdrawn, however, may b used in conjunction with the
Guideline. This appendix presents an excerpt of relevant deterministic properties.
Table 13 presents the structural parameters of several concrete classes. In this table is:
C x/y =
concrete class based on compressive 28-day cube strength /
compressive 28 day core strength (MPa)
f’ck
=
characteristic compressive strength of cube at 28 days (MPa)
f’b
=
calculation value of the compressive strength (MPa)
fb
=
calculation value of the tensile strength
fbm
=
average value for long-term tensile strength (MPa)
E’b
=
Dynamic Young’s modulus; E’b = 22,250 + 250f’ck (MPa)
Table 13. Properties of cement concrete acc. to NEN 6720/A3 (confidence level 95)
Concrete
class
C12/15
C20/25
C30/37
C35/45
C45/55
C55/67

f’ck

f’b

fb

fbm

E’b

15
25
37
45
55
67

9
15
22
27
33
40

0.90
1.15
1.45
1.65
1.90
2.20

1.8
2.3
2.9
3.3
3.8
4.4

26,000
28,500
31,500
33,500
36,000
39,000

Remark: For compressive strengths exceeding C55/67 reference is made to CUR-Aanbeveling 97 (Ref. 19)

The average flexural concrete strength of concrete under dynamic loading can be estimated from the
28-day compressive strength (Ref. 17):

f br  1.31.6  h1.05  0.05 f ' ck 8  /  m

Where:
fbr
=
h
=
f’ck
=
m
=

calculation value average flexural strength for dynamic loads at 28 days (MPa)
slab thickness (m)
compressive strength of cube at 28 days(MPa)
material factor for concrete under tension m = 1.2

Instead of using the 28-day strength, the user may also use the 90-day strength for airport evaluation
purposes. This value is 1,2 times the 28-day flexural strength.
The design concept of plain concrete is to limit the stresses induced by traffic and temperature to such an
extent that the desired number of load repetitions can be permitted. In the Netherlands the behaviour under
repetitive loading is expressed in the following relationship (Reliability level 50%; Ref. 15):



12.903 0.995  max
f br

log N f 

1.000  0.7525 min
f br
With:
Nf
σmax
σmin
fbr

=
=
=
=





with boundaries of 0.50 

 max
f br

 0.833

number of allowable load applications
σv + σt: load and temperature induced stress (N/mm2)
σt: temperature stress (N/mm2)
28-day average flexural strength for dynamic loads
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The maximum temperature gradient is calculated as: t max  0.095  0.00015h with h as slab thickness.
The gradient spectrum is a function of its slab thickness. In 58% of the loads the thermal gradient is either
negative or nil. De Backer presented a relation for the presence or duration of a positive thermal gradient:

%  0.39528 e
Where
%
=
tax =
i
=

 9.369i

t 2 max
0.065

percentage of the time that gradient t is present
maximum thermal gradient (°C/mm)
number of intervals with a positive gradient

The Poisson ratio of cement concrete is 0.15.

CROW-report D13-02 ‘Guideline on PCN Assignment in the Netherlands 2013ʼ, 2nd Edition

39

Appendix 3: Properties of base materials, sub-base materials and subgrades
Base materials
Knowledge on the strength and deformation characteristics of unbound base materials and natural sands is
extremely important in order to allow proper pavement designs to be made. Common practice however is
to estimate e.g. the resilient modulus of the subgrade from its CBR and to estimate the resilient modulus of
the sub-base and base from the subgrade modulus and the thickness of those layers. Such a procedure is of
course a very crude one because factors like angularity of the particles, gradation, degree of compaction,
moisture content and stress conditions in the sub-base and base are not taken into account. Therefore it is
highly recommended to determine the above mentioned characteristics by means of monotonic and
repeated load triaxial testing. Such tests however are relatively time consuming and costly and are therefore
considered as being not “user friendly” and in many cases one tries to avoid to do such tests and rather
relies on the CBR test.
Alternatively, the results of extensive PhD research by Huurman and Van Niekerk (Refs. 40 and 41)
performed at the Delft University can be used to estimate the fundamental properties of unbound base
materials and sands. By means of monotonic and repeated load triaxial tests on unbound base materials and
sands, it is possible to derive regression equations by which strength characteristics, like the cohesion c and
angle of internal friction φ, as well as the resilient and permanent deformation characteristics of these
materials can be estimated from parameters like gradation, VVS-angularity, degree of compaction etcetera.
Correlations exist for natural sand, masonry slag (menggranulaat) and concrete slag (betongranulaat).
1. By means of the equations presented in Ref. 42, it is possible to predict the first principal at failure at a
given level of confinement with a fairly high degree of accuracy for sands an recycled unbound granular
base materials.
2. It is possible to predict the resilient modulus of sands and recycled unbound granular base materials
with a fairly high degree of accuracy.
3. The relationships developed show a high dependency on material characteristics like gradation,
angularity of the particles and degree of compaction.
4. The relationships indicate that performance related specifications for the materials as investigated can
still be based on well known parameters which can easily be assessed in a short period of time and at
low costs.
5. The relationships allow a quick analysis of the consequences (in terms of pavement life and costs) of
using materials
Table 14 present engineering values of Young’s moduli of typical unbound base materials in use in the
Netherlands. The material type is deliberately referred to in Dutch.
Table 14 Elastic moduli of different unbound road base materials
Unbound stone base

