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Introduction

Red Sea International Airport (RSIA) under GACAR 139 Version 9.0 & Ref. to ICAO Annex 14, 2.6.2 was required to make

available the bearing strength information of all its pavements in the aerodrome using the

Rating — Pavement Classification Rating (ACR-PCR) method.
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‘Note - Refer Appendix E-1 for guidance on Standard Method for reporting the bearing strengih of the
pavement in terms of the Pavement Classification Number (PCN). (Applicsble until 27

November 2024,

(g) Criteria to egulate the use of a pavement by an ircraftwith an ACN higher than the PCN reported
(overload operations) for that pavement in accordance with §139.213 (b) and §139.213 (c) must

beas below:

(1) For fxible pavements,occasional movements by areraf with ACN not cxceeding

10 per cent above the reported PCN;

() Fordgidor 2 inwhicha
el of th stuctur, oo
per cent above the reported PC

(3)  fthe pavement structure is unknown, the § per cent limitation must apply: and

(4)  The annual number not d

l movcrments by irra with ACN not cxceding §

of the total annual aircraft movements.

Note: Also refer ICAQ Annex 14 Volume I, Attachment .20 and ICAQ Doc 9157 Part 3 -
Pavements, Chapter 2.

() a pavement intended for f 1 to or less than

5,700 kg must be made available by reporting the following information:
(1) Maximum allowable aircraft mass; and
(2) Maximum allowable fre pressurc,

Example: 4,000 kg/0.50 mPa

§ 139.213 Strength of Pavements. (Applicable as of 28 November 2024.)

(2) The bearing strength of a pavement must be determined.

(b) The bearing strength of a pavemen intended for aircraft of apron (ramp) mass greater than § 700
kg must be made available using the aircraft classification rating-pavement classification rating

(ACRPCR) method by reporting all of the following information

Tage 31
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GACAR PART 139 - CERTIFICATION, AUTHORIZATION AND OPERATION OF
AERODROMES

GACAR PART 139 - CERTIFICATION, AUTHORIZATION AND OPERATION OF
AERODROMES

(1) Pavement classification rating (PCR) and mumerical value; Tow siengi characerzed by by &~ 50 WP and
representing a range in E.values equal to or above 60 ¢
{2) Pavement type for ACR-PCR determination: MPa and strictly less nm.. 100 MPa MPa for rigid or
flexible pavements.
() Subgrade streagth category; Ultra Low strength: characterized by £ = 50 MPa and
) :wrl‘:“mllm allowable ire pressure catcgory or maimum allawable tire pressure valuc; ;f”;:”a‘:flgﬁ E’Z:n“fn:"‘“)' Teca thun 60 MPa fix o
() Evalution method. () Maximum allowable tire pressure category:
Cod
(¢) The PCR reported must indicate that aircrafl with an aircraft classification rating (ACR) equal to :
or less than the reported PCR may operate on the pavement subject to any limitation on the tire i o presee Tt W
pressure or aircrafl all-up mass for specified aircrafl type(s).
Note. — Different PCRs may be reporied if the strength of the pavement s subject to significant seasonal Tigh: pressure limited 1o 1.75 MPa X
variation.
Medium: pressure limitcd to 135 MPa ¥
() The ACR of an aircrafi must be determined in accordance with the siandard procedures associated
with the ACR-PCR mcthod. Low: prossure limited to 0.50 MPa z
) fw the purposes of determining the ACR, the behavior of a pavement must be classificd as
quivalent to a rigid or flexible construction.
o oforation. o pevemenl type for ACR-PCR detcrmination, subgrade strength calcgory, (4)  Evaluation method:
maximum allowable tire pressurc category and evaluation method must be reporied using the
following codes: Code
Technical evaluation: representing a specific study of the pavement T
(I Pavement type for ACR-PCR determination: r:hn:c\msllnmd types of aircrafl which the pavement i intended to
[ [ Code ] Using el experinee:represeniog v mowlede o he specfie e U
| Rigid pavement [ ® ] and mass of aircraft satisfactoril; under regular use.
[Flexible pavement [ F |
(2 Sub-grade strength category (g) Critcria to regulate the use of a pavement by an aircraft with an ACR higher than the PCR reported
Tigh sirengih: charscoracd by K= o for thal pavement in aceordance with §139.213 (b) and §139.213 (c) must be as below:
00MPa and representing all E values equal to or .
- (1) For flexible and rigid pavements, occasional movements by aircrafl with ACR not
above 150 MPa for rigid or flexible pavements. A exceeding 10 percent above the reported PCR should not adversely affcet the
vement; and
Modium strenglh: characterizod by E = 120 MPa and pavement;
represenling a rang s cqual to or abave B (2} The annual aumber of overload movements must ot cxceed approximately § percent
100 MPa and strictly less than 150 MPa MPa for rigid or flexible of the total annual movements excluding light aircrafl.
pavements.
Page 22 Page 33
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Annex 14 — Aerodromes Volume I

