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GLOSSARY 
 

Terms which are defined in the ICAO Lexicon Volume I (Doc 9110) are used in accordance with the 

meanings and usages given therein.  A wide variety of terms is in use throughout the world to 

describe soils, construction materials, and components of airport pavements.  As far as possible the 

terms used in this document are those which have the widest international use. However, for the 

convenience of the reader a short list of preferred terms and secondary terms which are considered to 

be their equivalent, and their definitions, is given below. 

 

Preferred Term Secondary Term Definition 

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 

specified standard subgrade strength. 

 

Asphaltic concrete      Bitumen concrete          A graded mixture of aggregate, and 

filler  with asphalt or bitumen, placed 

hot or cold, and rolled. 

 

Base Course Base  The layer or layers of specified or 

selected material of designed 

thickness placed on a sub-base or 

subgrade to support surface course. 

Bearing strength Bearing capacity 

pavement strength 

The measure of the ability of a 

pavement to sustain the applied load. 

CBR 

 

 

 

 

 

 

 

 

Composite pavement 

California Bearing Ratio The bearing ratio of soil determined 

by comparing the penetration load of 

the soil to that of a standard material 

(see ASTM DI883).  The method 

covers evaluation of the relative 

quality of subgrade soils but is 

applicable to sub-base and some base 

course materials. 

 

A pavement consisting of both 

flexible and rigid layers with and 
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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. 

 

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 for unrestricted 

operations. 

 

Pavement Structure Pavement The combination of sub-base, base 

course, and surface course placed on 

a subgrade to support the traffic load 

and distribute it to the subgrade. 

 

Portland cement concrete Concrete 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. 

 

Sub-base course 

 

Sub-base The layer or layers of specified 

selected material of designed thickness 

placed on a subgrade to support a base 

course. 

Subgrade Formation foundation The upper part of the soil, natural or 

constructed, which supports the loads 

transmitted by the pavement. 

Surface Course Wearing course The top course of a pavement 

structure. 

 



Guidance Document for Airport Pavement  
 

9 

 

FOREWORD 
 

 

 

This supporting document on Runway Pavement contains guidance on the design of pavements 

including their characteristics and on evaluation and reporting of their bearing strength. The material 

included herein is closely associated with the specifications contained in CAR-14, Part IïAerodromes 

Design and Operations. 

 

The main objective of this guidance material is to assist proper design and construction of Runway 

Pavement with uniform application of those specifications for the safety and regularity of civil 

aviation. 

 

 

 

 

 

 

 

 
 

-------------------- 
Director General 
 
 
Civil Aviation Authority of Nepal       2019 
Babar Mahal, Kathmandu, Nepal 
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CHAPTER 1:-PROCEDURES FOR REPORTING AERODROME PAVEMENT 

STRENGTH 

1.1 Procedure for pavements meant for heavy aircraft (ACN-PCN method) 

 

1.1.1 Introduction 

 

1.1.1.1  CAR-14, Part I, 2.6.2 specifies that the bearing strength of a pavement intended for aircraft of 

mass greater than 5700 kg shall be made available using the aircraft classification number - 

pavement classification number (ACN-PCN) method.  To facilitate a proper understanding and 

usage of the CAN-PCN method the following material explains: 

 

a) the concept of the method; and 

 

b) how the ACNs of an aircraft are determined. 

 

1.1.2  Concept of the ACN-PCN method 

 

1.1.2.1 CAR-14, Part I defines ACN and PCN as follows: 

 

 ACN- A number expressing the relative effect of an aircraft on a pavement for specified standard 

subgrade strength. 

    

PCN - A number expressing the bearing strength of a pavement for unrestricted operations. 

 

At the outset, it needs to be noted that the ACN-PCN method is meant only for publication of pavement 

strength data in the Aeronautical Information Publications (AIPS).  It is not intended for design or 

evaluation of pavements, nor does it contemplate the use of a specific method by the airport authority 

either for the design or evaluation of pavements   In fact, the ACN-PCN method does permit States to 

use any design/evaluation method of their choice.  To this end, the method shifts the emphasis from 

evaluation of pavements to evaluation of load rating of aircraft (ACN) and includes a standard 

procedure for 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 which the pavement can accept on an unrestricted 

basis. The airport authority can use any method of his choice to determine the load rating of his 

pavement.  If, in the absence of technical evaluation, he chooses to go on the basis of the using aircraft 

experience, then he would compute the ACN of the most critical aircraft using one of the procedures 

described below, convert this figure into an equivalent PCN and publish it in the AIP as the load rating 

of his pavement.  The PCN so reported would indicate that an aircraft with an ACN equal to or less 

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

 

1.1.2.2 The ACN-PCN method contemplates 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. 
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1.1.2.3 To facilitate the use of the method, aircraft manufacturers will publish, in the documents 

detailing the characteristics of their aircraft, ACNs computed at two different masses:  maximum 

apron mass, and a representative operating mass empty, both on rigid and flexible pavements and 

for the four standard subgrade strength categories.  Nevertheless, for the sake of convenience 

CAR-14, Part I, Attachment A and Appendix 5 hereto include a table showing the ACNs of a 

number of aircraft.  It is to be noted that the mass used in the ACN calculation is a "static" mass 

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

 

 

1.1.2.4 The ACN-PCN method also envisages the reporting of the following information in respect 

of each pavement: 

 

a) pavement type; 

 

b) subgrade category; 

 

c) maximum tire pressure allowable; and 

 

d) pavement evaluation method used. 

 

The above data 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 tire pressure allowable.  Consequently, the subgrade strengths and tire pressures normally 

encountered have been grouped into categories as indicated in 1.1.3.2 below. It would be sufficient if the 

airport authority identifies the categories appropriate to his pavement. (See also the examples included under 

CAR-14, Part I, 2.6.6.)                               

 

1.1.3 How ACNs are determined 

 

1.1.3.1 The flow chart, below, briefly explains how the ACNs of aircraft are computed under the 

ACN-PCN method. 
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1.1.3.2 Standard values used in the method description of the various terms. 

 

a) Subgrade category.  In the ACN-PCN method eight standard subgrade values (i.e., four 

rigid pavement k values and four flexible pavement CBR values) are used, rather than a 

continuous scale of subgrade strengths. The grouping of subgrade with a standard value 

at the mid-range of each group is considered to be entirely adequate for reporting,  The 

subgrade strength categories are identified as high, medium, low and ultra  low and 

assigned the following numerical values: 

 

Subgrade strength category 

 

High strength; characterized by k* = 150 MN/m
3
 and representing all k values 

above 120 MN/m
3
 for rigid pavements, and by CBR 15 and representing all 

CBR values above 13 for flexible pavements. 

 

Medium strength; characterized by k = 80 MN/m
3
and representing a range in k 

of 60 to 12.0 MN/m
3
 for rigid  pavements, and by CBR 10 and representing a 

range in  CBR of 8 to 13 for flexible pavements. 

 

Low strength; characterized by k = 40 MN/m
3 
and representing a range in k of 

25 to 60 MN/m
3
 for rigid pavements, and by CBR 6 and representing a range 

in CBR of 4 to 8 for flexible pavements. 

 

Ultra low strength; characterized by k = 20 MN/m
3
 and representing all k values 

below 25 MN/m
3
 for rigid pavements, and by CBR = 3 and representing all CBR 

values below 4 for flexible pavements. 

 

b) Concrete working stress for rigid pavements.  For rigid pavements, a standard stress for 

reporting purposes is stipulated (ů = 2.75 MPa) only as a means of ensuring uniform reporting.  

The working stress to be used for the design and/or evaluation of pavements has no 

relationship to the standard stress for reporting. 

 

c) Tire pressure.  The results of pavement research and re-evaluation of old test results reaffirm 

that except for unusual pavement construction (i.e. flexible pavements with a thin asphaltic 

concrete cover or weak  upper layers), tire pressure effects are secondary to load and wheel 

spacing, and may therefore be categorized in four groups for reporting purposes as:  high, 

medium, low and very low and assigned the following  numerical values: 

 

Unlimited - No pressure limit 

 

High - Pressure limited to 1.75 MPa 

 

Medium - Pressure limited to 1.25MPa 

 

Low - Pressure limited to 0.50 MPa 
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* Values determined using a 75 cm diameter plate. 

 

 

d) Mathematically derived single wheel load:  The concept of a mathematically derived single 

wheel load has been employed in the ACN-PCN method as a means to define the landing 

gear/pavement interaction without specifying pavement thickness as an ACN 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 1.25 MPa.  

The single wheel load so obtained is then used without further reference to thickness; this 

is so because the essential significance is attached to the fact of having equal thicknesses, 

implying ñsame applied stress to the pavementò, rather than the magnitude of, the 

thickness. The foregoing is in accord with the objective of the ACN-PCN method to 

evaluate the relative loading effect of an aircraft on a pavement. 

 

e) Aircraft classification number (ACN).  The ACN of an aircraft is numerically defined as 

two times the derived single wheel load, where the derived single wheel load is expressed 

in thousands of kilograms. As noted previously, the single wheel tire pressure is 

standardized at1.25 MPa.  Additionally, the derived single wheel load is a function of the 

subgrade strength.  The aircraft classification number (ACN) is defined only for the four 

subgrade categories (i.e., high, medium, low, and ultra low strength).  The "two" (2) factor 

in the numerical definition of the ACN is used to achieve a suitable ACN vs. gross mass 

scale so that whole number ACNs may be used with reasonable accuracy. 

 

f) Because an aircraft operates at various mass and centre of gravity conditions the following 

conventions have been used in ACN computations (see Figure 1-1). 

 

1)  The maximum ACN of an aircraft is calculated at the mass and e.g. 

that produces the highest main gear loading on the pavement, usually 

the maximum ramp mass and corresponding aft e.g.  The aircraft 

tires are considered as inflated to the manufacturers 

órecommendation for the condition; 

 

2) Relative aircraft ACN charts and tables show the ACN as a function of 

aircraft gross mass with the aircraft e.g. at a constant value 

corresponding to the maximum ACN value (i.e., usually, the aft e.g., 

for max ramp mass)  and at the max ramp mass tire pressure; and 

 

3) Specific condition ACN values are those ACN values that are adjusted 

for the effects of tire pressure and/or e.g. location, at a specified gross 

mass for the aircraft. 

1.1.3.3 Abbreviations 

  

a) Aircraft parameters 

 

MRGM - Maximum ramp gross mass in kilograms 
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b) Pavement and subgrade parameters 

 

ů - Standard working stress for reporting, 2.75 MPa 

 

t - Pavement thickness in centimeters 

  

Thickness of slab for rigid pavements, or Total thickness of 

pavement structural system (surface to subgrade) for flexible 

pavements (see Figure 1-2). 

 

 

Figure 1-1 Landing gear loading on pavement Model DC-10 Series 30, 30CF, 40 and 40CF 
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Figure 1-2 

 

 

 

Figure 1-3 

 

CBR - California Bearing Ratio in per cent 

Tire Pressures 

Ps - Tire pressure f or derived single wheel load - 1.25 MPa 

Pq - Tire pressure for aircraft maximum ramp mass condition 
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1.1.3.4 Mathematical models. Two mathematical models are used in the ACN-PCN method: the 

Westergaard solution for a loaded elastic plate on a Winkler foundation (interior load 

case) for rigid pavements, and the Boussinesq solution for stress and displacements in a 

homogeneous isotropic elastic half-space under surface loading for flexible pavements. 

The use of these two, widely used, models permits the maximum correlation to world-

wide pavement design methodologies, with a minimum need for pavement parameter 

values (i.e., only approximately subgrade k or CBR values are required). 
 

1.1.3.5 Computer programmes. The two computer programmes developed using these 

mathematical models are reproduced in Appendix 2. The programme for evaluating 

aircraft on rigid pavements is based on the programme developed by Mr. R.G. Packard
*
 

of Portland Cement Association, Illinois, USA and that for evaluating aircraft on flexible 

pavements is based on the US Army Engineer Waterways Experiment Station Instruction 

Report S-77-1, entitled ñProcedures for Development of CBR Deign Curvesò. It may, 

however, be noted that the aircraft classification tables included in CAR-14, Part I, 

Attachment A and in Appendix 5 of this Manual completely eliminate the need to use 

these programmes in respect of most of the aircraft currently in use. 
 

1.1.3.6 Graphical procedures.  Aircraft for which pavement thickness requirement charts have 

been published by the manufactures can also be evaluated using the graphical procedures 

described below. 
 

1.1.3.7 Rigid pavements. This procedure uses the conversion chat shown in Figure 1-4 and the 

pavement thickness requirement charts published by the aircraft manufactures. The 

Portland Cement Association computer programme referred to in 1.1.3.5 was used in 

developing Figure 1-4. This figure related the derived single wheel load at a constant tire 

pressure of 1.25 MPa to a reference pavement thickness. It takes into account the four 

standard subgrade k values detailed in 1.1.3.2.a) above, and a standard concrete stress of 

2.75MPa. The figure also includes an ACN scale which permits the ACN scale which 

permits the ACN to be read directly. The following steps are used to determine the ACN 

of an aircraft:  

a) Using the pavement requirement chart published by the manufacturer obtain the 

reference thickness for the given aircraft mass, k value of the subgrade, and the 

standard concrete stress for reporting, i.e., 2.75 MPa; 

b) Using the above reference thickness and Figure 1-4, obtain a derived single wheel 

load for the selected subgrade; and  

------------------------------ 

* Refer to document entitled ñDesign of Concrete Airport Pavementò by R.G.  Packard, 

Portland Cement Association, Skokie, Illinois, 60076, dated 1973. 
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Figure 1-4. ACN Rigid Pavement Conversion Chart 
 

 

c) The aircraft classification number, at the selected mass and subgrade k value, is two 

times the derived single wheel load in 1000 kg.  Note that the ACN can also be read 

directly from the chart.  Note further that tire pressure corrections are not needed 

when the above procedure is used 

 



Guidance Document for Airport Pavement  
 

19 

 

1.1.3.8 Flexible pavements.  This procedure uses the conversion chart shown in Figure 1-5 and 

the pavement thickness requirement charts published by the aircraft manufacturers based 

on the United States Army Engineers CBR procedure.  The former chart has been 

developed using the following expression: 
 

 

 

 

Where t = reference thickness in cm. 

 

DSWL = a single wheel load with 1 .25 MPa tire pressure 

 

Ps = 1. 25 MPa 

 

CBR = standard subgrade (Note that the chart uses four 

standard values 3, 6, 10 and 15) 

 

C1 = 0.5695        C2 =32.035 
 

The reason for using the latter charts is to obtain the equivalency between the "group of 

landing gear wheels effect" to a derived single wheel load by means of Boussinesq 

Deflection Factors. The following steps are used to determine the ACN of an aircraft: 

 

a) using the pavement requirement chart published by the manufacturer determine the 

reference thickness for the given aircraft mass, subgrade category, and 10000 coverages; 

 

b) enter Figure 1-5 with the reference thickness determined in step a) and the CBR 

corresponding to the subgrade category and  read the derived single wheel load; and 

 

c) The ACN at the selected mass and subgrade category is two times the derived single wheel 

load in 1000 kg.  Note that the ACN can also be read directly from the chart.  Note further 

that tire pressure corrections are not needed when the above procedure is used. 

