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FOREWORD 

This Guidance material- provides guidance on the design of pavements, including their characteristics, and on 

evaluating and reporting on their bearing strength. The material included herein is closely associated with the 

specifications contained JCAR Part 14 - Aerodromes, The purpose of this Gudaiance material is to encourage 

the uniform application of those specifications and to provide information and guidance. 

This Guidance Material has been developed to support the implementation of JCAR Part 14 requirements in the 

Hashemite Kingdom of Jordan. While certain references to international 'State practices' are included for 

benchmarking, this document shall be applied under the authority of CARC. 

This guidance material contain the following: 

(a) up-to-date information on the ACR-PCR method for reporting pavement bearing strength (Chapter 1); 

(b) up-to-date material on regulating overload operations in accordance with the use of the ACR-PCR method 

(Chapter 2); 

(c) up-to-date material on the evaluation of pavements (Chapter 3); 

(d) up-to-date material on States' practices for the design and evaluation of pavements provided by France, 

the United Kingdom and the United States. 

(e) up-to-date material on runway surface texture and drainage characteristics 

(f) up-to-date guidance on protection of asphalt pavements 

(g) up-to-date material on structural design considerations for culverts and bridges 

(h) up-to-date material on the construction of pavement overlays during operations closures 

(i) new material on the bearing strength of natural ground areas 

(j) new landing gear designation system and updated main aircraft characteristics affecting pavement bearing 

strength 

(k) user information for the ICAO-ACR computer programme (Appendix 2); 

(1) details on the damage model for flexible ACR (Appendix 3); 

(m) pavement operations and maintenance oriented guidance (new Appendix 6). 
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Definitions 
Aggregate. General term for the mineral fragments or particles which, through the agency of a suitable binder, 

can be combined into a solid mass, e.g., to form a pavement. 

Aircraft classification number (ACN). A number expressing the relative effect of an aircraft on a pavement for 

a specified standard subgrade strength. 

Aircraft classification rating (ACR). A number expressing the relative effect of an aircraft on a pavement for a 

specified standard sub grade strength. 

All-up mass. Aircraft maximum ramp or taxi mass, also referred as gross weight. 

Asphalt. Highly viscous binder occurring as a liquid or semi-solid form of petroleum, also referred as bitumen. 

May be found in natural deposits or may be a refined product. 

Asphalt concrete. A graded mixture of aggregate, and filler with asphalt or bitumen, placed hot or cold, and 

rolled, also referred as asphaltic concrete or bitumen concrete. 

Base course (or base). The layer or layers of specified or selected material of designed thickness placed on a 

sub- base or subgrade to support a surface course. 

Bearing strength. The measure of the ability of a pavement to sustain the applied load, also referred as bearing 

capacity or pavement strength. 

California Bearing Ratio (CBR). The bearing ratio of soil determined by comparing the penetration load of the 

soil to that of a standard material. The method covers evaluation of the relative quality of subgrade soils but is 

applicable to sub-base and some base course materials. 

Composite pavement. A pavement consisting of both flexible and rigid layers with or without separating granular 

layers. 

Flexible pavement. A pavement structure that maintains intimate contact with and distributes loads to the 

subgrade and depends on aggregate interlock, particle friction, and cohesion for stability 

Issue: 01 Amendment: 00 Effective Date: June 2026 Page 6 of 177 ~=--- 



PAVEMENTS 34 GM-09 

Lateral wander. The path of a given aircraft will deviate relative to the path centred on the longitudinal axis of 

the pavement in question in a statistically predictable pattern. This phenomenon is referred to as lateral wander. 

Mean aerodynamic chord (MAC). The MAC is a two-dimensional representation of the whole wing. The 

pressure distribution over the entire wing can be reduced to a single lift force on and a moment around the 

aerodynamic centre of the MAC. Centre of gravity position is expressed as percentage of MAC. 

Modulus of elasticity (E). The modulus of elasticity of a material is a measure of its stiffness. It is equal to the 

stress applied to it divided by the resulting elastic strain 

Overlay. An additional surface course placed on existing pavement either with or without intermediate base or 

sub-base courses, usually to strengthen the pavement or restore the profile of the surface. 

pavement classification number (PCN). A number expressing the bearing strength of a pavement. 