new Aircraft Classification

Chapter 2 Annex 14— Aerodromes

26 Strength of pavements
Applicable as of 28 November 2024.

261 The bearing strength of a pavement shall be determined.

262 The bearing strength of a pavement intended for aircraft of apron (ramp) mass greater than § 700 kg shall be
made available using the aircraf clasification rating-pavement clasificaion rating (ACR-PCR) method by reparting all of
the following information:

a) pavement classifcation rating (PCR) and numerical value;

b pavement type for ACR-PCR determination;

©) subgrade siength caegory;

bl ire pressure value; and
¢) evaluation method.

Note. Guidance on reporting and publishing of PCRs is contained in the Aerodrome Design Manual (Doc 9157,
Pant3).

263 The PCR reported shallindicate that aircraft with an aircrat classification rating (ACR) equal 1o of lss than the
reported PCR may operate on the pavement subject o any lmitation on thetire pressure or aircraf all-up mass for specified
aircraf ypels).

Note.— Different PCRs the pavement is

264 The ACR of an aircraft shall be determined in accordance with the standard procedures associated with the
ACR-PCR method.

Note.— The standard procedures for determining the ACR of an aircraft are given in the Actodrome Design Manual
(Doc 9157), Part 3. For convenience. dedicated software i available on the ICAQ websie for computing any aircraft ACR at
any mass on rigid and flexible pavements for the 266b) below

265 For the purposes of determining the ACR, the behaviour of a pavement shall be classified s equivalent 10  rigid
o lexible constrution.

266 lafomasionon pvemen e for ACR-PCR detrmintion,sbgrde st tegory,mavimum sllvable e
p evaluion por

a) Pavement type for ACR-PCR determination.

Code
Rigid pavement R
Flexible pavement ¥

Noe— f she ccmal comsenchon by compn of o <standard, include a note 1o that
effect (see example 2 belo

I 26

b)  Subgrade strength category

Code
High strength: characterized by E = 200 MPa and representing all E values equal t or above A
150 MPa, fo rigid and fleible paverments.
Medium strengih: characterized by E = 120 MPa and representing a range in E values equal B
10 or above 100 y less than 150 MPa, p
Low strength: charactrized by E = 80 MPa and representing a range in E values equal 10 or c
above 60 MPa and sticly less than 100 MPs, fo igid and flexible pavements.
Ulira-low strength: characterized by E = 50 MPa and represcating all E values stitly less D
than 60 MP, fo rigid and flxible pavements.
©) Maimam allowable tire pressure category

Code
Unlimited: o pressure Nt w
High: pressure limited 10 175 MPa X
Medium: peessure limited 10 125 MPa > §
Low: pressure limited 10 0.50 MPa z

Note.— See Note $ 10 10.2.1 where the pavement is used by aircraft with tire pressures in
hewpper categoris
&) Evaluarion method.

Code
Technical evaluaion: represcnting  specific study of the pavement charactristics and the T
types ofarcraft which the pavement s intended o serve.
Using aircraft experience: represeating a knowledge of the specfic type faireaft u

satisfactorily being supported under regular use.

Note— The folloing mm,u.\ llustrate how pavement sirength data are reported under the ACR-PCR method.
opic Ae Manaal (Do 9157, Part 3.