Edyn,f [N/mm2]

Silex
Metselwerkgranulaat
Steenmengsels
LD-mengsel (staalslakken en hoogovenslakken)
Hydraulisch menggranulaat
Menggranulaat
Betongranulaat
Fosfor- en hoogovenslakkenmengsel (ongebonden)

225
1501)
2502)
350
600
400
800
400

Remarks: 1) Beperkt erosiebestendig
2) Natuurlijk gesteente, bv. kalksteen, porfier
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A strong base contributes to the bearing strength of the total pavement structure. The use of stabilised
materials is recommended by FAA when aircraft of over 45 tonnes operate on the pavement. Table 15
presents the elastic moduli of stabilised or bitumen bound road bases.
Table 15 Elastic moduli of different bound road base materials
Stabilised layer (Bound base material)

Edyn,f [N/mm2]

Cementgebonden asfaltgranulaat AGRAC
Emulscement gebonden asfaltgranulaat AGREC
Asfaltgranulaatemulsie AGREM
Fosfor- en hoogovenslakkenmengsel (gebonden)
Cementgebonden immobilisaat
Schuimbeton ( = 1.000 kg/m3)
Schuimbeton ( = 1.200 kg/m3)
Schuimbeton ( = 1.400 kg/m3)
Schuimbeton ( = 1.600 kg/m3)
Zandcement
Schraalbeton
Asfaltbeton
Cement Treated Base (CTB)4)
Walsbeton

3,0001)
1,5001)
1,2001)
1,000
2,5001)2)
3,7001)
5,8001)
8,4001)
11,5001)
6,0001)
10,0001)
7,5003)
10,0001)
20,000

Remarks: 1) If material is cracked or cut, take 75% of the value.
2) Stabilised natural soil or mineral waste material.
3) At an ambient temperature of 20 oC and 8 Hertz load frequency.
4) The flexural strength of CTB depends on the compressive strength. For compressive strengths of 10.00, 11.25.
and 12.50 MPa, the corresponding flexural strength is 2.00, 2.25 and 2.50 MPa respectively (i.e. 20 per cent of the
compressive strength). Presented values are valid for mix of 40% asphalt and 60% concrete slag.

For cemented bound materials, a Poisson ratio of 0.20 is to be taken; for bitumen bound bases a Poisson
ratio of 0.35 is to be used.
The stress level in the bound base should be checked against the material strength. Since bound material is
also subject to fatigue, the material’s life against repetitive loading must be checked. The general equation
for bound materials is:


logN b   C0  C1 log r   C 2  r   C 3 log( bt )  C 4  bt   C 5  bt
 f bt
Where:
Nb
=
C0 to C5 =
r
=
σbt
=
fbt
=





number of allowable load applications
material constants
tensile strain at bottom of the bound material (m/m)
flexural stress at bottom of bound base
flexural strength of bound base

The material constants can be assessed by material testing. Not all material constants apply; this depends
on the type of fatigue characterization (stress or strain based). For some materials the constants have
already been determined:
- the constants for the strain-based sand-cement fatigue are C0 = 10.000 and C2= –0.08 (Ref. 23);
- the constants for the stress based CTB fatigue are C0 = 11.782 and C5 = -12.120 (Refs. 26 and 27).
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Sub base materials
With respect to the level of the road and its profile, occasionally sub base materials are necessary as to fill
the road embankment. The bearing characteristics of different materials are presented in Table 16. The
Poisson ratio for unbound base materials is 0.35. The material type is deliberately referred to in Dutch.
Table 16. Bearing strength characteristics of embankment materials
Sub base material
Argex (fracties 4/10, 8/16)
Bims
Flugsand
(ophoog)zand, lava
Schuimbeton = 400 kg/m3
= 500 kg/m3
= 600 kg/m3
= 700 kg/m3
= 900 kg/m3

Modulus of
subgrade reaction k
[N/mm3]

Modulus of
Elasticity (Edyn)
[N/mm2]

Minimum
thickness
[mm]

(0.045)