 

1.1.3.9 Tire pressure adjustment to ACN.  Air craft normally have their tires inflated to the 

pressure corresponding to the maximum gross mass and maintain this pressure 

regardless of the variations in take-off masses.  There are times, however, when 

operations at reduced masses and reduced tire pressures are productive and reduced 

ACNs need to be calculated. To do this for rigid pavements, a chart has been prepared 

by the use of the PCA computer programme PDILB and is given in Figure 1-6.  The 

example included in the chart itself explains how the chart is used. 
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Figure 1-5. ACN Flexible Pavement Conversion Chart 
 

 

 

1.1.3.10 For flexible pavements, the CBR equation  

 

Was used to equate thickness and solve for the reduced pressure ACN in terms of the maximum 

tire pressure ACN at the reduced mass giving the following expression: 
 

 

ACN    =  ACN  

Reduced          Maximum          

pressure         pressure 
 

 

 

 

 

(For values of C1 and C2 see 1.1.3.8) 
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1.1.3.11 Worked examples 

 

Example 1: Find the ACN of B727-200 Standard at 78500 kg on a rigid pavement resting on a 

medium strength subgrade (i.e., k = 80 MN/m3).  The tire pressure of the main 

wheels is 1.15MPa. 

 

Solution: The ACN of the aircraft from the table in Appendix 5 of this Manual is 48. 

It is also possible to determine the ACN of the aircraft using Figure 1-4 and the 

pavement requirement chart for the aircraft in Figure 1-7.  This method involves 

the following operations: 

a)  from Figure 1-7 read the thickness of concrete needed for the aircraft mass of 

78500 kg, the subgrade k value of 80 MN/m
3
,and the standard concrete stress of 

2.75 MPa as 31.75 cm; and 

b)  Enter Figure 1-4 with this thickness and read the ACN of the aircraft for the 

medium strength subgrade as48. 
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Figure 1-6. ACN tire pressure adjustment ï rigid pavements only 

 

Example 2: An AIP contains the following information related to a runway pavement: 

  

   PCN of the pavement = 80 

   Pavement type = rigid 

   Subgrade category = medium strength 

   Tire pressure limitation = none 
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Determine whether the pavement can accept the following aircraft at the   

indicated operating masses and tire pressures: 

 

 

 Mass Tire pressure 

Airbus A 300 Model B2 at 142000 kg 1.23 MPa 

B747-100 at 334751 kg 1.55 MPa 

Concorde at 185066 kg 1.26 MPa 

DC-10-40 at 253105 kg 1.17 MPa 

 

Solution: ACNs of these aircraft from Appendix 5 of this Manual are 44, 51, 71 and 53, 

respectively. Since the pavement in question has a PCN of 80, it can accept all of 

these aircraft. 

Example 3: Find the ACN of DC-10-10 at 157400kg on a flexible pavement resting on a 

medium strength subgrade (CBR 10). The tire pressure of the main wheels is 1.28 

MPa. 

Solution: The ACN of the aircraft from Appendix 5 of this Manual is  

 

 

 

 

It is also possible to determine the ACN of the aircraft using Figure 1-5 and the pavement 

requirement chart in Figure 1-8. This method involves the following operations: 

a) from Figure 1-8 read the thickness of pavement needed for the aircraft mass of 

157400 kg and the subgrade CBR of 10 as 57 cm; and 

b) Enter Figure 1-5 with this thickness and read the ACN of aircraft for the 

subgrade CBR of 10 is 44. 
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Figure 1-7 
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Figure 1-8. DC 10-10 Flexible Pavement Requirements 10000 Coverages aft c.g 

1.2 Procedure for pavements meant for light aircraft 

 

1.2.1 The ACN-PCN method described in 1.1 is not intended for reporting strength of 

pavements meant for light aircraft, i.e., those with mass less than 5700 kg. CAR-14, Part 

I specifies a simple procedure for such pavements.  This procedure envisages the 

reporting of only two elements:  max min allowable aircraft mass and maximum 

allowable tire pressure. It is important to note that the tire pressure categories of the 

ACN-PCN method (1.1.3.2, c) are not used for reporting maximum allowable tire 

pressure. Instead, actual tire pressure limits are reported as indicated in the following 

example: 

Example: 4000 kg/0.50 MPa 

------------------------------------ 
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CHAPTER 2: - GUIDANCE ON OVE RLOAD OPERATIONS  

 

2.1 Criteria suggested in CAR-14, Part I, Attachment A 

 

2.1.1 Overloading of pavements can result either from loads too large or from a substantially 

increased application rate or both.  Loads larger than the defined (design or evaluation) 

load shorten the design life whilst smaller loads extend it. With the exception of massive 

overloading, pavements in their structural behaviour are not subject to a particular 

limiting load above which they suddenly or catastrophically fail. Behaviour is such that a 

pavement can sustain a definable load for an expected number of repetitions during its 

design life.  As a result, occasional minor overloading is acceptable, when expedient, 

with only limited loss in pavement life expectancy and relatively small acceleration of 

pavement deterioration.  For those operations in which magnitude of overload and/or the 

frequency of use do not justify a detailed analysis the following criteria are suggested: 

 

(a) For flexible pavements occasional movements by aircraft with ACN not exceeding 

10 per cent above the reported PCN should not adversely affect the pavement; 

 

(b) for rigid or composite pavements, in which a rigid pavement layer provides a 

primary element of the structure, occasional movements by aircraft with ACN not 

exceeding 5 per cent above the reported PCN should not adversely affect the 

pavement; 
 

(c) if the pavement structure is unknown the 5 per cent limitation should apply; and 

 

(d) The annual number of overload movements should not exceed approximately 5 per 

cent of the total annual aircraft movements. 

 

2.1.2 Such overload movements should not normally be permitted on pavements exhibiting 

signs of distress or failure. Furthermore, overloading should be avoided during any periods 

of thaw following frost penetration or when the strength of the pavement or its subgrade 

could be weakened by water. Where overload operations are conducted, the appropriate 

authority should review the relevant pavement condition regularly and should also review 

the criteria for overload operations periodically since excessive repetition of overloads can 

cause severe shortening of pavement life or require major rehabilitation of pavement. 
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CHAPTER 3: - EVALUATION OF PAVEMENTS  

3.1. General 

 

3.1.1. The purpose of this chapter is to present guidance on the evaluation of pavements to 

those responsible for evaluating and reporting pavement bearing strength. Recognizing 

that responsible individuals may range from experienced pavement engineers to airfield 

managers not enjoying the direct staff support of pavement behavior experts, 

information will be included which attempts to serve the various levels of need. 

 

3.2. Elements of pavement evaluation 

 

3.2.1. The behaviour of any pavement depends upon the native materials of the site, which 

after leveling and preparation is called the subgrade, its structure including all layers up 

through the surfacing, and the mass and frequency of using aircraft.  Each of these three 

elements must be considered when evaluating a pavement. 

 

3.2.2. The subgrade.  The subgrade is the layer of material immediately below the pavement 

structure which is prepared during construction to support the loads transmitted by the 

pavement.  It is prepared by stripping vegetation, leveling or bringing to planned grade 

by cut and fill operations, and compacting to the needed density.  Strength of the 

subgrade is a significant element and this must be characterized for evaluation or design 

of a pavement facility or for each section of a facility evaluated or designed separately, 

Soil strength and therefore subgrade strength is very dependent on soil moisture and 

must be evaluated for the condition it is expected to attain in situ beneath the pavement 

structure.  Except in cases with high water tables, unusual drainage, or extremely porous 

or cracked pavement conditions soil moisture will tend to stabilize under wide 

pavements to something above 90 per cent of full saturation.  Seasonal variation 

(excepting frost penetration of susceptible materials) is normally small to none and 

higher soil moisture conditions are possible even in quite arid areas.  Because materials 

can vary widely in type the subgrade strength established for a particular pavement may 

fall anywhere within the range indicated by the four subgrade strength categories used in 

the ACN-PCN method,  See Chapter 1 of this Manual and CAR-14, Part I, Chapter 2. 

 

3.2.3. The pavement structure.   The terms "rigid" and ñflexible" have come into use for 

identification of the two principal types of pavements.  The terms attempt to characterize 

the response of each type to loading.  The primary element of a rigid pavement is a layer 

or slab of Portland cement concrete (PCC), plain or reinforced in any of several ways. It 

is often underlain by a granular layer which contributes to the structure both directly and 

by facilitating the drainage of water.  A rigid pavement responds "stiffly" to surface 

loads and distributes the loads by bending or beam action to wide areas of the subgrade.  

The strength of the pavement depends on the thickness and strength of the PCC and any 

underlying layers above the subgrade.  The pavement must be adequate to distribute 

surface loads so that the pressure on the subgrade does not exceed its evaluated strength.  
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A flexible pavement consists of a series of layers increasing in strength from the 

subgrade to the surface layer. A series such as select material, lower sub-base, sub-base, 

base and wearing course is commonly used.  However, the lower layers may not be 

present in a particular pavement.  The pavements meant for heavy aircraft usually have a 

bituminous bound wearing course.  A flexible pavement yields more under surface 

loading merely accomplishing a widening of the 1oaded area and consequent reduction 

of pressure layer by layer.  At each level from the surface to subgrade, the layers must 

have strength sufficient to tolerate the pressures at their level. The pavement thus 

depends on its thickness over the subgrade for reduction of the surface pressure to a 

value which the subgrade can accept.  A flexible pavement must also have thickness of 

structure above each layer to reduce the pressure to a level acceptable by the layer.  In 

addition, the wearing course must be sufficient in strength to accept without distress tire 

pressures of using aircraft. 

 

3.2.4. Aircraft loading.  The aircraft mass is transmitted to the pavement through the 

undercarriage of the aircraft. The number of wheels, their spacing, tire pressure and size 

determine the distribution of aircraft load to the pavement.  In general, the pavement 

must be strong enough to support the loads applied by the individual wheels, not only at 

the surface and the subgrade but also at intermediate levels.  For the closely spaced 

wheels of dual and dual-tandem legs and even for adjacent legs of aircraft with complex 

undercarriages the effects of distributed loads from adjacent wheels overlap at the 

subgrade (and intermediate) level.  In such cases, the effective pressures are those 

combined from two or more wheels and must be attenuated sufficiently by the pavement 

structure.  Since the distribution of load by a pavement structure is over a much 

narrower area on a high strength subgrade than on a low strength subgrade, the 

combining effects of adjacent wheels is much less for pavements on high strength than 

on low strength subgrades.  This is the reason why the relative effects of two aircraft 

types are not the same for pavements of equivalent design strength, and this is the basis 

for reporting pavement bearing strength by sub-grade strength category. Within 

subgrade strength category the relative effects of two aircraft types on pavements can be 

uniquely stated with good accuracy. 

 

3.2.5. Load repetitions and composition of traffic.  It is not sufficient to consider the 

magnitude of loading alone. There is a fatigue or repetitions of load factor which should 

also be considered.  Thus magnitude and repetitions must be treated together, and a 

pavement which is designed to support one magnitude of load at a defined number of 

repetitions can support a larger load at fewer repetitions and a smaller load for a greater 

number of repetitions.  It is thus possible to establish the effect of one aircraft mass in 

terms of equivalent repetitions of another aircraft mass (and type).Application of this 

concept permits the determination of a single (selected) magnitude of load and 

repetitions level to represent the effect of the mixture of aircraft using a pavement. 

 

3.2.6. Pavement condition survey.  A particularly important adjunct to or part of evaluation is 

a careful condition survey.  The pavement should be closely examined for evidences of 

deterioration, movement, or change of any kind.  Any observable pavement change 

provides information on effects of traffic or the environment on the pavement. 
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Observable effects of traffic along with an assessment of the magnitude and 

composition of that traffic can provide an excellent basis for defining the bearing 

capacity of a pavement. 

 

3.3. Elements of the ACN-PCN method 

 

3.3.1. Pavement classification number.  The pavement classification number (PCN)is an index 

rating (1/500
th
) of the mass which an evaluation shows can be borne by the pavement 

when applied by a standard (l.25 MPa tire pressure)single-wheel.  The PCN rating 

established for a pavement indicates that the pavement is capable of supporting aircraft 

having an ACN (aircraft classification number) of equal or lower magnitude. The ACN 

for comparison to the PCN must be the aircraft ACN established for the particular 

pavement type and subgrade category of the rated pavement as well as for the particular 

aircraft mass and characteristics. 

 

3.3.2. Pavement type.  For purposes of reporting pavement strength, pavements must be 

classified as either rigid or flexible.  A rigid pavement is that employing a Portland 

cement concrete (PCC) slab whether plain, reinforced, or prestressed and with or 

without intermediate layers between the slab and subgrade.  A flexible pavement is that 

consisting of a series of layers increasing in strength from the subgrade to the wearing 

surface.  Composite pavements resulting from a PCC overlay on a flexible pavement or 

an asphaltic concrete overlay on a rigid pavement or those incorporating chemically 

(cement) stabilized layers of particularly good integrity require care in classification.  If 

the ñrigidò element remains the predominant structural element of the pavement and is 

not severely distressed by closely spaced cracking the pavement should be classified as 

rigid.  Otherwise the flexible classification should apply. Where classification remains 

doubtful, designation as flexible pavement will generally be conservative.  Unpaved 

surfaces (compacted earth, gravel, laterite, coral, etc.) should be classified as flexible for 

reporting.  Similarly, pavements built with bricks, or blocks should be classified as 

flexible.  Large pre-cast slabs which require crane handling for placement can be 

classified as rigid when used in pavements.  Pavements covered with landing mat and 

membrane surfaced pavements should be classified as flexible. 

 

3.3.3. Subgrade Category. Since the effectiveness of aircraft undercarriages using multiple-

wheels is greater on pavements founded on strong subgrades compared to those on weak 

subgrades, the problem of reporting bearing strength is complicated.  To simplify the 

reporting and permit the use of index values for pavement and aircraft classification 

numbers (PCN and ACN) the ACN-PCN method uses four subgrade strength 

categories. These are termed:  high, medium, low and ultra low with prescribed ranges 

for the categories.   It follows that for a reported evaluation (PCN) to be useful the 

subgrade category to which the subgrade of the reported pavement belongs must be 

established and reported.  Normally subgrade strength will have been evaluated in 

connection with original design of a pavement or later rehabilitation or strengthening. 