Example 1. f the bearing strength of a rigid pavement, resting on a medium-srength subgrade, has been asessed by
technical evaluation to be PCR 760 and thee s o tire pressure limitaion, then thereported information would be

PCR760/R/B/W/T

Esample 2. e barin segh o o compor pavemen. behving ke bl pavement od resing on  high-
trength subgrade, has been assessed by be PCR $50 and the maximum allowable ire peessure is
1.25 MPa, then the reported information would be:

PCRSS0/F/A/Y /U

Note.— Composite construction,

ACR high

Recommendation.— Criteria should be established 10 regulate the use of a pavement by an aircraft ith an
than the PCR reported for that pavement n accordance with 2.6.2 and 2.6 3

Note.— Attachment A, Section 19, details a simple method for regulating overload operations while the Actodrome

Design Manual (Do 9157), Part 3, includes the descriptions of more detailed procedures for evaluation of pavemenis and
their suitability for restricted overload operations.

27 i

Annex 14, 9t Edition, July 2022 Section 2.6.2




RS

Introduction:
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Introduction

This ACR-PCR method replaced the ACN-PCN Method as
the official ICAO pavement rating system by November 28,
2024.

This method was developed in cooperation with ICAO
Aerodromes Pavement Expert Group (APEG).

The method uses similar concepts as the ACN-PCN method;
however, the ACR-PCR method:

* |s based on fully layered elastic analysis,

e Uses uniform & standard subgrade categories for
both flexible and rigid pavement, and

* Eliminates the wuse of alpha factor, layer
equivalency factors top of base, etc.

This slide presentation provides an insight and details into
the ACR-PCR method used at Red Sea International Airport.
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Introduction
The ACR and PCR are defined as follows:

1. ACR is a number that expresses the relative structural effect of an aircraft on different pavement types for
specified standard subgrade strengths based on the combined result of aircraft wheel loads, tyre pressures
and landing gear geometry. The ACR is published by aircraft manufacturers.

2. PCRis a number expressing the bearing strength of a pavement for unrestricted operations.

3. The PCR is computed based on the accumulated pavement damage produced by entire traffic mix (CDF
Concept)

4. The (subgrade) cumulative damage factor (CDF) is the amount of the structural fatigue life of a pavement
which has been used up. It is expressed as the ratio of applied load repetitions to allowable load repetitions to
failure, or, for one airplane and constant annual departures.

The system is structured so that a pavement with a particular PCR value can support, without weight restrictions, an
aircraft that has an ACR value equal to or less than the pavement's PCR value.

ACR is the Aircraft Classification Rating and PCR is the Pavement Classification Rating.
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Introduction

Additional points to note:

The ACR-PCR system follows the proposed amendment to GACAR § 139.213 Strength of Pavements. (Applicable
as of 28 November 2024, replacing the current ACN-PCN system (Also refer to ICAO Annex 14).

An aircraft having an ACR equal to or less than the PCR can operate on the pavement subject to any limitation
on the tire pressure (similar to the ACN-PCN).

The ACR-PCR system ensures that both aircraft and pavement can be utilized to their maximum extend without
detrimental effects.

According to the Aerodrome Design Manual, Part 3 the method is meant only for publication of pavement
strength data in the Aeronautical Information Publication (AIPs).

The ACR has been developed for two types of pavements, flexible and rigid, and for four levels of subgrade
strength categories. The PCR has the same types of pavements and four levels of subgrade strengths.

CAT A CAT B CAT C CATD
High Medium Low Ultra-low
ACR (flexible & rigid) E = 200 MPa =120 MPa E = 80 MPa E = 50 MPa

ACN (flexible) CBR 15 CBR 10 CBR 6 CBR 3
ACN (rlg[d) K=150 MN/m3 K =80 MN/m3 K =40 MN/m3 K =20 MN/m3
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Background
e Core principles of ACR-PCR same as ACN-PCN
* |CAO Task Group: ACI World, US FAA, DGAC France, Boeing and Airbus

Development (2012) ICAOQ review (Mar 2018) Effective (Jul 2020) Applicable (Nov 2024)
ACN-PCN task force work Adoption by ADOP, Start of implementation phase ACR-PCR Is the official
with regular update to APEG ANC, Councll Training to users ICAO pavement rating system

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Development ‘ Effective Applicable
ICAO - ACR-PCR Journey to Implementation
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Key Features in summary

The ACR-PCR method is meant only for the publication of pavement strength data in aeronautical information
publications (AIPs)

It is not intended for the design or evaluation of pavements

It does not require the use of a specific method by the aerodrome operator

It shifts the emphasis from the evaluation of pavements to the evaluation of the load rating of aircraft (ACR)
Includes a standard procedure for the evaluation of the load rating of aircraft

The strength of a pavement is reported in terms of the load rating of the aircraft on an unrestricted basis

The PCR is also a number which represents the load-bearing strength of the pavement in terms of the highest
ACR which can be accepted on the pavement for unrestricted use.