100

250

n/a

300
650
1,200
1,650
2,200

200
150

Subgrade materials
The bearing capacity of soils or subgrade can easily be estimated bases on relatively simple soil
characteristics. Table 17 presents indicative bearing strength characteristics of natural soils. The Poisson
ratio for subgrade materials is 0.35.
Table 17. Characteristics of subgrade materials
Soil type

veen
klei
leem
zand
grind-zand
Veen:
Klei:
Leem:
Zand:
Grind-zand:

Cone
resistance
qc [N/mm2]
0.1- 0.3
0.2- 2.5
1.0- 3.0
3.0-25.0
>10.0-30.0

Modulus of
subgrade reaction
k0 [N/mm3]
0.016
0.023
0.036
0.045
0.061

Modulus of
elasticity
Edyn [N/mm2]
25
40
75
100
150

CBR value
according to
NEN 5108 [%]
1-2
3-8
5 - 10
8 - 18
15 – 40

groundwater table 1 m of lower;
groundwater table 1.5 m or lower;
leem containing soil or loose compacted sand with high groundwater table;
non-sub settlement sensitive soil (sand);
coarse soil with rubble and/or coarse sand.

The modulus of subgrade reaction k0 can be assessed using the CBR-k0-relationship presented in Figure 11.

Figure 11. CBR-ko-relation
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Bases are used to increase the load-carrying capacity of a pavement. When stabilised materials are used a
multi-layered slab model is to be used. The modulus of subgrade support of a layered concrete pavement
with unbound materials can be calculated with McCullough’s relation:
k1 = 2,7145.10-4(C1+C2.eC3 +C4.eC5)
With coefficients:
- C1 = 30 + 3,360.k0
- C2 = 0.3778(h2 - 43,2)
- C3 = 0.5654.ln(k0) + 0.4139 ln(E2)
- C4 = -283
- C5 = 0.5654 ln(k0)
Where:
- k1 = upgrade modulus of subgrade reaction or support conditions underneath the concrete slab
[MPa/mm]
- k0 = modulus of subgrade reaction on natural subgrade [MPa/mm]
- h2 = thickness of unbound base [mm]
- E2 = stiffness of unbound base [MPa]
Conditions:
- h2  150 mm (bound base)
 200 mm (unbound base)
The stiffness of the layer placed on top of the previous one should be at least equal to that of the supporting
layer. Should the top layer have a modulus smaller than the layer that it is placed on, the constructed layer
is to be considered as the natural subgrade with k0 as the modulus of subgrade reaction. The k1 value is
limited by E2 and to an extend of 0.16 MPa/mm: log k1  0.73688.log.E2 – 2.82055

Subgrade fatigue
The general fatigue relationship in layered pavement models of the subgrade is:

logN s   C0  C1 log z 
Where:
Ns
=
C0, C1 =
z
=

number of allowable load applications (-)
material constants
compressive strain on top of the subgrade (m/m)

The evaluator selects the appropriate fatigue relationship for the subgrade in the PCN evaluation. Typical
performance relations applicable for roads have been derived by Shell. The Shell 85% relationship has
values of 17.289 and –4.000 for C0 and C1. Others have prepared typical relationships for airport pavement.
Table 18. Fatigue transfer functions for airport pavement
C0
25.305
27,050
15,890
29.177
48,104
32.250

C1
-7.140
-7,516
-5.747
-8,100
-14,210
-9,633

Reference
APSDS based on (MWHGL) data
Barker et al.
BAA – WES data
FAARFIELD (Nf ≤ 12,100)
FAARFIELD (Nf > 12,100)
US Corps of Engineers
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Appendix 4: Worked example for flexible pavement using APSDS
QUESTION:
Assign a PCN for the following newly build pavement (PCN evaluation life 20 years). Appendices 1 to 3
are to be used to characterize the pavement and material characteristics.

Asphalt concrete
1
240
Hoogovenslakken
2
250
Subgrade
Statistical % of material characteristics
Statistical % of fatigue characteristics
List sources used to assess data:

Source

Flexural strength (MPa)

Fatigue transfer
Function

Poisson’s constant (-)

Modulus of subgrade
reaction and/or shear
modulus (k,G)
(10-2 MPa/mm, MPa)

Stiffness module (MPa)

Constructed thickness
(mm)

Material type

Number of layer
(top-down)

STRUCTURAL PAVEMENT DATA

6,000
0.35
F78
DWW
400
0.35
n/a
100
0.35
85%
Shell
50%
50% asphalt strain criterion; 85% subgrade criterion
CROW Guideline on PCN,
Boeing Document D6-58326-1, 747-400 airplane
characteristics