Pavement classification rating (PCR). A number expressing the bearing strength of a pavement for 

unrestricted operations. 

Pavement structure (or pavement). The combination of sub-base, base course, and surface course placed on 

a sub grade to support the traffic load and distribute it to the subgrade. 

Poisson's ratio. The ratio of transverse to longitudinal strains of a loaded specimen. 

Portland cement concrete (PCC). A mixture of graded aggregate with Portland cement and water. 

Rigid pavement. A pavement structure that distributes loads to the subgrade having as its surface course a Portland 

cement concrete slab of relatively high bending resistance, also referred as concrete pavement. 

Sub-base course. The layer or layers of specified selected material of designed thickness placed on a subgrade 

to support a base course. 

Subgrade. The upper part of the soil, natural or constructed, which supports the loads transmitted by the 

pavement, also referred as the formation foundation. 

Surface course. The top course of a pavement structure, also referred as wearing course. 
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Abbreviations and Acronyms 
2D 
ACN 
ACR 
AIP 
ASTM 
CBR 
CDF 
CG 
cm 
D 
DSWL 
FAA 
FOD 
FWD 
GPR 
HFWD 
HWD 
kN 
LRFD 
MPa 
MRGM 
NDT 
PCA 
PCC 
PCN 
PCR 
PMP 
RESA 
S 
SD 
ST 
SARP 
STAC 
TSD 

Dual tandem 
Aircraft classification number 
Aircraft classification rating 
Aeronautical information publication 
American Society for Testing and Materials 
California bearing ratio 
Cumulative damage factor 
Centre of gravity 
Centimetre 
Dual 
Derived single wheel load 
Federal Aviation Administration 
Foreign object debris 
Falling weight deflectometers 
Ground penetrating radar 
Heavy falling weight deflectometer 
Heavy weight deflectometer 
Kilonewton 
Load and resistance factor design 
Megapascal 
Maximum ramp gross mass 
Non-destructive testing 
Portland Cement Association 
Portland cement concrete 
Pavement classification number 
Pavement classification rating 
Pavement management programme 
Runway end safety area 
Distance between centres of contact areas of dual wheels 
Distance between centres of contact areas of diagonal wheels 
Distance between axes of tandem wheels 
Standard and Recommended Practice 
Service technique de l'Aviation civile 
Traffic speed deflectometer 
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Chapter 1 

PROCEDURES FOR REPORTING AERODROME PAVEMENT STRENGTH 

1. 1 Procedures for Pavements Meant for Heavy Aircraft (Aircraft Classification Rating -Pavement 
Classification Rating (ACR-PCR) Method) 

1.1.1 JCAR part 14 Aerodrome Design and Operations, specifies that the bearing strength of a 

pavement intended for aircraft of a mass greater than 5 700 kg should be made available using the aircraft 

classification rating - pavement classification rating (ACR-PCR) method. To facilitate the proper 

understanding and usage of the ACR-PCR method, the following explanatory material is provided: 

a) the concept of the method; 

b) how the aircraft classification ratings (ACRs) of an aircraft are determined; and 

c) how the pavement classification ratings (PCRs) of a pavement can be determined usmg the 

cumulative damage factor (CDF) concept. 

The key parameters of the determination of the pavement classification rating (PCR) are summarized in Figure 

1-1 

r--- 
Pav.monts Sut.;:ade Tire used by Numerical Pa·/ement Evaluation 

"0 r-r- aircraft !-- value t-- type - streng I- ptessure - method .c ca~egay category "' .. > 5700 kg 
i- ~ i ;;;i 

.5;; 
t:Q. P.3ve~nts 0 I I I 
i- used by Maxinum allowable Maximum alowable 
II< '-- aircraft airuaftmaos I I ~re Pfesslle 