Unrestricted operations does not mean unlimited operations

v’ It refers to the relationship of the PCR to the aircraft ACR and it is permissible for an aircraft to operate
without weight restrictions (subject to tire pressure limitations) when the PCR is greater than or equal to
the ACR



Summary of What is not Changing?

ACR will still need to be calculated on the basis
v’ Aircraft weight
v' Subgrade Strength based on 4 categories A, B, Cand D
v Type of pavement, Flexible and Rigid

PCR will still be declared on the basis of 5 attributes:
v" Number linked to ACR
v' Pavement Type
v’ Subgrade Strength
v" Tyre Pressure Limitation

v Type of declaration

 The comparison of ACR and PCR similar to the
core principle of the ACN-PCN method has not
changed:

v If ACR < PCR, the aircraft can operate on the
pavement without restriction

v If ACR > PCR, the aircraft may be excluded, or
may be allowed to operate subject to weight
and/or frequency limitations



Summary of What is Changing

The procedures and models used for determining the ACR and PCR have changed

Based on rational models allowing the calculation of pavement mechanical response (surface deflections,
internal stresses, strains within the pavement) induced by surface traffic loads from Layered Elastic
Analysis (LEA)

v" Not CBR or Westergaard methods

Pavement damage is quantified based on a specific damage model, using as an input these responses
(especially strains for flexible pavements and stresses for rigid pavements)

Use of the Cumulative Damage Factor (CDF) concept
The CDF is:
* The amount of structural fatigue life of a pavement that has been used up.
* Expressed as the ratio of applied load repetitions to allowable load repetitions to failure.

Damage from multiple aircraft types can be accounted for by summing the CDF for each aircraft in the
traffic mix in the application of Miner's rule for the prediction of fatigue life in structures.
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Summary of What is Changing
* Same subgrade categories apply to both flexible and rigid pavements, and

* The grouping of subgrades with a standard value at the mid-range of each group, considered to be entirely
adequate as follows:

Subgrade Category Flexible and Rigid Pavement

Subgrade Characteristic E Modulus

A - High 200 MPa

B - Medium 120 MPa
C- Low 80 MPa

D — Ultra Low 50 MPa
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ICAO new procedure for ACR / PCR:

Directly uses FAA FAARFIELD software (Daa
Dublin Software)

Aircraft
Library
*
: _— =z
B e Thickness Design
FAARFIELD MAIN PROGRAM % &'
Structure Eiae FEE P
et | T [ ouTPUT |
‘[ .
LEAF FAAMesh | | FAASR3D || ||cAO-ACR
Layered Elastic 3D Mesh “*|3D Finite Element
Analysis Generation Analysis ACR Numbers

| FAARFIELD LIBRARIES |

SRR A1E
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ICAO new procedure for ACR / PCR:
Directly uses FAA FAARFIELD software (Daa Dublin Software)

Inputted/Required Data for the ACR- PCR Calculations at RSIA are but
not limited to:

1. Flight Mix — which is based off the data for the mix of
aircraft that use the RSIA aerodrome runway and taxiways
at RSIA, including:

1. The Code of the aircraft.

2. The no of weekly arrival/departure movements.
Tire

3. The number of annual departures.
Pressure

2. The pavement data for both runways and taxiways,
including:

1. The layer types,

2. Thickness of these layers.

3. Modulus of the layer in Mpa.
3. The type of pavement surface — flexible or rigid.
4. Subgrade strength information and details.

VT DT DT RD DT R BT DT R DT R DT R R D @

A
et —— e

Aircraft Fleet
& Traffic

Pavement
Type

Subgrade
Strength
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New PCN Method — Pavement Classification Rating (PCR):

A PCR is reported in a five-part format. Apart from the numerical value, notification is also required of the pavement
type (rigid or flexible), the subgrade support category, the maximum allowable tyre pressure, and whether the

assessment has been made by a technical evaluation or from past experience of aircraft using the pavement.