Where this information is not available the subgrade strength should be determined as 

part of pavement evaluation. Subgrade strength evaluation should be based on testing 
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wherever possible. Where evaluation based on testing is not feasible a representative 

subgrade strength category must be selected based on soil characteristics, soil 

classification, local experience, or judgement. Commonly one subgrade category may 

be appropriate for an aerodrome.  However, where pavement facilities are scattered over 

a large area and soil conditions differ from location to location several categories may 

apply and should be assessed and so reported.  The subgrade strength evaluated must be 

that in situ beneath the pavement. The subgrade beneath an aerodrome pavement will 

normally reach and retain a fairly constant moisture and strength despite seasonal 

variations. However, in the case of severely cracked surfacing, porous paving, high 

ground water, or poor local drainage, the subgrade strength can reduce substantially 

during wet periods.  Gravel and compact soil surfaces will be especially subject to 

moisture change. And in areas of seasonal frost, a lower reduced subgrade strength can 

be expected during the thaw period where frost susceptible materials are involved. 

 

3.3.4. Tire pressure category. Directly at the surface the tire contact pressure is the most 

critical element of loading with little relation to other aspects of pavement strength. This 

is the reason for reporting permissible tire pressure in terms of tire pressure categories.  

Except for rare cases of spalling joints and unusual surface deficiencies, rigid pavements 

do not require tire pressure restrictions. However, pavements categorized as rigid which 

have overlays of flexible or bituminous construction must be treated as flexible 

pavements for reporting permissible tire pressure.  Flexible pavements which are 

classified in the highest tire pressure category must be of very good quality and integrity, 

while those classified in the lowest category need only be capable of accepting casual 

highway traffic.  While tests of bituminous mixes and extracted cores for quality of the 

bituminous surfacing will be most helpful in selecting the tire pressure category, no 

specific relations have been developed between test behaviour and acceptable tire 

pressure.  It will usually be adequate, except where limitations are obvious, to establish 

category limits only when experience with high tire pressures indicates pavement distress. 

 

3.3.5. Evaluation method. Wherever possible reported pavement strength should be based on a 

"technical evaluation". Commonly, evaluation is an inversion of a design method.  Design 

begins with the aircraft loading to be sustained and the subgrade strength resulting from 

preparation of the local soil, then provides the necessary thicknesses and quality of 

materials for the needed pavement structure. Evaluation inverts this process. It begins with 

the existing subgrade strength, finds thickness and quality of each component of the 

pavement structure, and uses a design procedure pattern to determine the aircraft loading 

which the pavement can support. Where available the design, testing, and construction 

record data for the subgrade and components of the pavement structure can often be used 

to make the evaluation.  Or, test pits can be opened to determine the thicknesses of layers, 

their strengths, and subgrade strength for the purpose of evaluation.  A technical 

evaluation also can be made based on measurement of the response of pavement to load.  

Deflexion of a pavement under static plate or tire load can be used to predict its behaviour.  

Also there are various devices for applying dynamic loads to a pavement, observing its 

response, and using this to predict its behaviour.  When for economic or other reasons a 

technical evaluation is not feasible, evaluation can be based on experience with ñusing 

aircraftò.  A pavement satisfactorily supporting aircraft using it can accept other aircraft if 
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they are no more demanding than the using aircraft. This can be the basis for an 

evaluation. 

 

3.3.6. Pavements for light aircraft.  Light aircraft are those having a mass of 5700kg or less. 

These aircraft have pavement requirements less than that of many highway trucks, 

Technical evaluations of those pavements can, of course, be made, but an evaluation 

based on using aircraft is satisfactory. It is worth noting that at some airports service 

vehicles such as fire trucks, fuel trucks, or snow ploughs may be more critical than 

aircraft.  Since nearly all light aircraft have single-wheel undercarriage legs there is no 

need for reporting subgrade categories.  However, since some helicopters and military 

trainer aeroplanes within this mass range have quite high tire pressures limited quality 

pavements may need to have tire pressure limits established. 

3.4. Assessing the magnitude and composition of traffic 

 

3.4.1. General.  Pavement bearing strength evaluations should address not merely an 

allowable load but a repetitions use level for that load.  A pavement which can sustain 

many repetitions of one load can sustain a larger load but for fewer repetitions.  

Observable effects of traffic, even those involving careful measurements or on samples 

in controlled laboratory tests, unfortunately do not (unless Physical damage is 

apparent*) permit a determination of the portion of pavement's repetitions life that has 

been used or, conversely, is remaining.  Thus an evaluation leading to bearing capacity 

determination is an assessment of pavement's total expected repetitions (traffic/load) 

life.  Any projection of remaining useful life of the pavement will depend on a 

determination of all traffic sustained since construction or reconstruction. 

 

* In the case of evident physical damage a pavement will already be in the last stages of 

its useful life. 

 

3.4.2. Mixed loadings.  Normally, it will be necessary to consider a mixture of loadings at 

their respective repetitions use levels. There is a strong tendency to rate pavement: 

bearing strength  in terms of some selected loading for the allowable repetitions use 

level, and to rate each loading applied to a pavement in terms of its equivalent number 

of this basic loading.  To do this, a relation is first established between 

loading and repetitions to produce failure.  Such relations are variously established 

using combinations of theory or design methods and experience behaviour patterns or 

laboratory fatigue curves for the principal structural element of the pavement. 

Obviously, not all relations are the same,* but the repetitions parameter is not subtly 

effective.  It needs only to be established in general magnitude and not in specific 

value. Thus fairly large variations can exist in the loading-repetitions relation 

without serious differences in evaluation resulting. 

 
----------------- 

*See Chapter 4, Figure 4-29 (French practice) and 4.4.12.1 (United States practice).  
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3.4.3. Using the curve for loading versus repetitions to failure, the failure 

repetitions for each loading can be determined and compared to that for the basic 

selected loading.  From these comparisons, the equivalent number of the basic selected 

loading for single applications of any loading are determined, i.e., factors greater than 

1 for larger loadings and less than 1 for smaller loadings.  An explanatory example of 

this process follows: 

 

a) Relate loading to failure repetitions, as illustrated in Figure 3-1; 
 

 
Figure 3-1 

 

 

b) For selected loads L, read repetitions r from curve 

 

  L1 ï r1 

  

L2 ï r2 

 

L3 ï r3 

 

L4 ï r4 

 

c) choose L3 as the basic load; and 

d) compute equivalent repetitions factor f for each load 

 

Load   Equivalent Repetitions Factor 

 

 

L1  f1=   (a value less than 1)    

 

  

L2   f2  =   (a value less than 1) 

 

 

L3  f3 =  =1  

 

L4  f4 =   (a value greater than 1) 

r3 
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r 
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r2 
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By use of these factors, the accumulated effect of any combination of loads experienced or 

contemplated can be compared to the bearing strength evaluation in terms of a selected loading at 

its evaluated allowable repetitions use level. 

3.5. Techniques for ñusing aircraftò evaluation 

 

3.5.1. While technical evaluation should be accomplished wherever possible, it is 

recognized that financial and circumstantial constraints will occasionally prevent 

it. Since it is most important to have completely reported bearing strength 

information and since the using aircraft evaluation is reasonably direct and readily 

comprehensible it is being presented first. 

 

3.5.2. Heaviest using aircraft.  A pavement satisfactorily sustaining its using traffic can 

be considered capable of supporting the heaviest aircraft regularly using it, and 

any other aircraft which has no greater pavement strength requirements.  Thus to 

begin an evaluation based on using aircraft, the types and masses of aircraft and 

number of times each operates in a given period must be examined.  Emphasis 

here should be on the heaviest aircraft regularly using the pavement.  Support of a 

particularly heavy load, but only, does not necessarily establish a capability to 

support equivalent loads on a regular repetitive basis (see 3.4). 

 

3.5.3. Pavement condition and behaviour.  There must next be a careful examination of 

what effect the traffic of using aircraft is having on the pavement.  The condition 

of the pavement in relation to any cracking, distortion or wear, and the experience 

with needed maintenance are of first importance.  Age must be considered since 

overload effects on a new pavement may not yet be evident while some 

accumulated indications of distress may normally be evident in a very old 

pavement. In general, however, a pavement in good condition can be considered 

to be satisfactorily carrying the using traffic, while indications of advancing 

distress show the pavement is being overloaded.  The Condition examination 

should take note of relative pavement behavior in areas of intense versus low 

usage such as in and out of wheel paths or most and least used taxiways, zones 

subject to maximum braking, e.g., taxiway turn-off, etc.  Note should also be 

taken of behaviour of any known or observable weak or critical areas such as low 

points of pavement grade, old stream crossings, pipe crossings where initial 

compaction was poor, structurally weak sections, etc.  These will help to predict 

the rate of deterioration under extant traffic and thereby indicate the degree of 

overloading or of under loading. The condition examinations should also focus on 

any damage resulting from tire pressures of using aircraft and the need for tire 

pressure limitations. 

 

3.5.4. Reference aircraft.  Study of the types and masses of aircraft will indicate those 

which must be of concern in establishing a reference aircraft and the condition  

survey  findings will indicate whether the load of the reference aircraft should  be 

less than that being applied or might be somewhat greater.  Since load distribution 

to the subgrade depends somewhat on pavement type and subgrade strength, the 
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particular reference aircraft and its mass cannot be selected until those elements of 

the ACN-PCN method which are reported in addition to the PCN have been 

established (see 3. 3.2 and 3. 3. 3) 

 

3.5.5. Determination of the pavement type, subgrade strength and tire pressure 

categories.  The pavement type must be established as rigid or flexible.  If the 

pavement includes a Portland cement concrete  slab as the primary structural 

element it should be classified as rigid even though it may have a bituminous 

overlay resurfacing (see 3.3.2).  If the pavement includes no such load-

distributing slab it should be classified as flexible. 

 

3.5.6. The subgrade category must be determined as high, medium, low, or ultra low 

strength. If CBR or plate bearing test data are available for the subgrade these can 

be used directly to select the subgrade category. Such data, however, must 

represent in situ subgrade conditions. Similar data from any surrounding 

structures on the same type of soil and in similar topography can also be used. 

Soil strength data in almost any other form can be used to project an equivalent 

CBR or modules of subgrade reaction k for use in selecting the subgrade category. 

Information on subgrade soil strength may be obtainable form local road or 

highways agencies or local agricultural agencies. A direct, though somewhat 

crude or appropriate, determination of subgrade strength can be made from 

classification* of the subgrade material and reference to any of many published 

correlations such as that shown in Figure 3-2. (Also see 3.3.3 and 3.2.2.) 

 

--------------- 

*ASTM D2487, D3282, and D2488. 
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Figure 3-2 Interrelationships of soil classification, California Bearing Ratio and K values 
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3.5.7. The tire pressure category must be determined as high, medium, low or very low.  

Portland cement concrete surfacing and good to excellent quality bituminous surfacing 

can sustain the tire pressures commonly encountered and should be classified as high 

pressure category with no limit on pressure. Bituminous surfacing of inferior quality 

and aggregate or earth surfacings will require the limitation of lower categories (see 

3.3.4).  The applicable pressure category should normally be selected based on 

experience with using aircraft. The highest tire pressure being applied, other than 

rarely, by using aircraft, without producing observable distress should be the basis for 

determining the tire pressure category. 

 

3.5.8. The most significant element of the using aircraft evaluation is determination of the 

critical aircraft and the equivalent pavement classification number (PCN) for reporting 

purposes.  Having determined the pavement type and the subgrade category the next 

step would be the determination of the ACNs of aircraft using the pavement.  For this 

purpose, the aircraft classification table presented in Appendix 5 or the relevant 

aircraft characteristics document published by the manufacturer should be used.  

Comparison of aircraft regularly using the pavements ï at their operating masses - 

with the above-mentioned table or the relevant aircraft characteristics documents will 

permit determination of the most critical aircraft using the pavement.  If the using 

aircraft are sat satisfactorily being sustained by the pavement and there are no known 

factors which indicate that substantially heavier aircraft could be supported, the ACN 

of the most critical aircraft should be reported as the PCN of the pavement.  Thus any 

aircraft having an ACN no higher than this PCN can use the pavement facility at a use 

rate (as repetitions per month) no greater than that of presently supported aircraft 

without shortening the  use- life of the pavement, 

 

3.5.9. In arriving at the critical aircraft only aircraft using the pavement on continuing basis 

without unacceptable pavement distress should be considered.  The occasional use of 

the pavement by a more demanding aircraft is not sufficient to ensure it continued 

support even if no pavement distress is apparent. 

 

3.5.10. As indicated, a PCN directly selected based on the evaluated critical aircraft loading 

contemplates an aircraft use intensity in the future similar to that at the time of  

evaluation,   if a substantial increase in use (wheel load repetitions) is expected, the 

PCN should be adjusted downward to accommodate the increase. A basis for the 

adjustment, which relates load magnitude to load repetitions, is presented in 3.4. 

 

 

3.5.11. Pavements for light aircraft. In evaluating pavements meant for light aircraft - 5700 kg 

mass and less - it is unnecessary to consider the geometry of the undercarriage of 

aircraft or how the aircraft load is distributed among the wheels. Thus subgrade class 

and pavement type need not be reported, and only the maximum allowable aircraft 

mass and maximum allowable tire pressure need be determined and reported. For 

these the foregoing guidance on techniques for "using aircraft" evaluation should be 

followed. 
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3.5.12. Because the 5700 kg limit for light aircraft represents pavement loads only two-thirds 

or less of common highway leads, the assessment of traffic using pavements should 

extend to consideration of heavy ground vehicles such as fuel trucks, fire trucks , snow 

ploughs, service vehicles and the like.  These must also be controlled in relation to 

load limited pavements. 

 

3.6 Techniques and equipment for ñtechnicalò evaluation 

 

3.6.1. Technical evaluation is the process of defining or quantifying the bearing capacity of a 

pavement through measurement and study of the characteristics of the pavement and its 

behaviour under load. This can be done either by an inversion of the design process, using 

design parameters and methods, but reversing the process to determine allowable load from 

existing pavement characteristics, or by a direct determination of response of the pavement 

to load by one of several means. 

 

3.6.2. Pavement behaviour concepts for design and evaluation. Concepts of behaviour developed 

into analytical means by which pavements can be designed to accommodate specific site 

and aircraft traffic conditions are commonly referred to as design methods. There are a 

variety of concepts and many specific design methods.  For example, several design and 

evaluation methods are explained in some detail in Chapter 4 of this Manual. 

 

 

3.6.2.1. The early methods.  The early methods for design and evaluation of flexible pavements 

were experience based and theory extended.  They made use of index type tests to assess 

the strength of the subgrade and commonly to also assess the strength or contributing 

strength of base and sub-base layers. These were tests such as the CBR, plate bearing, and 

many others, especially in highway design.  These early methods, extensively developed, 

are still the methods in primary use for aerodrome pavement design.  The CBR method 

adopted for ACN determinations as mentioned in Chapter 1 and Appendix 2 of this 

Manual is an excellent example, and the French and Canadian methods described in 

Chapter 4 are further examples of CBR and plate loading methods, respectively. 