< HOOkg 

- 

Figure 1·1. Det.rmin~tion ofth. peR 
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1.1.2 Concept of the ACR-PCR method 
1.1.2. 1 The ACR-PCR method is meant only for the publication of pavement strength data in aeronautical 

information publications (AlPs). It is not intended for the design or evaluation of pavements, nor does it 

contemplate the use of a specific method by the aerodrome operator for either the design or evaluation of 

pavements. In fact, the ACR- PCR method does permit CARC to use any design/evaluation method of their 

choice. To this end, the method shifts the emphasis from the evaluation of pavements to the evaluation of the load 

rating of aircraft (ACR) and includes a standard procedure for the evaluation of the load rating of aircraft. The 

strength of a pavement is reported under the method in terms of the load rating of the aircraft, for example, that 

which the pavement can accept on an unrestricted basis. When referring to unrestricted operations, it does not 

mean unlimited operations, but 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. The term unlimited operations does not take into account pavement life. The PCR to be 

reported is such that the pavement strength is sufficient for the current and future traffic analysed and should be 

re-evaluated if traffic changes significantly. A significant change in traffic would be indicated by the introduction 

of a new aircraft type or an increase in current aircraft traffic levels not accounted for in the original PCR analysis. 

CARC can use any method of its choice to determine the load rating of its pavement, provided it uses the CDF 

concept. The PCR so reported would indicate that an aircraft with an ACR equal to or less than that load rating 

figure can operate on the pavement, subject to any limitation on the tire pressure. 

1.1.2. 2 The ACR-PCR method facilitates the reporting of pavement strengths on a continuous scale. The lower 

end of the scale is-zero and there is no upper end. Additionally, the same scale is used to measure the load ratings 

of both aircraft and pavements. 

1.1.2. 3 To facilitate the use of the method, aircraft manufacturers will publish, in the documents detailing the 

characteristics of their aircraft, ACRs computed at two different masses (the maximum apron mass and a 

representative operating mass empty) both on rigid and flexible pavements, and for the four standard subgrade 

strength categories. The ICAO-ACR computer programme, which is available to all stakeholders, provides any 

aircraft ACRs at any mass and centre of gravity (CG) position for both flexible and rigid pavement and for the 

four standard subgrade strength categories. It is to be noted that the mass used in the ACR calculation is a "static" 

mass and that no allowance is made for an increase in loading through dynamic effects. 

1.1.2. 4 The ACR-PCR method also envisages the reporting of the following information in respect of each 

pavement: 
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a) pavement type; 

b) sub grade category; 

c) maximum allowable tire pressure; and 

d) pavement evaluation method used 

The data obtained from the characteristics listed above are primarily intended to enable aircraft operators to 

determine the permissible aircraft types and operating masses, and the aircraft manufacturers to ensure 

compatibility between airport pavements and aircraft under development. There is, however, no need to report 

the actual subgrade strength or the maximum allowable tire pressure. Consequently, the subgrade strengths and 

tire pressures normally encountered have been grouped into categories as indicated in 1.1.3.2. It is sufficient for 

the airport authority to identify the categories appropriate to its pavement (see also the examples included in 

JCAR PART 14,2.6). 

1.1.2. SIn some cases, culverts, bridges, and other surface and subsurface structures can be the critical or limiting 

element necessitating the reporting of a lower PCR for the pavement. Considerations that permit the use of the 

ACR- PCR method to limit pavement overloading are not necessarily adequate to protect these structures. 

Evaluation of, and consideration for, these structures are covered in Chapter 7. 

1.1.3 How ACRs are determined 
1.1.3. 1 ACRs of aircraft are computed under the ACR-PCR method as shown in Figure 1-2. 

Relevant documents and software include the: 

I. Aircraft characteristics for airport planning (published by the aircraft manufacturers). 

2. ICAO-ACR computer programme (current version). 

1.1.3.2 The following are standard values used in the method and include descriptions of the vanous 

terms: 

Subgrade category 

1.1.3.2.1 In the ACR-PCR method, four standard sub grade values (modulus values) are used, rather than a 

continuous scale of subgrade moduli. The grouping of subgrades with a standard value at the mid-range of each 

group is considered to be entirely adequate for reporting. Subgrade categories apply to both flexible and rigid 

pavements. 
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1.1.3.2.2 The subgrade categories are identified as high, medium, low and ultra-low and are assigned the 

following numerical values: 

Code A - High strength; characterized by E = 200 MPa and representing all E values equal to or above 

150 MPa, for rigid and flexible pavements. 

Code B - Medium strength; characterized by E = 120 MPa and representing a range in E equal to or above 

100 MPa and strictly less than 150 MPa, for rigid and flexible pavements. 

Code C - Low strength; characterized by E = 80 MPa and representing a range in E equal to or above 60 

MPa and strictly less than 100 MPa, for rigid and flexible pavements. 