The table also presents the criteria / fatigue characteristics to be used in this example. The forecasted fleet
mix for the coming 20 years is:
LOAD DATA Forecasted fleet mix
Aircraft designation
1. F28 Mk 1000 HPT
2. B737-300
3. B757-200
4. B767-300
5. L1011-1
6. B747-400
Critical aircraft
Lateral wander (mm)

Departures per
MTOW
year
kg
400
30,164
1,500
61,462
1,000
109,316
1,500
159,755
400
195,952
800
395,987
B747-400
2,400 (strip width 0,25 m)

OEW
kg
15,876
32,902
60,260
86,070
108,862
178,459

ANSWER:
Step 1: General
PCN-life course is:

20 years

Step 2: Pavement structure
Asphalt Concrete
Hoogovenslakken
Subgrade
CBR

Thickness
240 mm
250 mm
10%

Modulus
6000 MPa
400 MPa
100 MPa

Poisson
0.35
0.35
0.35
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Step 3: Paved materials
Asphalt concrete: tensile strain at bottom of asphalt layer
For fatique F78 the following fatique equation is applicable: ( Appendix 1, Table 10)
2
log (Nasph) = C0 - C1log(smix) + C2log (smix) + C3log(er)
2
log (N asph) = 27.676 - 7.327 log(smix) + 0.769log (smix)-5.351log(er)
(with (N asph) in millions of movements and (er) in microns)
General equation N = a +b log(e) must be transformed for use in APSDS into N = (k/e)
C0
27.676 x
=
27.676
C1
-7.327 x
3.7781513
{log(6000)}
=
-27.6825
2
C2
0.769 x
14.274427
{Log (6000)}
=
10.97703
a =
10.97052
C3
Healing

-5.351
4

b
n
k
k

=
=
=
=

n

5.351
5.351
1484 excl Healing
1923 incl Healing

With (Smix) = 6000 Mpa:
log (N asph) = 10.97-5.351log(er)
With (N) in number of movements
Taking in consideration healing factor for asphalt of 4.00:

or

N=(1484/e)

5.351

N=(1923/e)

5.351

Subgrade: Compresssive strain on top of subgrade
For fatigue 85% the following fatigue equation is applicable: ( Appendix 3)
4
Log (Ns) = 17.289 -4log(ez)
or N=(0.21/e)
Subgrade CBR10% -> ICAO subgrade category B Medium Strength Subgrade

Step 4: Aircraft Traffic
Aircraft
F28 MK1000
HPT
B737-300
B757-200
B767-300
L1011-1
B747-400

Annual
Dept.
400
1,500
1,000
1,500
400
800

20 yrs
Dept.

MTOW
kg

OEW
kg

8,000
30,000
20,000
30,000
8,000
16,000

30,164 15,876
61,462 32,902
109,316 60,260
159,755 86,070
195,952 108,862
395,987 178,459

ACN
MTOW

ACN
OEW

15 FB
7 FB
33 FB 16 FB
32 FB 14 FB
48 FB 21 FB
56 FB 27 FB
64 FB 22 FB

Tp
Mpa
0.69
1.34
1.17
1.31
1.33
1.41

%
main
gear
92.8
91.8
90.4
95.0
94.8
93.6

No.
wheels

Contact
r
mm

4
4
8
8
8
16

180
183
183
215
236
229

Lateral wander, standard deviation of 2400 mm (runway).

Step 5: Critical aircraft
The aircraft having the highest ACN is the B747-400. The values are printed in bold in the table above.
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Step 6: Determination of critical pavement layer
The Cumulative Damage Factor (CDF) as a result of the whole fleet mix occurring over the 20-year period
for the asphalt criterion and subgrade criterion is 0.598 and 0.182, respectively. Hence, the asphalt layer is
the critical pavement layer for this pavement system.
CROW_PCN
Material type: Asphalt
7.00E-01

6.00E-01
B737,61.5T
B747f,397T
B747r,397t
B757,109T

5.00E-01

B767,160T
F28-1K,30T
L1011,196T
4.00E-01
Damage

Total

3.00E-01

2.00E-01

1.00E-01

0.00E+00
0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

Distance from Centreline

Figure 12. Determining the critical pavement layer using APSDS v4.0
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Step 7: PCN assessment

49,000 Movements of B747-400 at MTOW result in CDF of 1.00
0.598 x 49,000
= 29,302
29,302
Movements of B747-400 at MTOW result in CDF of 0.598

Figure 13. Determining Equivalent B747-400 departures
The theoretical weight or allowable gross weight giving a CDF 0f 1.0 is 457,000 kg. Linear extrapolation
of ACNOEW @ 178,459 kg i.e. ACN 64 and ACNMTOW @ 395.987 kg i.e ACN 22 FB results in the
theoretical allowable ACN value. The ACN is 76 at ICAO B. subgrade.