 

 

3.6.2.2. Early methods for design and evaluation of rigid pavements virtually all made use of the  

Westergaard model (elastic plate on a Winkler foundation) but included various 

extensions to treat fatigue, ratio of design stress to ultimate stress, strengthening effects of 

subbase (or base) layers, etc. Westergaard developed methods for two cases:  loading at 

the centre of a pavement slab (width unlimited) and loading at the edge of a slab 

(otherwise unlimited). While most rigid pavement methods use the centre slab load 

condition, some use the edge condition.  These consider load transfer to the adjacent slab 

but means of treating the transfer vary.  Plate bearing tests aroused to characterize 

subgrade (or subgrade and sub-base) support which is an essential element of these 

design methods.  Here again the early methods, further developed, remain the primary 

basis for aerodrome pavement design.  The method adopted for ACN determination (see 

Chapter 1 and Appendix 2) is an excellent example of these methods, and several other 



Guidance Document for Airport Pavement  
 

38 

 

examples are presented in Chapter 4. 

 

3.6.2.3. The newer - more fundamental - methods.  Continuing efforts to base pavement design on 

more fundamental principles has led to the development of methods using the stress-strain 

response of materials and rational theoretical models.  The advances in computer 

technology have made these previously intractable methods practical and led to computer 

oriented developments not otherwise possible. 
 

  

3.6.2.4. The most popular theoretical model for the newer design methods is the elastic layered 

system.  Layers are of finite thickness and infinite extent laterally except that the lowest 

layer (subgrade) is also of infinite extent downward.  Response of each layer is 

characterized by its modulus of elasticity and Poisson's ratio. Values for these parameters 

are variously determined by laboratory tests of several types, by field tests of several types 

with correlations or calculated derivations, or merely by estimating values where 

magnitudes are not critical. These methods permit the stresses, strains, and deflexions from 

imposed loads to be computed. Multiple loads can be treated by superimposition of single 

loads.  Commonly, the magnitude of strain at critical points (top of subgrade beneath load, 

bottom of surface layer, etc) is correlated with intended pavement performance for use in 

design or evaluation. While these methods have been applied mostly to flexible pavements 

there have also been applications to design of rigid pavements. 

 

 

3.6.2.5. While the elastic layered models are currently popular it is recognized that the stress-strain 

response of pavement materials is non-linear.  The layering permits variation of elastic 

modulus magnitude from layer to layer, but not laterally within each layer.  There are 

developments which establish a stress dependence of the modulus of elasticity and use this 

dependence in finite element models of the pavement, through iterative computational 

means, to establish the effective modulus - element by element in the grid - and thereby 

produce a more satisfactory model.  Here also strains calculated for critical locations and 

compared with correlations to expected behaviour.  Finite element models are also being 

used to better model specific geometric aspects of rigid pavements but these remain largely 

research applications. 

 

 

3.6.2.6. Direct load response methods. Theories applied earlier to pavement behaviour indicated 

proportionality between load and deflexion, thus implying that deflexion should be an 

indicator of capacity of a pavement to support load. This also implied that pavement 

deflexion determined for a particular applied load could be adjusted proportionately to 

predict the deflexion which would result from other loads. These were a basis for pavement 

evaluation.  Field verification both from experience and research soon showed strong trends 

relating pavement behaviour to load magnitude and deflexion and led to the establishment of 

limiting deflexions for evaluation.  There have since been  many controlled tests and much 

carefully analyzed field experience which confirm a strong relation between pavement 

deflexion and the expected load repetitions (to failure) life of the pavement subject to the 

load which caused that deflexion. However, this relation, though strong, is not well 
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represented by a single line or curve.  It is a somewhat broad band within which many 

secondary factors appear to be impacting. 

 

 

3.6.2.7. This established strong relation has been and is being used as the basis for pavement 

evaluation, but predominantly - until recently - applications have been to flexible pavements. 

Methods based on plate tests have been most common and the standard 762 mm diameter 

plate preferred.  The LCN method and long used Canadian method are examples (see 

Chapter 4). Deflexions under actual wheel loads (or between the duals of two and four wheel 

gear) are the basis of some expedient methods which closely parallel the plate methods.  The 

Benkleman Beam methods, as well as other highway methods, are applicable to evaluation 

of light aircraft pavements (see the Canadian practice in Chapter 4). 

 

 

3.6.2.8. There are a number of reasons why dynamic pavement loading equipment became popular.  

Static plate loads of wheel load magnitude are neither transportable nor easily repositioned.  

Dynamic loading applies a pulse load much more like the pulse induced by a passing wheel. 

Repeated dynamic loading better represents the repeated loading of wheel traffic. But most 

important was the development of sensors which could merely be positioned on the 

pavement or load plate and would measure deflexion (vertical displacement).  As a result, a 

variety of dynamic load equipment has been developed. Initially there were devices for 

highway applications and later heavier devices for aerodrome pavements. These range from 

light devices including loads of less than1000 kg to the heavy device described later in this 

chapter in connection with the United States FAA non-destructive evaluation methods (see 

3.6.5).  All of these earlier devices involved reciprocating masses capable of producing 

peak-to-peak pulse loads of up to nearly twice the static load. The pulse loads are 

essentially sinusoidal and steady state. Some devices can vary frequency and Load (but 

not static load except for surcharging). Some later dynamic devices - apparently quickly 

being popular involve a falling mass.  These can apply loads in excess of twice the static 

mass and can vary force magnitude by controlling the height of fall. Pluses induced are 

repetitive but not steady, and the frequency is that which is normal for the device and 

pavement combination. The dynamic devices are applied in much the same manner as 

the static methods discussed in 3.6.2.7. Some can also be used to generate data on the 

stress-strain response of the pavement materials, as will be discussed later. 

 

 

3.6.2.9. Essential inputs to pavement design methods.    The parameters which define behavior 

of elements (layers) of a particular pavement within the model upon which its design is 

based vary from the CBR and other index type tests of the earlier flexible pavement 

methods and plate load tests of Westergaard rigid pavement and some flexible 

pavement method to the stress-strain, modulus values employed in the newer more 

fundamental methods. 

 

3.6.2.10. CBR tests for determining the strengths of subgrades and of other unbound pavement 

layers for use in design or evaluation should be as described in the particular method 

employed (French. United States/ FAA, other), but generally will be as covered ASTM 
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D1883, ñBearing Ratio of Laboratory Compacted Soil for Laboratory Test 

Determinationsò.  Commonly, field in-place CBR tests are preferable laboratory tests 

whenever possible, and such tests should be conducted in accordance with the 

following guidance (from United States Military Standard 621A). 

 

 

3.6.2.11. Field in-place CBR tests 

   

a) These tests are used for design under any one of the following conditions: 

 

(1) when the in-place density and water content are such that the degree of 

saturation (percentage of voids filled with water) is 80 per cent or greater; 

 

(2) when the material is coarse-grained and cohesion less so that it is not 

affected by changes in water content; or 

 

(3) When construction was completed several years before. In the last-named 

case, the water content does not actually become constant but appears to 

fluctuate within rather narrow ranges, and the field in-place test is 

considered a satisfactory indicator of the load-carrying capacity. The time 

required for the water content to become stabilized cannot be stated 

definitely, but the minimum time is approximately three years. 

 

b) Penetration. Level the surface to be tested, and remove all loose material. Then 

follow the procedure described in ASTM D-1883. 

 

c) Number of tests.  Three in-place CBR tests should be performed at each 

elevation tested in the base course and at the surface of the subgrade. 

However, if the results of the three tests in any group do not show reasonable 

agreement, additional tests should be made at the same location. A reasonable 

agreement between three tests where the CBR is less than 10 permits a 

tolerance of 3; where the CBR is from 10 to 30, a tolerance of 5; and where 

the CBR is from 30 to 60, a tolerance of 10. For CBRs example, actual test 

results of 6, 8 and 9 are reasonable and can be averaged as 8; results of 23, 18, 

and 20 are reasonable and can be averaged as 20. If the first three same 

location, and the numerical average of the six tests is used as the CBR at that 

location. 

 

d) Moisture content and density.  After completion of the CBR test, a sample shall 

be obtained at the point of penetration for moisture-content determination, and 

10 to 15 cm away from the point of penetration for density determination. 

 

 

 

3.6.2.12. Plate load tests for determination of the modulus of subgrade reaction (k) for 

Westergaard analysis in evaluation or design should be made in accordance with 
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procedures of the method employed, or can be as presented in ASTM D1196, ñNon-

Repetitive Static Plate Load Tests of Soils and Flexible Pavement Components, for use 

in Evaluation and Design of Airport and Highway Pavementsò or in ASTM D1196, 

ñRepetitive Static Plate Load Tests of Soils and Flexible Components, for Use in 

Evaluation and Design of Airport and Highway Pavementsò.  The procedures also 

relate to flexible pavement design, as indicated by ASTM standards titles. The 

Canadian practice, as described in Chapter 4, makes use of the ASTM method. The 

Canadian practice also covers use of other static or dynamic tests with non-standard 

plate sizes for either determination of subgrade coefficient values or for direct use in 

pavement evaluations. 

 

 

3.6.2.13. Conventional methods and values pertaining to determination of modulus of elasticity, 

E, and Poissonôs ratio, µ, are used in depicting structural behavior of the concrete layer 

in Westergaard analyses of rigid pavement. Commonly, µ is taken to be 0.15. The 

modulus, E, should be determined by test of the concrete and will normally be in the 

range of 25000 to 30000 MPa. 

 

 

3.6.2.14. Modulus of elasticity and Poissonôs ratio values are needed for each layer of an elastic 
layered system, and these can be determined in a variety of ways. Poissonôs ratio is not 

a sensitive parameter and is commonly taken to be 0.3 to 0.33 for aggregate materials 

and 0.4 to 0.5 for fine grained or plastic materials. Since mean of determining modulus 

of elasticity vary and since the stress-strain response of soil and aggregate materials is 

non-linear ( not proportional) the values found for a particular material, by the various 

means, are not the same singular quantity which ideal theoretical considerations would 

lead one to expect. Following are some of the ways in which modulus of elasticity 

values can be determined for use in theoretical models (such as elastic layered) of 

pavement behavior. 

 

a) Modulus of elasticity values for subgrade materials particularly, but for other 

pavement layers as well ï excepting bituminous or cemented materials ï can be 

determined from correlations with index type strength tests. Most common has 

been correlation with CBR where: 

E = 10 CBR MPa 

 

b) Stress-strain response (modulus) can be determined by direct test of prepared 

or field sampled specimens, but these are nearly always unsatisfactory. 

Response is too greatly affected by either preparation or sampling disturbance 

to be representative. 

 

c) It has been found that prepared specimens, and in some case specimens from field 

samples, can be subjected to repeated loading to provide  - after several to many 

load cycles - a reasonably representative modulus or stress-strain response curve. 

Modulus of elasticity so determined is referred to as resilient modulus and is 

currently strongly favoured - in some form - for layered elastic analyses.  Tests 
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can be conducted as triaxial tests, indirect tensile tests, even unconfined 

compression test, and there may be others.   Loadings can be regular wave forms 

(sinusoidal, etc) but are commonly of a selected load pulse shape with delays 

between pulses to better represent passing wheels.  Resilient modulus can be 

determined for bituminous materials by some of these tests and other similar tests, 

but temperature is most significant both for testing and application of the modulus 

for bituminous layers. Moduli for the various pavement layers are taken from 

these type tests and used directly in layered system analyses, but there are 

frequently problems or questions of validity. 

 

d) When dynamic plate load testing is carried out on existing pavements it is possible 

to instrument to measure the velocity of propagation of stress waves within the 

pavements. Means have been developed for deducing the modulus of elasticity of 

each layer - generally excepting the top layer or layers - of the pavement from 

these velocity measurements. While moduli so determined are sometimes used 

directly in layered analyses the determinations are for such small strains that 

values represent tangent moduli for curved stress-strain relations while the moduli 

for higher (working strain) stress levels should be lower. Determinations by this 

means adjusted by judgement or some established analytical means are used. 

 

e) The subgrade modulus is the most significant parameter and some analyses use 

one of the above methods to determine a modulus for the subgrade and choose the 

moduli of other layers either directly on a judgement basis or by some simple 

numerical process (such as twice the underlying layer modulus or one-half the 

overlying layer modulus) since precise values are not critical. 

 

f) By using selected or simplistically derived moduli for all layers except the 

subgrade, it is possible to compute a value for subgrade modulus using elastic 

layered analysis and plate or wheel load deflexions. This is done for some 

analyses. 

 

g) There is rear interest currently in using elastic layered theory and using field 

determined deflexions from dynamic load pavement tests for points beneath the 

centre of load and at several offset positions from the load centre.  By iterative 

computer means the moduli of the subgrade and several overlying layers can be 

computed. Such computed moduli are then used in the layered model to compute 

strains at critical locations as predicators of pavement performance. 

 

3.6.2.15. Finite element methods permit formulation of pavement models which not only can 

provide for layering but can treat non-linear (curved) stress-strain response found for 

most pavement materials.  Here again there is a requirement for Poisson's ratios and 

moduli of elasticity but these must now be determined for each pavement layer as a 

function of the load or stress condition existing at any point in the model (on any finite 

element).  Moduli relations are established from laboratory tests and most commonly 

by repeated triaxial load tests. Generally, these are of the following form but there are 

variants. 



Guidance Document for Airport Pavement  
 

43 

 

 

a) For granular materials: 

 

   Mr= E =k1ɗ
k
2  

  or 

   Mr  =  E  =  k3 ů3
k
4 

 

  

b) For fine-grained soils: 

 

Mr  =  E  =  k5 ůd
k
6    

  Where: 

    Mr- resilient modulus 

     

E        - modulus of elasticity 

 

ɗ   - bulk stress = ů1 + ů2 +  ů3 or ůx  + ůy  + ůz  

(sum of 3 mutually perpendicular normal stresses at 

a point) 

 

ů1 , ů2 ,  ů3   - principal stresses 

ů3       - confining stress on the triaxial specimen 

ůd      -  deviator stress =  ů1 ,- ů3  

                             k1,k2,  k3,  k4,  k5,  k6  - constants found by test 

 

 

 

3.6.3. Evaluation by inversion of design.  To design a pavement one must select a design 

method.  Then determine the thicknesses and acceptable characteristics of materials for 

each layer and the wearing surface taking into account the subgrade upon which the 

pavement will rest and the magnitude and intensity of traffic loading which must be 

supported.  For evaluation, the process must be inverted since the pavement is already in 

existence.  Character of the subgrade and thickness and character of each structural layer 

including the surfacing must be established, from which the maximum allowable 

magnitude and frequency of allowable aircraft loading can be determined by using a 

chosen design method in reverse. It is not necessary that the design method selected for 

evaluation be the method by which the pavement was designed, but the essential 

parameters, which characterize behaviour of the various materials (layers) must be those 

which the chosen design method employed. 