Code D - Ultra-low strength; characterized by E = 50 MPa and representing all E values strictly less than 60 

MPa, for rigid and flexible pavements. 

Concrete working stress for rigid pavements 

1.1.3.2.3For rigid pavements, a standard stress for reporting purposes is stipulated (a = 2.75 MPa) only as a 

means of ensuring uniform reporting. The working stress to be used for the design and/or evaluation of the 

pavements has no relationship to the standard stress for reporting. 

Figure 1-2 ACR Computation 1 
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Mathematically derived single wheel load 

1.1.3.2.4 The concept of a mathematically derived single wheel load has been employed in the ACR-PCR 

method as a means to define the aircraft landing gear-pavement interaction, without specifying pavement 

thickness as an ACR parameter. This is done by equating the thickness given by the mathematical model for an 

aircraft landing gear to the thickness for a single wheel at a standard tire pressure of 1.50 MPa. The single wheel 

load so obtained is then used without further reference to thickness; this is because the essential significance is 

attached to the fact of having equal thicknesses, implying "same applied stress to the pavement", rather than the 

magnitude of the thickness. The foregoing is in accordance with the objective of the ACR-PCR method for 

evaluating the relative loading effect of an aircraft on a pavement 

Aircraft classification rating (ACR) 

1.1.3.2.SThe ACR of an aircraft is numerically defined as two times the derived single wheel load, where the 

derived single wheel load is expressed in hundreds of kilograms. As noted previously, single wheel tire pressure 

is standardized at l.50 MPa. Additionally, the derived single wheel load is a function of the subgrade modulus. 

The aircraft classification rating (ACR) is defined only for the four standard subgrade categories (i.e. high, 

medium, low and ultra- low). The factor of two in the preceding numerical definition of ACR is used to achieve 

a suitable ACR versus gross mass scale, so that whole number values of ACR may be used with reasonable 

accuracy. 

1.1.3.2.6 Because an aircraft operates at various mass and CG conditions, the following conventions have been 

used in ACR computations (see Figures 1-3 and 1-4): 

a) the maximum ACR of an aircraft is calculated at the mass and CG that produces the highest main gear 

loading on the pavement (i.e. usually the maximum ramp mass and corresponding aft CG The aircraft 

tires are considered as inflated to the tire manufacturer's recommendation for the condition; 

b) relative aircraft ACR charts and tables show the ACR as a function of aircraft gross mass with the 

aircraft CG as a constant value corresponding to the maximum ACR value (i.e. usually the aft CG for 

maximum ramp mass) and at the maximum ramp mass tire pressure; and 

c) specific condition ACR values are those ACR values that are adjusted for the effects of tire pressure 

and/or CG location at a specified gross mass for the aircraft. 
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Mathematical models 

1.1.3. 3 The sole mathematical model used in the ACR-PCR method is the layered elastic analysis 

(LEA). The LEA model assumes that several homogeneous, elastic, isotropic layers arranged as a 

stack, whether flexible or rigid, can represent the pavement structure. Each layer in the system IS 

characterized by an elastic modulus Ei, Poisson's ratio vi, and a uniform layer thickness ti. Layers 

are assumed to be of infinite horizontal extent and the bottom or subgrade layer is assumed to 

extend vertically to infinity (i.e. the subgrade is modelled as an elastic half-space). Due to the linear 

elastic nature of the model, individual wheel loads can be summed to obtain the combined stress and 

strain responses for a complex, multiple-wheel aircraft gear load. The use of the LEA model permits 

the maximum correlation to worldwide pavement design methods. 