55@/ F/ C/ X/ T Tretmion

U - Using Aircraft Experience

-
-
-
-

Numerical Value™ . |
Linked to ACR o !

Tyre Pressure

Pavement
W - High, No limit
Type ’
FIeXYbFI)e i Subgrade Category X - Medium, Limited to 1.75 MPa
N A - High Y - Low, Limited to 1.25 MPa
g B - Medium Z - Ultra Low, Limited to 0.50 MPa
C-Low

D -Ultra Low
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RSI Airfield Manual
New PCR shall be calculated and declared for the following:

* Yearly revalidation of the PCR values based on the present
pavement strengths

* Yearly revalidation of the PCR values based on the fleet mix
(types, numbers of and increased sizes of aircraft operations)

* Major rehabilitation or reconstruction of the aircraft pavement
* Major change of aircraft fleet mix for the aerodrome

* Periodically throughout pavement life as part of pavement
management program and if premature structural distress
observed on the pavement

**The Pavement Classification Rating (PCR) of all new or
rehabilitated aircraft pavements shall be declared in accordance
with the ICAO classification and a PCR map produced **
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Pavement Type Designation Code Surface Strength

RI Pavements PCR Values: o wmew [T e [ w | |
03 Al F ASPH PCR 710/F/A/X/T
03 A2 F ASPH PCR 710/F/A/X/T
. 03 A3 7 ASPH PCR 710/F/A/X/T
The table showing the Red Sea = ~ - — — ey
International Airport runway pavements 03 A5 F ASPH PCR 710/F/AINIT
PCR Values as per_ 03 A6 F ASPH PCR 710/F/A/X/T
) 03 A7 F ASPH PCR 710/F/A/X/T
03 A8 F ASPH PCR 710/F/A/X/T
* GACAR 139’ VS'9'O' and 03 A10 F ASPH PCR 710/F/A/X/T
. 03 C F ASPH PCR 710/F/A/X/T
* |CAO Annex 14, Section 2.6.2 = . - — — oA
03 E F ASPH PCR 710/F/A/X/T
03 7 7 ASPH PCR 710/F/A/X/T
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LEGEND: PCN: PCR
RSI - TYPE 01 - RUNWAY (CODE F) B6/FIAXT TAOMFIARKIT
- TYPE 03 - TAXIWAYS (CODE F) BEFIANT TAOFIAXIT
Pavements - TYPE 06 - RUNWAY (CODE B + 5-92) 22/FIAXT 240\FIAXT
PCR - TYPE 07 - TAXIWAY (CODE B + 5-92) 2OFIAT 240/FIAXIT
[ TYFE 08 - HOLDING AREAS (CODE F) 116/RIAIXT B70/RIASWIT
Ove ra I I [[] TvPEo09- APRON (CODE F) 109/ RIADUT BAD/RIAIWIT
N TS AR ST ammr | zoomamr
Pavement |:| TYPE 11 - APRON (CODE B) 2TIRIAXIT 200/RIASNNIT
Drawing [ TYPE 12 - HELIPAD (S5-92) 15/RIADT QOIRIAIIT

for RSI as

per ICAO.

CLIENT TITLE AUTHOR | CHECK ]}'«F’?RCIVE[DATE | scaLe SIZE
d Sea RED SEA AIRPORT - AIRSIDE PROJECT — lwos |ew _ |esiozoea [ 5:10000 A3
clopment STRENGTH OF PAVEMENTS DRAWING Pe. REV
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REACA

RSI Pavements PCR Values: T S RBGACA

| - i sl Glalall dslall d_tigll
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The result of the conversion from ACN-PCN to ACR-PCR has been confirmed by:
Ball Aagand) Ao ML Aad ple ke Bakacd A

GACA via their letter shown here, and s i) 3 o et 0 g e
(LD g 4l Hanm yg Siale ASLLY|

The publishing of the corresponding values in the AIP as shown in the ey T T8/l VTAY A5 ) kol Y A
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RSI Pavements Training:

Additional to the conversion and
implementation of the ACR —PCR values for the
RSI Airport.

The Airport Operator has embarked on the
trainings for key operations & maintenance
personnel, with ACl on:

e Aerodrome Pavement Evaluation
* Aerodrome Pavement Design
e Aerodrome Pavement Construction

e Aerodrome Pavement Maintenance
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