 

 

3.6.3.1. The method and elements of deal.   The design method to be inverted for evaluation must 

first be chosen. Next the elements of design inherent in the existing pavement must be 

evaluated in accordance with the selected design method. 

 

a) Thickness of each layer must be determined.  This may be possible from 
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construction records or may require the drilling of core holes or opening of test 

pits to permit measuring thickness. 

b) Subgrade strength and character must be determined.  Here also construction 

records may supply the needed information either directly or by a translation of the 

information to the form needed for the selected design method.  Otherwise it will 

be necessary to obtain the needed information from field studies.  Reference to 

3.6.2.9 to 3.6.2.1 will show the wide variety of ways in which subgrade behaviour 

is treated in the various design methods.  Test pits may be necessary to permit 

penetration or plate testing or sampling of subgrade material for laboratory testing.  

Sampling or penetration testing in core holes may be possible.  Dynamic or static 

surface load deflexion or wave propagation testing may be required.  Specific 

guidance must be gained from details of the design method chosen for use in 

evaluation. 

c) The strength and character of layers between the subgrade and surface must also be 

determined.  Problems are much the same as for the subgrade (see b above) and 

guidance must come from the chosen design method. 

d) Most procedures for the design of rigid pavements require a modulus of elasticity 

and limiting flexural stress for the concrete.  If these are not available from 

construction records they should be determined by test on specimens extracted 

from the pavement (see DSTM C 469 - modulus of elasticity and ASTM C683 - 

flexural strength).  For reinforced or pre-stressed concrete layers dependence must 

he placed on details of the individual selected design method. 

e) Bituminous surfacing (or overlay) layers must be characterized to suit the selected 

design method and to permit determination of any tire pressure limitation which 

might apply.  Construction records may provide the needed information otherwise 

testing will be required. Pavement temperature data may be required to help assess 

the stress-strain response or tire pressure effects on the bituminous layer. 

f) Any special consideration of frost effects by the selected design method or for the 

climate of the area need to be treated and the impact upon the evaluation 

determined. 

g) The cumulative load repetitions to which the pavement is subject is an important 

element of design and both past traffic sustained and future traffic expected may be 

factors in evaluation. See 3.4 in relation to assessing traffic.  For some design 

methods it is sufficient to consider that the traffic being sustained adequately 

represents future traffic and the limiting load established by evaluation is for this 

intensity of traffic.  This assumption is inherent in the translations between 

aircraft mass and ACN (or the reverse) of the ACN-PCN method.  Many 

methods, however, require a load or stress repetitions magnitude as a basis for 

selection of a limiting deflexion or strain which is needed for load limit 

evaluation. 

 

From the chosen design method and established quantities for the design elements, limiting 

load or mass can be established for any aircraft expected to use the pavement. 

 

3.6.4. Direct or non-destructive evaluation.  Direct evaluation involves loading a pavement, 

measuring its response, (usually in terms of deflexion under the load and sometimes also at 
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points offset from the load to show deflexion basin shape), and inferring expected load 

support capacity from the measurements. Concepts were discussed in 3.6.2.6, 3.6.2.7, and 

3.6.2.8. 

 

3.6.4.1. Static methods.  Static methods involve positioning plates or wheels, applying load, and 

measuring deflexions. Plate loads require a reaction against which to work in applying load 

while wheels can be rolled into position and then away.  The original LCN for flexible 

pavements, developed by the United Kingdom but used by many, is an excellent example of 

the direct static methods. The Canadian method for flexible or rigid pavements uses plate 

load and deflexion but less directly (see Chapter 4). These direct methods depend on a 

correlation between pavement performance and deflexion resulting from loading of the type 

indicated in Figure 3-3.  A warning comment may be needed here, since such correlations 

can be misinterpreted. They do not indicate the deflexion which will be measured under the 

load after it has been applied for some number of repetitions as might be interpreted.  

Deflexions of a pavement are essentially the same when measured early or late (following 

initial adjustment and before terminal deterioration) in its life. These correlations indicate the 

number of repetitions that can be applied to the pavement by the load which caused the 

deflection before failure of the pavement.  Correlations are established by measuring the 

deflexions of satisfactory pavements and establishing their traffic history. The expeditious 

deflexion methods for evaluation described below are a good example of static methods. 

 

3.6.4.2. Expeditious deflexion methods.  Studies and observations by many researchers have shown 

a strong general correlation between the deflexion of a pavement under a wheel load and 

the number of traffic applications (repetitions) of that wheel load which will result in severe 

deterioration (failure) of the pavement (see Figure 3-3).    These provide the basis for a 

simple expeditious means of evaluating pavement strength.  References to several of these 

curves are listed below: 

 

Transport and Road Research Laboratory Report LR 375 (British); 

 

California Highway Research Report 633128; 

 

Paper presented by Gschwendt and Poliacek at the Third International Conference on 

Structural Design of Asphalt Pavements; and 

 

Paper presented by Joshep and Hali also at the Third International Conference on 

Structural Design of Asphalt Pavements. 
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Figure 3- 3 

 

 

3.6.4.3. While the pattern of these relations is quite strong, the scatter of specific points is 

considerable.   Thus either the conservatisms of a limiting curve or the low confidence 

engendered by the broad scatter of points or some combination must be accepted in using 

these relations for expeditious pavement evaluations. They do provide a simple relatively 

inexpensive means of evaluation. The procedure for such evaluation is as follows: 

 

 

a) Measure deflexion under a substantial wheel load in a selected critical 

pavement location.  Single or multiple wheel configurations can be used. 

 

1)  position aircraft wheel in critical area; 

 

2)  mark points along pavement for measurement as indicated in Figure 3-4 a); 

 

3)  using "line of sight" method, take rod readings at each point; 

 

4)  move aircraft away and repeat rod readings; 

 

5)  Plot difference in rod readings as deflexions. See Figure 3-4 b);and 

 

6)  Connect points to gain an estimate of maximum deflexion beneath tire. 

 

b) Plot load versus maximum deflexion as illustrated in Figure 3-4 c). 

 

c) Combine the deflexion versus failure repetitions curve with the above curve to 

provide an evaluation of pavement bearing strength for the gear used to 

determine deflexion. 

 

1) determine the repetitions of load (or equivalent repetitions as explained in 

3.4) which it is intended must use the pavement before failure; 

 

2)  from a correlation of the type shown in Figure 3-3 determine the 

deflexion for the repetitions to failure; and 
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3)  From the established relation of load to deflexion of the type shown in 

Figure 3-4 determine the pavement bearing strength in terms of the 

magnitude of load allowable on the wheel used for the deflexion 

measurements. 

 

d) Use the procedure described in Chapter 1 to find how the evaluated pavement 

bearing strength relates to the PCN. Aircraft with ACN no greater than this 

PCN can use the pavement without overloading it. See Appendix 5 for ACN 

versus mass information. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-4 

 

3.6.4.4. A similar procedure can be followed using a jack and loading plate working beneath a 

jacking point of an aircraft wing or some equally suitable reaction load. The complete 

pattern of load versus deflexion can be determined and dial gauges mounted on a long 

reference beam call be used instead of optical survey methods. With provision of a 

suitable access aperture the deflexion directly beneath the centre of the load can be 

measured. Results can be treated on the save lines as those for a single wheel load. 

 

3.6.4.5. Methods used for highway load deflexion measurements, such as the Benkleman Beam 

methods, can be used to develop deflexion versus load patterns.  Results are treated as 

indicated in Figure 3-4 to extrapolate loads to those of aircraft single-wheel loads, 

which with a relation as in Figure 3-3, permits evaluation of pavement  bearing strength 

for single-wheel loads.  From this the limiting aircraft mass on pavements for light 

aircraft can be determined directly and reported in accordance with Chapter 1, 1.2.  If  

unusually large loading plate or tire pressures are involved it may be necessary to adjust 
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between the single load characteristics used in the determination of the type indicated in 

Figure 3-4 (3.6.4.3a)  and the reported limiting aircraft mass allowable or critical 

vehicle loads being compared to the limiting mass. Such adjustments can follow the 

procedures in Appendix 2 or a selected pavement design method.   Limits on pavements 

for heavier aircraft can be determined as indicated in 3.6.4.3d).  It should be noted that 

recent findings indicate extrapolation of load deflexion relations (as in Figure 3-4 c))from 

small load data taken on high strength pavements do not give good results,  Unfortunately, 

the limits of extrapolation for good result  are not established. 

 

3.6.4.6. Dynamic methods. These methods involve a dynamic loading device which is mounted for 

travel on a vehicle or trailer and which is lowered, in position, onto the pavement. Devices 

make use of counter rotating masses, hydraulically actuated reciprocating masses, or 

falling weights (masses) to apply a series of pulses either in steady state by the 

reciprocating or rotating masses or attenuating by the falling mass.   Most apply the load 

through a loading plate but some smaller devices use rigid wheels or pads.  All methods 

make use of inertial instruments (sensors) which when placed on the pavement surface or 

on the loading plate can measure vertical displacement (deflexion).The dynamic loading is 

determined, usually by a load cell through which the load is passed on to the load plate.  

Comparison of the load applied and displacements measured provide load-deflexion 

relations for the pavement tested.  Displacements are always measured directly under the 

load but are also measured at several additional points at specific distances from the centre 

of the load.   Thus load-deflexion relations are determined not only for the load axis (point 

of maximum deflexion ) but also at offset points which indicate the curvature or shape 

(slope) of the deflexion basin.  The devices vary in size from some highly developed, 

highway oriented, units which apply loadings of less than 1000 kg to the large unit 

described in the United States FAA non-destructive test method presented in 3.6.5.  Some 

of the counter-rotating and reciprocating mass systems can vary the frequency of dynamic 

loading and some of these and the falling weight units can vary the applied load. 

 

 

3.6.4.7. It is possible to measure the time for stress waves induced by the dynamic loading to travel 

from one sensor to the next, and to compute the velocity from this time and distance 

between sensors.  Some dynamic methods make use of these velocity measurements to 

evaluate the strength or stress-strain response of the subgrade and overlying pavement 

layers for use in various design methods.  Shear wave velocity, v, is related to Modulus of 

Elasticity, E, by the relation: 

 

v =   (See Barkanôs ñDynamics of Bases and Foundationsò) 

 

 

Where Poisson's Ratio, , can satisfactorily be estimated (see 3.6.2.13 and 3 6.2.14),and 

density, , of the subgrade or pavement layer (sub-base-base) can be determined by 

measurement or satisfactorily estimated. Modulus values thus determined are used, either 

directly or with modification, in theoretical design models, or they are used with 
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correlations to project subgrade and other layer strengths in terms of CBR, subgrade 

coefficient k, and similar strength index quantities.  Sensors used in the velocity 

measurements may need to be located at greater distances from the load than when used 

to determine deflection basin shape.  Also, the dynamic device must be capable of 

frequency variation since the various pavement layers respond at preferred frequencies 

and these must be found and dynamic load energy induced at the preferred frequency for 

determination of each layer's velocity of wave energy propagation. 

 

3.6.4.8. Application of dynamic methods measurements.  The central and offset positions 

deflexions and stress-wave velocities variously determined by the variety of dynamic 

equipment and methods in use are being applied for pavement evaluation in a number 

of ways. 

 

a)  Direct correlations are made between the load-deflexion in response of 

pavement to dynamic loading and pavement behaviour.  The correlations are 

developed from dynamic load testing of pavements for which behaviour can 

be established. The United States FAA nondestructive evaluation 

methodology presented in 3.6. is an excellent example. 

 

b) Measurements from dynamic methods, either   directly or with extrapolation, 

can provide plate load information.  This can serve as input - with suitable 

plate size or other conversions - to methods such as the LCN or Canadian 

procedures.  Used directly on subgrades or on other layers with established 

correlations subgrade coefficients can be determined for Westergaard analyses.                           

 

c) Shape of the deflection basin established from sensors placed at offsets from 

the load axis are used in some methods - especially for highways - to reflect 

overall stiffness, and thereby load distributing character, of the pavement 

structure.  But direct use in establishing evaluation of load capacity has not 

found success, 

 

d) Measured deflection under dynamic load is used to establish the effective 

modulus of elasticity of the subgrade in theoretical pavement models.  The 

elastic constants (modulus and Poisson's ratio) for other layers are established 

by assumption or test and the subgrade modulus calculated using the load, the 

deflection measured, and the pavement model, commonly the elastic layered 

theory. 

 

e) More recent developments involve the use of the elastic layered computer 

programmes. With an appropriate load applied, deflections are measured in the 

centre and at several offset locations. Then iterative computation means are 

used to establish elastic moduli for all layers of the pavement modeled. 

 

f) Theoretical models with elastic constants  as in d) and e) above  are used to 

calculate strain in flexure of the top layer beneath the load or vertical strain at the 

top of subgrade beneath the load; which locations are considered critical for 
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flexible pavements.  Stress or strain in flexure of a rigid pavement slab can be 

similarly calculated.    These are compared to values of strain (or stress) from 

established correlations with pavement performance.  The literature provides 

many examples of these correlations. 

 

1. 1977 International Air Transportation Conference, ASCE Proceedings - paper 

by Monismith. 

 

2. The Design and Performance of Road Pavements by D. Croney -Transport 

and Road Research Laboratory, United Kingdom ï Chapters 13 and 15 

 

3. Fatigue of Compacted Bituminous Aggregate Mixtures, ASTM - STP508. 

 

4.  Symposium on Nondestructive Test and Evaluation of Airport Pavementï

Nov 1975,    Vicksburg, Miss., published May 1976 by U.S. Army Engineer 

- WES paper by Nielsen and Baird. 

 

5. Other examples should be easily found in the pavement literatures. 

 

g) Stress-wave velocity measurements are used to establish pavement layer 

characteristics without sampling. Moduli of elasticity of pavement layers are 

derived from these measurements and used directly in theoretical models or 

adjusted to better represent moduli at larger strains and used in the models. 

CBR values are derived from correlations between CBR and derived elastic 

moduli, commonly form E = 10 CBR in MPa. Modulus of subgrade reaction, 

k, and other such strength values could be similar derived. 

 

3.6.4.9. Pavement strength reporting.  For reporting information on pavement bearing strength the 

four elements specified in CAR-14, Part I and the PCN must be established. 