Figure 14. Allowable Gross weight of B747-400
The PCN is 76 F/B/W/T. The results of the PCN-evaluation has to be submitted in the required format (see
Appendix 5).
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PCN Reporting Form
GENERAL INFORMATION
Date of submission
PCN evaluation life
Date of PCN evaluation
Year of revision
Name of evaluator
Software used for PCN
Valid until (max. 10 years)

Name and code of airport
Residual life
Runway, taxiway or apron
Designation of pavement
Year of construction
Year of rehabilitation
Approved by:

20 years

APSDS v4.0

Runway
2005

6,000

0.35

F78

2

250

400

0.35

n/a

Subgrade

3

100

0.35

85%

Source

Fatigue transfer
Function

240

Flexural strength
(MPa)

Poisson’s constant (-)

1

Modulus of
subgrade reaction
and/or shear modulus
(k,G) (10-2 MPa/mm,
MPa)

Stiffness module
(MPa)

Asphalt concrete
Cement concrete
Cement Treated Base
Sand
Sand cement
Hoogovenslakken

Material type

Number of layer
(top-down)

Constructed
thickness (mm)

STRUCTURAL PAVEMENT DATA

DWW

Shell

Classification method of subgrade strength
Critical pavement layer
Design criterion of critical layer
Statistical % of material characteristics
Statistical % of fatigue characteristics
Slab dimensions (length x width x height)
List sources used to assess data:

n/a
Asphalt concrete layer
Horizontal tensile strain at the bottom
Characteristic values’ see appendices
50% asphalt strain criterion; 85% subgrade strain criterion
n/a
CROW Guideline on PCN
Boeing Document D6-58326-1, 747-400 Airplane
Characteristics

Comment:

Factor 4 for healing effect of asphalt adopted.
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LOAD DATA
Departures MTOW
OEW
Historic fleet mix
ACNMTOW
Aircraft designation
per annum
kg
kg
1.
2.
3.
4.
5.
6.
7,
8.
9.
10.
11.
12.
13.
14.
15.
16.
Departures MTOW
OEW
Forecasted fleet mix
ACNMTOW
Aircraft designation
per annum
kg
kg
1. F28 Mk 1000 HPT
400
30,164
15,876
15
2. B737-300
1500
61,462
32,902
33
3. B757-200
1000
109,316
60,260
32
4. B767-300
1500
159,755
86,070
48
5. L1011-1
400
195,952
108,862
56
6. B747-400
800
395,987
178,459
64
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
Critical aircraft
B747-400
Lateral wander (mm)
2.400 (strip width 0.25 m)
Residual pavement life (years) or Miner sum (%) 59,8 (asphalt); 18,2 (subgrade)

ACNOEW

Source

ACNOEW

Source

7
16
14
21
27
22

TECHNICAL PCN
PCN time period (years)
Allowable ACN of critical aircraft
Allowable Gross Weight of critical aircraft (kg)
Allowable Gross Weight expressed as a percentage to MTOW (%)
- Value
- Pavement type
- Subgrade Category
- Tire Pressure
- Evaluation method

20 y
76
457,000 kg
115%
ACN 76
Flexible
Cat. B, medium strength
1,41 MPa
Technical

PCN Reporting format

76 F/B/W/T
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Appendix 5: Directive on Pavement Strength Data Reporting Format
Once the strength of an airfield pavement has been determined, regulatory standards require that the
strength shall be reported in a standardized format that can be understood by international aviation
communities. The ICAO PCN pavement strength reporting system is published as a five (5) part strength
code for flexible and rigid pavements in an AIP. The PCN is determined under the responsibility of the
airport authority. However, the national CAA has to approve the PCN assignment.
The report of the technical PCN to the Civil Aviation Authorities must be accompanied by a data sheet
giving information on the structural parameters and assumptions used to derive the technical PCN value.
The following information is to be forwarded to the CAA:
General information
- Date of submission;
- Name and code of airport;
- Year of construction and/or rehabilitation;
- Designation of pavement;
- Date of PCN evaluation / revision;
- Name of evaluator / company;
- Residual pavement life at time of evaluation;
- PCN pavement life used to determine PCN load;
- Validity PCN until 20xx (max. ten years).
Pavement and material data
- Sources used to assess the pavement;
- Pavement structural data of all pavement layers and the subgrade:
- In case of flexible pavement: (stiffness, Poisson ratio, constructed thickness);
- In case of a rigid pavement, additional information on the load transfer capability;
(deflection ratio) and slab support (k, G) is to be presented;
- The critical pavement layer discerned;
- Design criterion of critical pavement layer;
- The fatigue relationships used for the pavement materials under evaluation;
- The strength of the different pavement materials;
- Classification method of the subgrade strength (acc. to PCN code);
- Method of evaluation of subgrade strength.
Load Data
- Details of the mixed air traffic using the pavement (fleet composition comprising aircraft types and
frequency);
- The critical aircraft using the pavement (i.e. the aircraft demanding the heaviest pavement thickness);
- Details of the critical aircraft:
- Source or details of the landing gear arrangement (wheel arrangement, wheel loads at MTOW and
OEW, tire pressure);
- ACN data at MTOW and OEW;
- Lateral wander used in the evaluation;
- Number of (fixed) equivalent load repetitions or total fleet composition over a period of x years;
- Allowable ACN load for the pavement under consideration;
- Should the ACN load exceed the ACN of the critical aircraft, the ACN of the critical aircraft is assigned
as the PCN of the pavement.
Result
- Method used to assign PCN: Dutch Guideline for PCN Assignment, CROW-report D13-02;
- The PCN reported in the standard five (5) part strength code:_______
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PCN Reporting Form
GENERAL INFORMATION
Date of submission
PCN-evaluation life
Date of PCN-evaluation
Year of revision
Name of evaluator
Software used for PCN
Valid until (max 10 years)