Computer programmes 

1.1.3. 4 The computer programme was developed using the above LEA mathematical model by the 

United States Federal Aviation Administration (FAA), named LEAF. LEAF is an open-source 

computer programme whose source code is available from the FAA, Airport Technology Research 

and Development Branch, William J. Hughes Technical Center, United States. In addition, a second 

LEA programme, Alize-Aeronautique, was developed by the French Institute of Science and 

Technology for Transport, Development and Networks (lFSTTAR) in partnership with AIRBUS 

SAS, and has been found to give nearly identical results for equal inputs. The ICAO-ACR computer 

programme incorporates the LEAF programme and was developed to implement the ACR 

computational procedures for rigid and flexible pavements. ICAO-ACR is distributed in compiled 

form as a Visual Basic.NET dynamic-link library (DLL), and may be linked to other programmes 

that either compute ACR directly or that use the ACR computation to evaluate PCR. By default, the 

ICAO- ACR programme takes as inputs: the maximum ramp mass for ACR calculations; per cent of 

maximum ramp mass acting on the main gear (equivalent for this purpose to the aft CG 

corresponding to maximum ramp mass); the number of wheels; the geometric coordinates of all 

wheels; and the type of pavement (rigid or flexible). The output is the ACR at each subgrade 

category and the pavement reference thickness, t, corresponding to ACR at each subgrade category. 

Appendix 2 of this Guidance material contains information on linking to the ICAO-ACR library. 
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Graphical procedures 

1.1.3.5 Graphical procedures should not be used for determining the ACR. Instead, use the 

computer programmes as described above. 

Rigid pavements 

1.1.3. 6 The rigid pavement ACR procedure relates the derived single wheel load at a constant 

tire pressure of 1.50 MPa to a reference concrete slab thickness, t. It takes into account the four 

subgrade categories detailed in 1.1.3.2.2, and a standard concrete stress of 2.75 MPa. Note that, 

because a standard concrete stress is used, no information concerning either pavement flexural 

strength or number of coverages is needed for the rigid ACR computation. The steps below are used 

to determine the rigid ACR of an aircraft. 

Reference pavement structure 

1.1.3.6.1 Using the aircraft data published by the manufacturer, obtain the reference thickness, t, for the given 

aircraft mass, E-value of the subgrade, and standard concrete stress for reporting, i.e. 2.75 MPa. For all four 

sub grade categories, assume the fo llowing cross-section for the LEA model (see Tab le 1-1): 

Table 1-1 reference pavement structure for rigid ACR 
Layer description designation Thickness, mm E, MPa v 

Surface course Layer 1 variable 27579 0.15 

(PCC) 

Base course Layer 2 200 500 0.35 

(crushed aggregate) 

Subgrade Layer 3 infinite See 1.1.3.2.2 0.40 

The minimum allowable thickness of Layer 1 in the LEA model is 50.8 mm. LEA computations further assume 

that the horizontal interface between Layer 1 and Layer 2 is not bonded (full slip), and that the horizontal interface 

between Layer 2 and Layer 3 is full bond. Within the LEA model, stress o is the maximum horizontal stress 

computed on the bottom of Layer 1 (the Portland cement concrete layer). 

Evaluation gear 

1.1.3.6.2 ACR value is computed for a single truck in the main landing gear assembly (i.e. for two wheels in a 

dual, or D assembly, four wheels in a dual-tandem, or 2D assembly, etc.). For more complex landing gear types 
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with more than two trucks (i.e. having a designation in FAA Order 5300.7, "Standard Naming Convention for 

Aircraft Landing Gear Configurations" consisting of more than two characters), the individual truck in the main 

gear assembly with the largest rigid ACR determines the rigid ACR for the aircraft. All trucks are evaluated at 

the mass and CG that produce the highest total main gear loading on the pavement. 

Stress evaluation points 

1.1.3.6.3 The number of LEA evaluation points is equal to the number of wheels in the evaluation gear. The 

evaluation points are located at the bottom of Layer I, below the centre point of each wheel. The thickness, t, 

of Layer I is adjusted until the maximum stress evaluated over all evaluation points is equal to 2.75 MPa. The 

resulting t is the reference thickness for the ACR. 

Derived single wheel load (DSWL) calculation 

1.1.3.6.4 Using the above reference thickness and the same LEA model as in 1.1.3.6.1 obtain a derived single 

wheel load for the selected subgrade. Maintaining the constant tire pressure of 1.50 MPa, the single wheel load 

magnitude is adjusted until the maximum horizontal stress at the bottom of Layer 1 is equal to 2.75 MPa. For 

evaluation of stresses under the single wheel load, use one evaluation point located at the bottom of Layer 1, 

directly below the centre of the wheel. 