  

a) Pavement type.  The pavement will be considered rigid (code-R) if its primary 

load distribution capability is provided by a plain, reinforced, or pre-stressed 

Portland cement concrete (PCC) layer, and this layer is not so shattered that it can 

no longer perform as a load distributing slab. A pavement which makes primary 

use of a thick and strongly stabilized layer and which, as a result, is substantially 

thinner than an equivalent flexible pavement using no stabilized layer (such as the 

LCF structures at Newark) might also be considered rigid. All other pavements 

should be reported as flexible (code -F). This includes aggregate or earth-surfaced 

strips and expedient surfacing of military landing mat. 

 

b) Subgrade strength.   The subgrade strength category must be evaluated as high 

strength (A), medium strength (B), low strength (C), or ultra low strength (D). If 

CBR or coefficients of subgrade reaction are directly involved, selection of 

category can be made directly from the prescribed limits in CAR-14, Part I. 

Otherwise the category must be determined from a correlation between the 

subgrade strength parameter used for evaluation and CBR or subgrade 
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coefficient, or it must be determined directly by judgment. For subgrade strengths 

on the borderline between categories, selection of the lower (weaker) strength 

category will generally be more conservative in relation to protection of the 

pavement from overload. 

 

 

c) Tire pressure.   The tire pressure category must be evaluated as high (W), 

medium (X), low (Y) or very low (Z). Where a surfacing is PCC the high 

category is virtually always pertinent.  High quality bituminous surfacing or 

overlays should readily accept hi h category tire pressures while the very low 

category need only be able to sustain normal truck tire pressures.  The medium 

and low categories fall below and above these two limits respectively.  Some 

design methods set minimum bituminous layer thicknesses in relation to tire 

pressures (s e the Canadian method in Chapter 4) and these may help in 

selecting the tire pressure category.  Some methods prescribe tire pressure 

directly in relation to surfacing characteristics and these can be directly applied 

or category selection. Otherwise selection must depend on experience and 

judgment in relation to surfacing characteristics, tire pressures of using aircraft, 

and condition surveys of pavements. 

 

d) Evaluation method. This will be a technical evaluation reported as code T. 

 

e) Reported PCN The PCN to be reported can be determined from the aircraft 

loads (masses) which the evaluation has established as maximum allowable or 

the pavement.  By using the evaluation load for one of the heaviest type 

aircraft using the pavement and information shown in Appendix, and 

interpolating as necessary, the PCN can be found.  This can be done for a 

selected representative aircraft or for several aircraft for which evaluation of 

allowable load has been made. All such determinations should yield the same 

PCN value, or very nearly so.  If there are large differences it would be well 

to recheck both the translation from the evaluation load and the evaluation.  If 

differences are small an average or lower range value should be selected for 

reporting.  If needed information is not provided in Appendix 5 they can be 

obtained from the aircraft manufacturer, ICAO, or by analysis using the 

prescribed ACN-PCN methods (see Appendix 2). 

 

3.6.4.10. Reporting strength of pavements meant for light aircraft.   The pavement type, subgrade 

strength category, and type of evaluation are not required for light aircraft pavements, so 

only the limiting aircraft mass and tire pressure need be reported.  The foregoing methods 

for load and tire pressure limitation determinations apply to pavements meant for light 

aircraft as well. Highway evaluation or design methods might also be used. All the 

precautionary measures discussed in 3.5.7 are equally applicable here. 
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3.6.5. United States Federal Aviation Administration non-destructive evaluation 

method* 

 

3.6.5.1. Introduction.  This report describes a procedure for the determination of the load-

carrying capacity of airport pavement systems using non-destructive testing (NDT) 

techniques.  The equipment and procedures have been developed by the United 

States Corps of Engineers in response to a need of the Federal Aviation 

Administration (FAA) and United States Army for making rapid evaluations of 

pavement systems with a minimum of interference to normal airport operations. 

 

3.6.5.2. Little research was conducted in the field of NDT until about the mid-1950s when 

Royal Dutch Shell Laboratory researchers began a study of vibratory loading devices 

to evaluate flexible pavements.  Many other agencies have since investigated the use 

of NDT techniques to evaluate pavements.  The United States Army Engineer 

Waterways Experiment Station (WES) conducted minimal research using various 

types of vibratory equipment during the l95Os and 19608.  Much of the early WES 

work emphasized attempts to measure the elastic properties of the various layers of 

pavement materials using wave propagation measurements.  The basic approach 

involved use of these elastic constants along with multilayered theory for computation 

of allowable aircraft loadings.  In 1970, an improved vibratory loading device was 

developed by the Army, and, in 1972, ES began a study for the FAA to develop an 

NDT evaluation procedure.  To meet the FAA time frame, the primary effort has been 

directed" toward developing a procedure based upon measuring the dynamic stiffness 

modulus (DSM) of the pavement system and relating this value to pavement 

performance data. Work is continuing on the development of a methodology for 

measuring the elastic constants of the various layers using NDT techniques; however, 

this method has not yet been developed to an acceptable level of confidence. 

 

3.6.5.3. Applications.  The NDT evaluation procedure reported herein is applicable only to 

conventional rigid and flexible pavement systems.  A conventional rigid pavement 

consists of a non-reinforced concrete surfacing layer on non-stabilized base and/or 

subgrade materials.  A conventional flexible pavement consists of a thin (15 cm (6 in) 

or less) bituminous surfacing layer on non-stabilized layers of base, sub-base, and 

subgrade materials.  Work is currently under way to extend the NDT procedure to other 

types of pavement systems which incorporate such other variables as thick bituminous 

surfacing and stabilized layers. 

 

3.6.5.4. Equipment. The evaluation procedure contained herein requires the determination of 

the response of the pavement system to a specific steady state vibratory loading,  

Inasmuch as the response of materials making up the pavement system to loading is 

generally non-linear, the determination of the pavement response of use in the 

evaluation procedure contained herein requires a specific loading system.  The loading 

device must exert a static load of 16 kips**on the pavement and be capable of 

producing 0 to l5-kippeak vibratory loads at a frequency of 15 Hz.  The load is applied 

to the pavement surface through a 45 cm (18 in) diameter steel load plate. The 

vibratory load is monitored by means of three load cells mounted between the actuator 
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and the load plate, and the pavement response is measured by means of velocity 

transducers mounted on the load plate.  Automatic data recording and processing 

equipment is a necessity.  The loading device must be readily transportable to 

accomplish a large number of tests in a minimum amount of time, thus avoiding 

interference with normal airport operations. The   WES NDT equipment is mounted in 

a tractor-trailer unit as shown in Figure 3-5. 

 

* The material included in this section was taken from the Federal Aviation 

Administration United States, Airport Pavement Bulletin No. FAA-74-1 of 

September 1974. 

** 1 kip = 454 kg (1000 lb). 

 

3.6.5.5. Data collection. In the evaluation procedure, the response of the pavement system to 

vibratory loading is expressed in terms of the DSM.  Since the time required to measure a 

DSM at each testing point is short (2 to min), a large number of DSM measurements can be 

made during the normal evaluation period.  On runways and primary and high-speed 

taxiways, DSM tests should be made at least every 75 m (250 ft) on alternate sides of t he 

facility centre line along the main gear wheel paths.  For secondary taxiway systems or 

lesser used runways, DSM tests should be made about every 150 m (500 ft) on alternate 

sides of the centre line.  For apron areas, DSM tests should be conducted in a grid pattern 

with spacing between 75 m and 150 m (250 ft and 500 ft).  Additional tests should be made 

where wide variations in DSM values are found, depending upon the desired thoroughness 

of the evaluation.  DSM measurements for rigid pavements must be made in the interior 

(near the centre) of the slab.  The layout of DSM test sites and selection of DSM values for 

evaluation must consider the various pavement types, pavement sections, and construction 

dates.  Thus, a thorough study of as-built pavement drawings is particularly helpful in 

designing the testing programme.  After the DSM tests have been performed and grouped 

according to pavement type and construction, a representative DSM value should "be 

selected (as described below) for computation of the allowable loading. 
 

3.6.5.6. At each test site, the loading equipment is positioned, and the dynamic force is varied from 0 

to 15 kips at 2-kip intervals at a constant frequency of 15 Hz. The deflection of the pavement 

surface, measured by the velocity transducers, is plotted versus the applied load as shown in 

Figure 3- 6. The DSM (corrected as described below) is the inverse of the slope of the 

deflection versus load plot (see Figure 3-6). 

 

 

3.6.5.7. In addition to the DSM measurement, it is necessary to know the pavement type (rigid or 

flexible) and the thicknesses and material classifications of each layer making up the 

pavement section These parameters can be determined from the construction (as-built) 

drawings or by drilling small-diameter holes through the pavement. 
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Figure 3-5. Waterways Experiment Station non-destructive testing equipment 
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3.6.5.8. When the evaluation is for flexible pavement, the temperature of the bituminous material 

must be determined at the time of test.  This can be determined by directly measuring the 

temperatures with thermometers installed 2.5 cm (1 in) below the top, 2.5 cm (1 in) above 

the bottom, and at the mid-depth of the bituminous layer and averaging the values to obtain 

the mean pavement: temperature or by measuring the pavement surface and air temperatures 

and using Figure 3-7 to estimate the mean pavement temperature. 

 

 

3.6.5.9. Data correction. The load- deflection response of many pavements, particularly flexible 

pavements, is non-linear at the" lower force levels but becomes more linear at the higher 

force levels (12 to 15 kips).  In such cases, a correction is applied to the load- deflection 

curve so that the DSM is obtained from the linear portion of the curve (see Figure 3-6). 

 

 

3.6.5.10. The modulus of bituminous materials is highly dependent upon temperature, so an 

adjustment in the measured DSM must be made if the temperature of the bituminous 

material at the time of test is other than 21
o
C (70

o
F).  The correction is made by entering 

Figure -8 with the measured or calculated mean pavement temperature and determining the 

DSM temperature adjustment factor by which the measured DSM should be multiplied. 
 

3.6.5.11. The DSM and load-carrying capacity of a pavement system can be significantly changed by the 
freezing and thawing of the materials, especially when frost penetrates a frost-susceptible layer 

of material.  Correction factors to account for these conditions have not been developed.  

Therefore, the evaluation should be based on the normal temperature range, and, if a frost 

evaluation is desired, the DSM should be determined during the frost melting period. 

 

3.6.5.12. A representative DSM value must be selected for each pavement group to be evaluated.  

Although a section of pavement may supposedly be of the same type and construction, it should 

be treated as more than one pavement group when the DSM values measured in one section of 

the pavement are greatly different from those in another section. The DSM value to be assigned 

to a pavement group for evaluation purposes will be determined by subtracting one standard 

deviation from the statistical mean. 

 

3.6.5.13. Determination of allowable aircraft load.  After determination and correction of the 

measurement of the DSM, the evaluation procedure depends upon the type of pavement, rigid 

or flexible. 
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Figure 3-6. Deflexion versus load (sample plot) 
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Figure 3-7. Prediction of flexible pavement temperatures 
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Figure 3-8. DSM temperature adjustment curves 
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3.6.5.14. Rigid Pavement evaluation. 

 

  Step 1 

   

The corrected DSM is used to enter Figure 3-9 and determine the allowable 

single-wheel load. 

 

Step 2 

   

  The radius of relative stiffness is computed as 

   
  Where 

   

  h = thickness of the concrete slab, in. 

FF = foundation strength factor determined from Figure 3-10 using the FAA 

subgrade    soil group classification 

 

  Step 3 

   

Using, determine the load factor FL from Figure 3-II, 3>12, 3-13 or 3-14 

depending upon the gear configuration of the aircraft for which the evaluation is 

being made. 

 

Step 4 

   

Multiply the allowable single-wheel load from Step 1 by the FL value determined 

from Step 3 to obtain the gross aircraft loading. 
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Figure 3-9. Evaluation curve for rigid pavement 

 
Figure 3-10. FFversus sub-base thickness 
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Figure 3-11. FLversus l for single-wheel aircraft on rigid pavement 

 

 
 

Figure 3-11.  FLversus l for dual wheel aircraft on rigid pavement 
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Figure 3-13.  FLversus l for dual tandem aircraft on rigid pavement 

 

 
Figure 3-14.  FL versus  l  for various jet aircraft on rigid pavement 
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Step 5 

Multiply the gross aircraft loading from Step   by the appropriate traffic factor 

from Table 3-1 to obtain the allowable aircraft gross loading for critical areas for 

the pavement being evaluated.  For the case of high-speed exit taxiways, the 

computed allowable gross load should be increased by multiplying by a factor of 

1.18. 

Step 6 

 

The allowable loading obtained from Step 5 assumes that the rigid pavement being 

evaluated is structurally sound and functionally safe. The computed allowable loading 

should be reduced if one or more of the following conditions exist at the time of the 

evaluation: 

 

1) the allowable load should be reduced by 10 per cent if 25 per cent or more of 

the slabs show evidence of pumping; 

2) the allowable load should be reduced by 25 per cent if 30 to 50 per cent of the 

slabs have structural cracking associated with load (as opposed to shrinkage 

cracking, uncontrolled contraction cracking, frost heave, swelling soil, etc.).  If 

more than 50 per cent of the slabs show load-induced cracking, the pavement 

should be considered failed; 

3) the allowable loading should be reduced by 25 per cent if there is evidence 

of excessive joint distress such as continuous spalling along longitudinal 

joints, which would denote loss of the load-transfer mechanism. 

 

3.6.5.15. Flexible pavement evaluation 

 

  Step 1 

   

Using the DSM corrected for non-linear effects and adjusted to the standard 

temperature, determine the pavement system strength index Sp from Figure 3-15, 

 

  Step 2 

Using the total thickness t of flexible pavement above the subgrade, compute the 

factor Ft for critical pavements as 

  Ft = 0.067t 

or for high-speed taxiways as 

  Ft = 0.074t  

Step 3 

 

Using Ft determined in Step 2, enter Figure 3-16 and determine the ratio of the 

subgrade strength factor SSF to the pavement system strength index Sp 

 

Step 4 

 

Compute the subgrade strength factor SSF by multiplying SSF/ Sp by the value of 

Sp determined in step 1. 
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Figure 3-15. Evaluation curve for flexible pavement 

 

Figure 3-16.   Ft versus      
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 Step 5 

 Evaluate the pavement for any aircraft desired as follows: 

1) select the aircraft or aircraft main gear configuration for which the evaluation is being 

made and determine the tire contact area A of one wheel of the main landing gear (see 

Table 3-2); 

 

2) select the annual departure level for each aircraft for which the evaluation is being 

made and determine the traffic factor a for each aircraft from Table 3-1; 

 

3)  compute the factor Ft for each aircraft for which the evaluation is being made for 

critical pavements as 

 

 
Or for high speed taxiways as 

 
4) enter Figure 3-16 with Ft and determine SSF/Sp; 

 

5) compute the pavement system strength index Sp for the aircraft being evaluated by dividing 

SS  determined in Step   by the ratio SSF/Sp determined in Sub step 4) above; 

 

6) multiply Sp by the tire contact area A from Table 3G2 to obtain the equivalent single-

wheel load (ES  ) of each aircraft for which the evaluation is being made; 

 

7) enter Figure 3-17, 3-18, or 3-19 with the total pavement thickness t and determine the 

percentage of ESWL for the controlling number of wheels of the aircraft for which the 

evaluation is being made, i.e., if the aircraft has a dual-wheel assembly with a dual spacing of 

26 in, use Curve 4 in Figure 3-17 or, if the evaluation is for the Boeing 747 STR aircraft, use 

the Boeing 747 STR curve in Figure 3-19; 

 

8)  the allowable gross aircraft  Dad for the pavement  being evaluated and for the traffic 

volume selected is then obtained from 

 

Allowable gross aircraft load =  

 

Where 

 

ESWL   = determined by sub step 6) 

Per cent ESWL = determined by sub step 7) 
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Table 3-1. Traffic Factor for Flexible and Rigid Pavements 
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 WC  = number of controlling wheels used to determine the per cent 

 WM  = total number of wheels on all main gears of the aircraft (see Table 3-2) for 

which the       evaluation is being made (does not include wheel on nose gear). 