Name and code of airport
Residual life
Runway, taxiway or apron
Designation of pavement
Year of construction
Year of rehabilitation
Approved by:

Asphalt concrete
Cement concrete
Cement Treated Base
Sand
Sand cement

Source

Flexural strength
(MPa)

Fatigue transfer
Function

Poisson’s constant (-)

Stiffness module
(MPa)
Modulus of
subgrade reaction
and/or shear modulus
(k,G) (10-2 MPa/mm,
MPa)

Constructed
thickness (mm)

Material type

Number of layer
(top-down)

STRUCTURAL PAVEMENT DATA

1
1

Subgrade
Classification method of subgrade strength
Critical pavement layer
Design criterion of critical layer
Statistical % of material characteristics
Statistical % of fatigue characteristics
Slab dimensions (length x width x height)
List sources used to assess data:

Comment:
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LOAD DATA
Departures MTOW
Historic fleet mix
Aircraft designation
per annum
kg
1.
2.
3.
4.
5.
6.
7,
8.
9.
10.
11.
12.
13.
14.
15.
16.
Departures MTOW
Forecasted fleet mix
Aircraft designation
per annum
kg
1.
2.
3.
4.
5.
6.
7,
8.
9.
10.
11.
12.
13.
14.
15.
16.
Critical aircraft
Lateral wander (mm)
Residual pavement life (years) or Miner sum (%)

OEW
kg

ACNMTOW

ACNOEW

Source

OEW
kg

ACNMTOW

ACNOEW

Source

TECHNICAL PCN
PCN time period (years)
Allowable ACN of critical aircraft
Allowable Gross Weight of critical aircraft (kg)
Allowable Gross Weight expressed as a percentage to MTOW (%)
- Value
- Pavement type
- Subgrade Category
- Tire Pressure
- Evaluation method
PCN Reporting format
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Comment of Evaluator
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Appendix 6: Standard survey program for flexible and rigid pavements
The Guideline does not dictate a field survey comprising of deflection measurements, coring and material
testing; however, the survey programme described in this Appendix is practised in the Netherlands.
Naturally one may deviate; however, the field program presented fully complies with the Guideline.
The field survey discerns the following type of pavements: Runways (R), Taxiways (T), Intersections
(INT), Aprons (APR) and shelter aprons (SPR). Since the use of the MicroPaver pavement management
program is widely spread in the Netherlands, naming and relocation of the measurements according to
MicroPaver is recommended.
6.1

Flexible pavements

6.1.1 H/FWD-equipment
The falling weight deflection survey must be carried out with an H/FWD capable of inducing a load
varying between 100 and 200 kN. The device must have a valid CROW-certificate, with the adjustment
factor for deriving uniform deflections. A copy of the certificate must be provided when entering the
contract.
6.1.2 Execution of falling weight deflection survey
- The test load should be such that the maximum deflection ranges between 300 and 600 μm. Per station
or test position, three test should be executed. The deflection profile of the last drop will be used for the
evaluation;
-

The tests on runways and taxiways are to be carried out in four lanes perpendicular to the centre line
marking. These are arranged at the centre line, 3.5 m left of centre line, 5,0 m right of centre line and at
a distance of 10,0 m to the centre line. Test should commence from the runway end with the low
designation to the runway end with the high end number. Tests are to be carried out at intervals of
100 m. The distance between the tests locations of the four lanes must have an interval of 25 m. This is
achieved by shifting the starting points every 25 m (e.g. at 0, 25, 50 and 75 m, respectively);

-

The number of tests to be executed on taxiways (T) depend on the width of the taxiway (refer to Table
19). A minimum number of tests is required depending on the total area of a test section. Tests should
commence from the runway end with the low designation to the high designation number. Tests are to
be carried out at intervals of 50 m. The measurement interval should be such that the measurements on
all lanes are carried out proportionally to the surface area with an interval depending on the number of
tests to be carried out.