Modified DSWL calculation for lightweight aircraft 

1.1.3.6.5 For some lightweight aircraft, the required reference thickness, t, is less than the minimum allowable 

thickness. Use the following modified steps to compute DSWL only when the theoretical thickness of Layer 1 

that makes the maximum stress equal to 2.75 MPa is less than 50.8 mm: 

a) determine the value of stress (less than 2.75 MPa) corresponding to the minimum allowable concrete 

thickness (50.8 mm); and 

b) calculate DSWL for the selected subgrade using the minimum thickness of the reference structure. 

Maintaining the constant tire pressure of 1.50 MPa, the single wheel load magnitude is adjusted until 

the maximum horizontal stress at the bottom of Layer 1 is equal to the value determined in a) above. 
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ACR calculation 

1.1.3.6.6 The aircraft classification rating, at the selected mass and subgrade category, is two times the derived 

single wheel load in hundreds of kilograms. The numerical value of ACR may be rounded to the nearest multiple 

of ten for reporting. 

Flexible pavements 

1.1.3. 7 The flexible pavement ACR procedure relates the derived single wheel load at a constant 

tire pressure of 1.50 MPa to a reference total thickness, t, computed for 36 500 passes of the aircraft. 

It takes into account the four subgrade categories detailed in 1.1.3 .2.2. 

Reference pavement structures 

1.1.3. 8 The ACR-PCR system must cover a wide range of aircraft, weighing from a few to several 

hundreds of tons. Reference structures have been chosen to produce appropriate thicknesses for the 

standard sub grade categories for the range of aircraft weights used. Determining the reference 

structures for the flexible ACR computation consists of defining the materials and constitutive 

properties of the several layers. All layers are defined by: Elastic modulus E, Poisson's ratio v, and 

(except for the design layer) the thickness t. LEA computations assume that all horizontal interfaces 

between layers are fully bonded. Tables 1-2 and 1-3 define the reference structures to be used in 

calculating flexible ACR. 

Table 1-2. Reference structure for flexible ACR (aircraft fitted with two or fewer wheels on all legs of the 

main landing gear) 

Layer description Thickness. rom E,MPa v 
Surface course (asphalt) 76 1379 0.35 
Base course (crushed aggregate) Variable See 1.1.3.l0 0.35 
Subgrade Infinite See 1.1.3.2.2 0.35 

Table 1-3. Reference structure for flexible ACR (aircraft fitted with more than two wheels on any leg of the 
. I di ) main an mg gear 

Layer'description Thickness • rom E.MPa .;; v 
Surface course (asphalt) 127 1379 0.35 
Base course (crushed aggregate) Variable See 1.1.3.10 0.35 
Subgrade Infinite See 1.1.3.2.2 0.35 
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l.l.3. 9 In the LEA model, the minimum allowable thickness of the variable (base course) layer is 

25.4 mm, Because of the intentionally limited number of reference structures, computed layer 

thicknesses may not be realistic at the extremes of the aircraft weight range. However, this does not 

invalidate the ACR concept, in which t is a relative indicator rather than the basis for a practical 

design. 

Base layer modulus 

1.1.3. 10 All flexible reference pavement structures include a variable thickness layer above the 

subgrade, representing a crushed aggregate base layer. The modulus of the variable thickness layer is 

not fixed in the ACR procedure, but is a function of the thickness and of the subgrade modulus. 

Within the LEA model, the base layer is subdivided into smaller sublayers and a modulus value is 

then assigned to each sublayer using a recursive procedure as explained below. Modulus values are 

assigned to the sublayers following the procedure in the FAA computer programme F AARFIELD 

(version 1.42), for item P-209 (crushed aggregate). The steps in the procedure are as follows: 

Step 1 

Determine the number of sublayers N If the base layer thickness tB is less than 381 mm, then N = 1 and 

sublayering is not required. If tB is greater than or equal to 381 mm, the number of sub layers is: 

N = tnt (Zt;4 + 0.5)1 
where ts is in mm, and the integer function returns the integer part of the argument (i.e. rounds down to the next 

whole number). 

Step 2 

Determine the thickness of each sublayer. If N = 1, then the sub layer thickness is equal to the base layer thickness 

tB. If N > 1, then the thickness of the bottom N - 1 sublayer is 254 mm, and the thickness of the top sublayer 

is te- (N -1) x 254 mm. Note that, in general, the N sub-layers do not have equal thickness. For example, if 
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