 

3.6.5.16. Summary.  The evaluation procedure presented herein is what must be referred to as a first 

generation procedure.  That is, further work is under way to extend the applicability of this 

procedure, and it will be updated as appropriate.  In addition, research is under way which 

will establish the NDT evaluation procedure on a more theoretical basis and thus further 

enhance its applicability.  The allowable loadings determined using the procedure 

presented herein are within acceptable limits of accuracy as compared with those 

determined using other recognized evaluation procedures.  This procedure has the added 

advantages of being less costly, presenting less interference to normal airport operations, 

and providing the evaluating engineer with much more data on which to base his 

decisions.  Also, in addition to their utility for arriving at allowable aircraft loading, the 

DSM values are useful for qualitative comparisons between one pavement area and 

another (DSM values on flexible pavements should not be compared with those on rigid 

pavements) and for locating areas which may show early distress and which may warrant 

further investigation.  As more experience is gained with the NDT techniques and 

interpretation of data, it is envisioned that many other uses of the concept will emerge. 

 

Table 3-2. Aircraft tire contact areas and total number of main gear wheels 
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Figure 3-17. ESWL curves for dual wheel aircraft on flexible pavement 

 
 

Figure 3-18. ESWL curves for dual tandem aircraft on flexible pavement 
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Figure 3-19. ESWL curves for various jet aircraft on flexible pavement 
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CHAPTER 4: - STATE PRACTICES FOR DESIGN AND EVALUATION OF 

PAVEMENTS 

4.1. Canadian Practice 

4.1.1. Scope 

4.1.1.1. This section briefly outlines Transport Canada practices for the design and evaluation 

of airport pavements.  Further details are available in Transport Canadaôs technical 

manual series.  The practices described have evolved from Transport Canadaôs 

experience as the operator of all major civil airports in Canada. Most airport sites in 

Canada are subject to seasonal frost penetration and the design and evaluation 

practices described are oriented to this type of environment.  The practices described 

do not apply to pavements constructed in permafrost regions where special design 

considerations are required.  The practices outlined do not cover several topics which 

are associated with and essential to the design of pavement structures. Included in 

this category are pre-engineering studies such as soils, materials and topographic 

surveys, and design considerations such as pavement embankment stability and 

drainage. It should also be noted that the design of pavement structures is often 

greatly influenced by considerations related to cost, construction feasibility and 

airport operations. 

4.1.2. Pavement design practices 

Partial frost protection 

4.1.2.1.1. Unless otherwise justified by a life cycle cost analysis, the thickness of pavements 

constructed on frost susceptible subgrades must not be less than the partial frost protection 

requirement given in Figure 4-1.  The frost susceptibility of subgrades is assessed on the 

basis of subgrade soil gradation as shown in Figure 4-2.  The partial frost protection 

requirement given in Figure 4-1 is a function of site freezing index. For a given winter 

period, this index in 
o
c -days is calculated as the sum of average daily temperatures in 

o
c, 

for each day over the freezing season, with below 0
o
c temperatures taken as positive and 

above 0
o
c temperatures taken as negative.  The site freezing index used in Figure 4-1 is a 

ten-year average.  The thickness requirements of Figure 4-1 are not sufficient to prevent 

excessive differential frost heaving when highly frost susceptible soils exist in pockets in 

an otherwise non-frost susceptible subgrade.  This situation requires additional design 

measures, such as excavation of the frost susceptible soil to a suitable depth and 

replacement with material similar to the surrounding subgrade. 

 

Flexible pavement design curves 

 

4.1.2.2. A flexible pavement design curve for a given aircraft is a plot of pavement thickness 

required to support the aircraft loading as a function of subgrade bearing strength.  

The equation utilized to generate this design curve is: 

 S = (ESWL)   (c110
-c

2
t
) 

 Where: 

 S = subgrade bearing strength (kN) as discussed in 4.1.3.3 

 ESWL = equivalent single wheel load of the design aircraft loading (kN) 

 t = pavement equivalent granular thickness (cm) as discussed in 4.1.3.1 

 c1, c2 =factors depending on contact area of ESWL,given in Figure 4-3. 
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Figure 4-1. Partial frost protection 

requirements
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Figure 4-2. Subgrade frost susceptibility and spring reduction factor (S.R.F) 
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Figure 4-3. Design equation factors C1 and C2 
 

Rigid Pavement design curves 

 

4.1.2.2.1. A rigid pavement design curve for a given aircraft is a plot of concrete slab thickness 

required to support the aircraft loading as a function of bearing modulus of the surface 

on which the slab rests.  Slab thickness required to support an aircraft loading is based 

on limiting to 2.75MPa the flexural stress occurring at the bottom of the slab directly 

under the centre of one tire of the aircraft gear. The stress calculations are carried out 

according to the Westergaard analysis for interior slab loading conditions using a 

computer programme similar to the one in Appendix 2. 

 

Design curves for standard gear loadings 

 

4.1.2.2.2. Airport pavements are usually designed for a group of aircraft having similar loading 

characteristics rather than for a particular aircraft.  For this purpose a series of 12 

standard gear loadings were defined to span the range of current aircraft loadings.  

Flexible and rigid pavement design curves for these standard gear loadings are given in 

Figures 4-5 and 4 -6.  To compare the loading of a particular aircraft to the standard 

gear loadings, the flexible and rigid pavement design curves for the aircraft are 

superimposed over those for the standard gear loadings.  Based on this method of 

comparison, Table 4-1 lists various aircraft and the standard gear loadings to which they 

are equivalent. The standard gear loading which is equivalent to a given aircraft loading 

is referred to as the "load rating" for that aircraft (ALR). 
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Figure 4-4. Surface bearing strength and bearing modulus as a function of subgrade bearing 

strength and pavement equivalent granular 

thickness

 
Figure 4-5. Flexible pavement design curves for standard gear loadings 
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Figure 4-6. Rigid pavement design curves for standard gear loadings 

 

4.1.2.2.3. The steps followed to determine asphalt pavement thickness requirements are 

 

a. determine design loading (ALR) for the pavement on the basis of traffic 

studies and projections; 

 

b. determine subgrade bearing strength as discussed in 4.1.3.3; 

 

c. determine from Figure 4-5 pavement equivalent granular thickness requirement 

:for the design load rating; 

 

d. determine the pavement thickness required for partial frost protection in accordance 

with 4.1.2.1; and 

 

e. the pavement thickness provided will be as determined in c), or as determined in d), 

whichever is greater. In making the comparison, the equivalent granular thickness 

determined in c) must be converted to actual pavement thickness as discussed in 

4.1.3.1. 
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Table 4-1 Aircraft load ratings 
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4.1.2.3. The thickness of pavement component layers will depend on tire pressure to be 

provided for, as outlined in the following table. 

Pavement layer design thickness (cm) 

 

Pavement layer Design tire pressure (MPa) 

 

Less than  

0.4 

0.4 to 0.7 0.7 to 1.0 Greater than 

1.0 

 

Asphaltic  

concrete 

 

5.0 

 

 

6.5 

 

9.0 

 

10.5 

 

Cr Gravel or  

 Cr Stone Base 

 

15 

 

23 

 

23 

 

30 

 

Selected Granular 

 Sub-base 

 

As necessary to provide total thickness required 

     

 

Rigid pavement thickness requirements 

4.1.2.4. The steps followed to determine rigid pavement thickness requirements are: 

 

a) determine design loading (ALR) for the pavement on the basis of traffic 

studies and projections; 

 

b) determine total pavement thickness required for partial frost protect on in 

accordance with 4.1.2.1; 

 

c) estimate concrete slab thickness that will be required; 

 

d) determine required base thickness by subtracting slab thickness from total 

pavement thickness determined in b); 

 

e) determine bearing modulus at top of base course as discussed in 4.1.3.4; 

 

f) determine concrete pavement slab thickness required for this bearing modulus from 

Figure 4-6; and 

 

g) using the slab thickness determined in f) as a new estimate of requirements, repeat steps c) 

to f) until the slab thickness determined in f) equals that assumed in c). 

 

4.1.2.4.1. The minimum base course layer provided is 15 cm, even if not required for frost 

protection. With pavements designed for a load rating of 12, the minimum base course 

normally provided is 20 cm of cement stabilized material.  These minimum thicknesses 

are placed over selected granular sub-base material when thicker base layers are 

required for frost protection purposes. 
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4.1.2.4.2. The pavement design practices outlined above, and the evaluation practices outlined 

below, assume that the pavement is constructed to standard specifications governing the 

quality of pavement construction materials and workmanship.  If standard specification 

requirements are not met, some adjustments based on engineering judgment may be 

required to the design and evaluation practices outlined.  Tables 4-2, -3 and 4-provide 

some construction requirements considered essential to normal design and evaluation 

practices. 

4.1.3. Pavement evaluation practices 

Pavement thickness and equivalent granular thickness 

4.1.3.1. The evaluation of pavement structures for aircraft loadings requires accurate 

information on the thickness of layers within the structure, and the physical properties 

of the materials in these layers. A bore hole survey is conducted to determine this 

information when it is not available from existing construction records.  Equivalent 

granular thickness is a term applied to flexible pavement structures, and is the basis 

for comparing pavements constructed with different thicknesses of materials having 

different load distribution characteristics.  The equivalent granular thickness is 

computed through the use of the granular equivalency factors for pavement 

construction materials listed in Table 4-5. The granular equivalency factor of a 

material is the depth of granular base in centimeters considered equivalent to one 

centimeter of the material on the basis of load distribution characteristics.  The values 

given in Table 4-5 are conservative and actual granular equivalency factors are 

normally higher than the values listed.  To determine the equivalent granular 

thickness of flexible pavement structure, the .depth of each layer in the structure is 

multiplied by the granular equivalency factor for the material in the layer.  The 

pavement equivalent granular thickness is the sum of these converted layer thickness. 

Table 4-2. Compaction requirements 
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Table 4-3. Asphaltic and Portland cement concrete mix requirements 

 
Table 4-4. Aggregate requirements 
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Table 4-5. Granular equivalency factors 

 
 

Table 4-6. Typical subgrade bearing strengths 

 
Pavement bearing strength measurements 

 

4.1.3.2.    Transport Canada practice is to conduct measurements of bearing strength on the 

surface of flexible pavements.  Testing is not conducted until at least two years after 

construction to permit subgrade moisture conditions to reach an equilibrium state. The 

bearing strength of rigid pavements is not normally measured, as strengths calculated 

on the basis of slab thickness and estimated bearing modulus are considered 
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sufficiently accurate.  The standard measure of bearing strength is the load in kilo 

Newton which will produce a deflexion of 12mm after 10 repetitions of loading, when 

the load is applied through a rigid circular plate 762 mm in diameter.  This definition 

applies for subgrade bearing strength as well as for measurements conducted at the 

surface of a flexible pavement.   In actual practice, a variety of test methods are 

employed to measure bearing strength.  These methods include both repetitive and non-

repetitive plate load test procedures in which a variety of bearing plate sizes may be 

used.  Benkelman beam testing procedures may be employed in place of plate load 

testing at small airports intended to serve light aircraft only.  Transport Canada 

document AK-68-31 "Pavement Evaluation - Bearing Strength" details the test 

methods which may be used, and provides correlations for converting the results of 

these test methods to the standard measure of bearing strength defined above. 

 

Subgrade bearing strength  

4.1.3.3. When a bearing strength measurement has been made on the surface of flexible 

pavement, and the equivalent granular thickness of the pavement structure is known, 

the subgrade bearing strength at that location may be estimated from Figure 4-4. 

Subgrade bearing strength varies from location to location throughout a pavement 

area. In pavements subject to seasonal frost penetration, variation also occurs with 

time of year, with the lowest values reached during the spring thaw period.  The 

subgrade bearing strength used to characterize a pavement area is the lower quartile, 

spring reduced value. The lower quartile value of several bearing strength 

measurements made throughout a pavement area is that value for which 75 percent of 

the measurements are greater in magnitude. It is calculated as x - 0.675s, where x is 

the average of measurements made and s is their standard deviation. For pavements 

subject   of seasonal frost penetration, spring thaw conditions are estimated by 

applying a reduction factor to lower quartile subgrade bearing strengths derived from 

summer and fall measurements.  The reduction factor applied depends on gradation 

of the subgrade soil as shown in Figure 4-2, and typical spring reduction factors 

based on soil classification are listed in Table 4-6. When the ground water table is 

within 1 meter of the pavement surface, the spring reduction factors listed in Table 4-

6 are increased by 10 for each soil type.  Subgrade bearing strengths are normally 

established at existing airports through bearing strength measurement programmes.  

Subgrade bearing strength values derived from measurements are used when 

designing new pavement facilities at the airport provided subgrade soil conditions are 

similar throughout the site.  when designing or evaluating pavements at an airport 

where strength measurements have not been made, a value of subgrade bearing 

strength is selected from Table 4 -6 on the basis of subgrade soil classification. 

 

Rigid Pavement bearing modulus 

4.1.3.4. Bearing modulus is based on the load in Mega Newton which will produce a 

deflection of 1.25 mm when the load is applied through a rigid circular plate 762 mm 

in diameter.  This load is then divided by the volumetric displacement of the plate at 

this deflection (0.57 x 10
-3

 m
3
) to compute bearing modulus in units of mega pascals 

per metre. Rigid pavement bearing modulus is the bearing modulus at the surface of 

the base course on which the concrete slab rests. It is rarely measured directly for 

pavement design or evaluation purposes.  Instead, bearing modulus at the top of the 
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base course is estimated from Figure 4-4 on the basis of a subgrade bearing strength 

determined as discussed in 4.1.3.3, and the equivalent granular thickness of sub-base 

and base course provided between subgrade and concrete slab. 