Table 19 Test lanes for deflection survey on taxiways (T)

-

Width taxiway

Lanes located at distances of

12,0 m
15,0 m
22,5 m

Centre line, 3,5 m left of the centre line
Centre line, 3,5 m left and 5 m right of the centre line
Centre line, 3,5 m left and 7,5 m right of the centre
line

At pavement sections, not being runways or taxiways, deflections must be carried out according to
Table 20.
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Table 20 Number of tests on sections not being runways or taxiways
Surface area m²

Number of measurements

till 1.000 m²
till 3.000 m²
> 3.000 m²

6
12
15

-

The falling weight device should be equipped with a minimum of 7 geophones or deflection
transducers. The transducers are arranged at distances of 0, 300, 600, 1000, 1500, 2000 an 2500 mm
from the load plate. Additional transducers should be placed in the vicinity of the loading plate, e.g. at
200 and 500 mm.

-

Prior to commencing measurements on a lane, and shortly after, the pavement temperature must be
measured at a pavement depth of 15 cm. The air and surface temperature should be registered at each
test location.

-

For processing the data, the following information must be submitted:
o Surface temperature (°C)
o Difference between local time and UT (hours)
o Time of testing (hour)
o Time of testing (minutes past hour)
o Longitude of test site (degrees)
o Mean air temperature of previous day (°C)

6.1.3 Drilling and coring on flexible pavements
- Per pavement section, one construction core should be drilled up to a depth of 1,0 m. The core location
should be such that it matches the location of the so-called 50-percentile deflection location of all lanes
and test locations per section).
-

Depending on the total area, one or two additional asphalt cores must be extracted. These should be
located at the 85- and 15-percentile deflection location respectively.

-

The diameter of the core should be at least 100 mm or 150 mm depending on the type of required
material testing.

-

The GPS location and the cored thickness and type of construction materials should be reported. The
coordinates must be converted into the ‘Rijksdriehoeknet’.

-

The borehole must be filled with fresh concrete and a minimum thickness of 100 mm hot asphalt.
Measurements must be taken to obtain sound adhesion between the two materials. Sub settlement is not
allowed and should be repaired instantly.
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Table 21 Number of cores to be drilled on flexible pavement sections
Surface area

Pavement type

Number of cores

≤ 5000 m²

All
R, T, APR
SAPR
Misc., INT

One construction core
One construction and two asphalt cores
One construction core per shelter apron
One construction core; one asphalt core

> 5000 m²

6.2

Rigid pavement

6.2.1 H/FWD equipment
The falling weight deflection survey must be carried out with an H/FWD capable
of inducing a load varying between 130 and 200 kN. The device must have a
valid CROW-certificate, with the adjustment factor for deriving uniform
deflections. A copy of the certificate must be provided when entering the
contract.
6.2.2 Execution of falling weight deflection survey on runways and taxiways
- The test load should be such that the maximum deflection ranges is about
200 μm. Per test location, three test are to be executed. The deflection profile
of the last drop is used for the evaluation.
-

Tests on concrete pavements concern runway ends, overruns, taxiways,
aprons and shelter aprons.

-

The falling weight device should be equipped with a minimum of
7 geophones, arranged at distances of 0, 300, 600, 1000, 1500, 2000 and
2500 mm from the load plate. Additional transducers may be placed in the
vicinity of the loading plate, e.g. at 200 and 500 mm or can be used for
deflection transfer measurements across joints.

-

At each measurement, the designation of the measurement location, the
position on the slab, time of measurement and surface temperature must be
recorded.

-

Depending on the size of the section a minimum of at least six slabs must be
measured. Of every test slab, three load positions must be tested on that slab.
These are the slab interior, transverse edge, and longitudinal edge. The
relocation of a test slab with the test position is denoted by placing a number
before the slab number. The code for the interior, transverse and longitudinal
position is 1, 2, and 3, respectively. As an example, code 2.5 indicates that
this is a measurement on a transverse edge of slab no. 5.

-

The slabs to be measured are located near the centre line in the heaviest
loaded portion of the pavement. By ‘waving’ when measuring the
longitudinal joints, both construction and shrinkage joints are measured (see
Figure).
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-

The location of the measured slabs must be indicated in a drawing.

-

The deflection measurements on the transverse and longitudinal edge can be combined with the load
transfer measurement across the joint. The geophones normally located at 2,000 and 2,500 mm during
interior testing, are placed directly at the joint and in such a way that the distance from the centre of the
loading place to these geophones are equal. The measurements as well as the deflection ratio of the
deflection of the unloaded to loaded slab are to be reported.

-

The length of the joints of the slabs under evaluation will be measured.

-

If not all geophones are located on the test slab, this will be recorded and reported in an event list.

-

Should a test slab be cracked, it will be reported in the event list.

-

The number of cracked slabs of the pavement section must be reported as a percentage of all slabs.

6.2.3 Drilling and coring on rigid pavements
- Per pavement section, one construction core should be drilled up to a depth of 1,0 m. The core location
should be such that it matches the location of the so-called 50-percentile deflection location of the
interior test locations.
-

Depending on the total area, one or two additional asphalt cores will be drilled. These should be located
at the 85- and 15-percentile deflection location, respectively.

Table 22 Number of cores to be drilled on flexible pavement sections
Surface area

Pavement type

Number of cores

≤ 5000 m²

All
R, T, APR
SAPR
Misc., INT

One construction core
One construction and two concrete cores
One construction core per shelter apron
One construction core; one concrete core

> 5000 m²

-

The diameter of the core should be at least 100 mm or 150 mm depending on the type of required
material testing.

-

The GPS location and the cored thickness and type of construction materials should be reported. The
GPS coordinates must be converted into the ‘Rijksdriehoeknet’.

-

The borehole must be filled with fresh concrete and a minimum thickness of 100 mm hot asphalt.
Measurements must be taken to obtain sound adhesion between the two materials. Sub settlement is not
allowed and should be repaired immediately.

6.3

Laboratory testing

6.3.1 Asphalt concrete cores
- Of each cylinder, the total thickness and the thicknesses of the subsequent layers must be measured.
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-

The properties of the base material govern the performance of the asphalt pavement. The following
properties of the base material must be determined:
o The degree of compaction and void content;
o The penetration at temperatures of 25 and 35 °C, TRing&Ball and the Penetration Index (PI)
on a mixture of recovered bitumen;
o The Master curve by performing a frequency sweep in an indirect tension test. The
thickness of the sample should be 40 mm. The frequency sweep is to be performed at 20
°C and at frequencies of 1, 2, 3, 5.9, 19.6 and 55.6 Hz and again at 1 Hz for verification.
All frequencies are to be reported and the slope m = d(Smix)/d(log t) is to be determined and
reported;
o Calculation of the volumetric components Vbit, Vaggregate and Vair.

6.3.2 Cement concrete cores and cement bound base material
- Of each cylinder, the total thickness and the thicknesses of the subsequent layers must be measured
(EN 13863-4:2004). Should the concrete be placed in a two layer system, the thickness of both layers
must be reported as well.
-

The dynamic modulus of the cement concrete and cement bound base material must be determined
with a so-called CSI-betontester. The dynamic modulus must be reported according to NEN 5979.

-

Of every cement bound layer (foundation and slab), the compressive strength according to EN 125041:2000 and EN 12390-3:2001, and the volumetric mass (EN 12390-7:2000) must be determined.

6.4
Reporting the measurements
A measurement report contains a description of the measurements, results and findings. A measurement
report must be prepared per airport. The measurements must be reported as a hard copy and digitally. First
as a draft report; after discussion it will be accepted and finalized.
The written report should contain following topics:
- Relocation of the pavement sections and test locations.
- Type of pavements and executed measurement program.
- The CROW-certificate of the H/FWD device(s) used for the measurements.
- The test devices used in the evaluation.
- Date(s) of measurement and conditions during measurement.
- Drawing of the measured slabs.
- Tables of the deflection measurements with subsections and location of the 15, 50 and 85-percentile
deflection. The H/FWD data is also to be reported digitally in an Excel file. The format of this file will
be provided.
- The determination of the percentile point, location of the construction coring and asphalt or concrete
core.
- Graphs of the defection measurements and cumulative sum of each section. This data is to be reported
in the provided Excel file format. The results of a section should be reported in a separate file.
- The laboratory testing is to be reported in a separate chapter of the measurement report.
- The measurements and calculations of the frequency sweep incl. graphs of the master curve Smix versus
log t.
- A description of the digital files.
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The following information is to be delivered digitally:
- The original, unprocessed H/FWD measurement files (in a readable format, e.g. F25).
- Tables of the deflection measurements with subsections and location of the 15, 50 and 85-percentile
deflection. The H/FWD data is also to be reported digitally in an Excel-file. The format of this file will
be provided.
- The results of the laboratory testing must be reported in an Excel spread sheet containing the deflection
measurements. The results will be reported in a separate tab sheet within that Excel file.
- The measurements and calculations of the frequency sweep incl. graphs of the master curve S mix-log t.
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