 

Pavement strength reporting 

 

4.1.3.5. The two parameters governing strength of flexible pavements are pavement 

equivalent granular thickness (t) as discussed in 4.1.3.1 and subgrade bearing strength 

(S) as discussed in 4.1.3.3. Pavement strength is reported in terms of the Pavement 

Load Rating (PLR) which is determined by plotting the point on Figure 4-5 using the 

pavement t and S values as coordinates. The load rating reported for the pavement is 

the numerical value of the standard gear loading whose design curve falls 

immediately above this point. The two parameters governing the strength of a rigid 

pavement are bearing modulus (k) as discussed in 4.1.3.4, and concrete slab thickness 

(h). These values are plotted on Figure 4-6 to determine the load rating of rigid 

pavements in a manner similar to that for flexible pavements. A tire pressure 

restriction may be applied to flexible pavements. The restriction applied is the tire 

pressure for which the pavement asphalt and base course thickness satisfy design 

requirements, as given in 4.1.2.6. No tire pressure restrictions are applied for concrete 

pavements. Aircraft having a load rating (ALR) and tire pressure equal to or less than 

the values reported for a pavement structure are authorized to operate on the 

pavement without restriction. Proposed operations by an aircraft with a load rating or 

tire pressure exceeding reported values must be referred to the airport operating 

authority for an engineering and management assessment. 

 

Composite pavement structures 

4.1.3.6. A composite pavement structure is created when an existing pavement structure is 

overlaid for strengthening or resurfacing purpose. Composite pavement structures are 

evaluated as flexible or rigid pavements are accordance with the procedures below: 

a) Asphalt overlay on flexible pavement 

A flexible pavement overlaid with additional asphalt pavement layers is evaluated 

as a flexible pavement having an equivalent granular thickness determined as 

outlined in 4.1.3.1. 

b) Asphalt overlay on rigid pavement 

A rigid pavement receiving an asphalt overlay less than 25 cm in thickness is 

evaluated as rigid pavement, with the concrete slab and asphalt overlay thickness 

is converted to an equivalent single slab thickness as given in Figure 4-7. A rigid 

pavement receiving as asphalt overlay greater than 25cm in thickness is evaluated 

as flexible pavement with an equivalent granular thickness determined as outlined 

in 4.1.3.1. 

 

c) Concrete overlay on flexible pavement 

A flexible pavement overlaid with a concrete slab is evaluated as a rigid pavement 

with the flexible pavement structure forming the base for the concrete slab. 

 

d) Concrete overlay on rigid pavement 

A rigid pavement overlaid by a concrete slab is evaluated as a rigid pavement 

with the two slabs converted to an equivalent slab thickness as given in Figure 4-
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7, except when a separation course greater than 15 cm is placed between the two 

slabs.  When a separation course greater than 15 cm in thickness is used, the 

upper slab is considered to act independently as a single slab with the lower slab 

forming part of` the base. 

 

Surface condition evaluation 

 

4.1.3.7.   In addition to pavement bearing strength evaluation and reporting, airport pavements 

are subject to an evaluation of surface conditions yearly at international airports and 

biennially at other airports.  The surface condition evaluation programme consists of a 

visually based structural conditions survey, and quantitative measurements of 

roughness and friction levels on runway surfaces. 

 

4.1.3.8.   Structural condition surveys are conducted by an experienced pavements engineer or 

technician who visually inspects the pavements and reports on the extent and severity of 

observed pavement defects and distress features.  On the basis of traffic levels and 

observed defects and distress features, an estimate is also provided for the year in which 

pavement rehabilitation should be programmed.  A typical Structural condition survey 

report is shown in Figure 4-8. 

 

4.1.3.9.   Runway roughness measurements are conducted with a Road meter, a device which 

records vertical movements in an automobile as the vehicle is driven along the runway 

at 80 km/h.  Roadmeter readings are converted to a Riding Comfort Index on a scale of 

0 to 10 and plotted as shown in Figure 4-9 to provide a record of runway roughness 

development with time.  The runway roughness performance chart illustrated in Figure 

4-9 is used to assess when excessive roughness levels requiring rehabilitation will be 

reached. 

 

4.1.3.10. Runway surface friction measurements (normal wet state) are currently conducted 

with a SAAB Surface Friction Tester.  Measurements are conducted at a vehicle 

speed of 65 km/h using a treaded measuring tire inflated to 0.21 MPa pressure.   He 

runway surface friction profiles obtained from these measurements, as illustrated  in 

Figure 4-10, are used to determine the need for surface texturing or rubber removal 

programmes. 
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Figure 4-7. Equivalent single slab thickness of overlaid concrete slab 
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Figure 4-8. Pavement condition survey report
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Figure 4-9. Runway roughness performance chart 

 
Figure 4-10. Runway coefficient of friction profile 
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4.2. French Practice 

4.2.1. General 

4.2.1.1.  Definitions 

 

a) Structure of pavement.  A pavement normally comprises the following from top 

to bottom: 

- a ñsurface layerò consisting of a ñwearing courseò and possibly a ñbinder 

courseò; 

- a ñbaseò; 

- a ñsub-baseò; and 

- Possibly a lower sub-base or an improved subgrade. 

 

b) Types of structures, 

 

 - A ñflexible structureò consists only of courses of materials that have not been 

bound or treated with hydrocarbon binders. 

 - a "rigid structureò offers a wearing course made up of a Portland cement slab; 

 - a ñsemi-rigid structure" comprises a base treated with hydrocarbon binders; and 

 - a "composite (or mixed) structure" results from reinforcing a rigid structure with 

a flexible or semi-rigid structure. 

 

c) Pavement types For the sake of simplification a distinction is made hereinafter 

only between the two major pavement types, referred to in general terms as 

follows: 

 

 - ñflexible pavements" include flexible and semi-rigid structures, as well as certain 

types of composite structures (e.g., a formerly rigid, badly cracked pavement  

reinforced with material treated with hydro- carbon binders); and 

 

 - ñrigid pavements" include rigid structures and certain types of composite 

structures (e.g., a rigid pavement renewed by applying a wearing course treated 

with hydrocarbon binders). 

 

d) Bearing strength.  The "bearing strength" or ñbearing capacity" is the ability of 

a pavement to accept the loads imposed by aircraft while maintaining its 

structural integrity. 

 

e) Pavement life.  This is the period at the end of which the bearing strength of the 

pavement becomes inadequate to bear, without risk, the same traffic in the 

course of the following year, thus necessitating general reinforcement or 

reduction traffic. The ñnormal life" of a pavement is ten years and pavements 
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are generally designed for that period,   however, in the circumstances described 

later on in these guidelines, another value may be established for the life of a 

pavement. 

  

f) Traffic  

 

- One "movement (actual)" is the application to the pavement of a load by an 

actual undercarriage leg during one manoeuvre (take-off, landing, taxiing),  The 

number of actual movements is generally higher than the number of movements 

accounted for by the operator (take-offs and landings), 

 

- An ñactual load P" is the load actually applied by an aircraft undercarriage leg. 

 

- "Actual traffic" consists of different movements of varying actual loads applied 

by actual undercarriage legs of different categories. 

 

- The "normal design load" is the load taken into account in formulas or graphs 

for the purpose of designing the pavement.  It may be "weighted" or not, 

depending on the function of the pavement 

involved. 

 

- ñNormal traffic" is traffic consisting of ten movements per day by the aircraft 

producing the design load over an expected pavement life of at least ten years. 

 

- The "allowable load Po" of a pavement is the load on an under- carriage leg 

(actual or fictitious) calculated according to the design concept as being 

allowable at the rate of ten movements per day over ten years. 

 

- An "equivalent movement" is the application of a reference load by an 

undercarriage leg (actual or fictitious). 

 

- ñEquivalent trafficò corresponds to actual traffic reduced to a number of 
equivalent movements. 

 

- The ñpotentialò of a pavement on a given date is represented by the number of 
equivalent movements which it can accept during the residual life. 

 

g) Types of Design 

- ñoptimized design" (or optimized design method):  design which takes into 

account all aircraft types having a significant effect on the pavement,  This 

method is  referable if sufficiently reliable and accurate traffic forecasts are 

available throughout the expected life of the pavement. 

 

- ñgeneral design" (or general design method):  design in terms of a reference 

load which the pavement must support.  In practice, this method is mainly 

used at the level of preliminary studies or in the absence of accurate data.  

The reference load is evaluated in terms of the anticipated utilization of the 

aerodrome, the characteristics of aircraft in service or at the planning stage, 
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and the specific role of the pavement in question. 

4.2.2. Choice of the design load 

 

4.2.2.1.   Aircraft characteristics affecting the design 

 

a) Aircraft mass. There is a need to list for each aircraft: 

 

- in the case of the general design method: take-off mass 

- in the case of the optimized design method: take-off mass, landing mass 

 

Collection of data on the mass of the various aircraft to be considered in a design is 

a difficult task bearing in mind: 

 

- the variations in payload 

 

- the uncertainty of forecasting traffic composition (aircraft stages) and 

developments in regard to aircraft fleets. 

 

For the purpose of studying an optimized design, one useful method consists of 

establishing mass histograms in respect of each aircraft.  Selecting a category width 

of 1/20th of the maximum mass provides sufficient accuracy. 

 

b) Undercarriage leg. Wheel assembly mounted on one leg. The complete set of 

undercarriage legs constitutes the undercarriage. A ñtypical undercarriage leg" 

which is representative of each of the three most widely used categories of 

undercarriages (single wheel, dual wheels, dual tandem wheels) is introduced The 

characteristics of the typical undercarriage legs are as follows: 

 

 

Typical  

undercarriage leg 

 

Track 

(cm) 

Base 

(cm) 

Tire 

pressure 

 

Single Wheel 

 

 

-- 

 

-- 

 

0.6 MPa 

 

Dual wheels 

 

 

70 

 

-- 

 

0.9MPa 

 

Dual tandem 

wheels 

 

 

75 

 

140 

 

1.2MPa 

c) Distribution of the mass over the undercarriage legs 

1) Static distribution. The over-all distribution of the aircraft mass between 

the nose leg and the main undercarriage legs is dependent upon the load 

distribution of the aircraft (i.e., the position of the centre of gravity) and 

varies little. In the absence of data, one would assume that the distribution 
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is 10 per cent on the nose leg (maximum forward load distribution) 95 per 

cent on the main undercarriage legs (maximum reward load distribution) 

for conventional undercarriages. 

 

2) Braking action.  The effect of braking action is not taken into account in 

designing pavements. It plays a role only in specified studies (example: 

structures underneath the runway). 

 

 

d) Loads used in the calculations. In the case of the undercarriages of current aircraft, 

the distance between the legs is such as to justify a separate study of the action of each 

undercarriage leg.  The main undercarriage leg generally causes the greatest stress.  In 

some cases, the secondary undercarriage leg may well be the most critical for the 

pavement (examples:  nose leg of B-747, centre leg of DC-10- 30).  The load is taken 

into account in the calculations in the form of a load per undercarriage leg.  The 

graphs in respect of the main aircraft examined (Appendix 3) are produced in 

accordance with this concept. Those cases where the secondary undercarriage leg is 

likely to be more critical than the main undercarriage leg are identified and additional 

graphs provided. 

 

4.2.2.2. Weighting of load according the function of the pavement. Each type of facility (runways, 

taxiway, aprons, maintenance areas, etc.) must be designed separately to take into account 

differing stress conditions. Although subjected to the same loads, some pavements may 

experience different fatigue conditions. For example: 

a. Traffic is slow and concentrated on aprons and, conversely, rare and dispersed on 

shoulders and stopways; and 

 

b. Consequences of dynamic effect. When an aircraft rolls at high speed (such as the 

middle part of the runway at take-off and the first 1000 m beyond the threshold 

during landing), the loading phenomenon is transient and thus less severe.  In 

addition, the load is reduced by the lift of the wings.  The loads listed in respect of 

each type of area are weighted to take into account the different fatigue conditions 

as shown on Figure 4-11. When studying a project, it is recommended to examine 

the savings that may be achieved by applying these concepts as well as the possible 

difficulties that may arise during construction or at the time when these areas may 

be used for a different purpose. Thus reductions in the thickness can be made 

whenever these will have real short and long term advantages.  Such design 

concepts for reducing pavement thickness are commonly used in some countries.  

In France they have only been applied on a very limited scale up to now. 

 

 

4.2.2.3. Loads other than those produced by aircraft.  Some areas (such as those in front of 

airport: buildings) are not accessible to the undercarriage legs.  on the other hand, 

aerodrome pavements do not only support aircraft, but also other vehicles and 

machinery (e.g., ground transportation vehicles - buses, trucks, baggage tow-trolleys, 

container carriers, fire fighting vehicles, aerobridges, etc.) which sometimes produce 

more critical loads (particularly on aprons). When stationary, these units have a 

considerable punching effect on the pavement producing concentrated stress, due to 
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the fact that they are moving about in a limited space. The exceptional loads are taken 

into account in the following manner: 

 

a) the affected areas are designed for these loads; 

 

b) the surface of areas used by stress-producing vehicles or equipment must be 

limited (traffic rules, markings on the surface); and 

 

c) special  pavements may be studied (example: special coatings) 

 
 

 
 

Figure 4-11. Weighing of load P 
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4.2.3. Designing flexible pavements 

 

4.2.3.1. The design of a flexible pavement involves two stages: 

a) Collection of data: - traffic (loads, movements) 

 

- characteristics of the natural soil. 

 

b) Calculation of the thickness, which also comprises two stages; 

 

- the determination of an "equivalent pavement thicknessòe using 

either the general design or optimized design methods. 

 

- the selection of a pavement structure which provides an equivalent 

thickness corresponding to or greater than the thickness determined 

above. 

 

4.2.3.2.   Bearing strength of the subgrade 

a) General case:  The bearing strength of the subgrade is denoted by its California Bearing 

Ratio (CBR).  The CBR value adopted is the lowest one obtained during the "test series 

in which the total number of samples is compacted to 95 per cent of Modified Proctor 

Optimum Density after having been immersed in water for four days. 

 

b) Gravelly soils and pure sand:  In the case of gravelly soils and pure sand, the CBR 

measurement is meaningless and general values will be adopted as shown in the 

following table: 

 

 

Description of the soil 

 

 

Measured CBR 

 

Significant CBR 

 

Pure well-graded gravel 

 

 

40 

 

20 

Pure badly graded  gravel 

 

30 20 

Gravel containing silt 

 

>40 (PI < 7) > 20 (PI > 7) 20 (PI < 7) 10 (PI >7) 

Gravel containing clay 

 

20 10 

Pure well-graded sand 

 

20 10 

Pure badly graded sand 

 

20 6 to 8 

 

PI- Plasticity Index 
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c) Improved Subgrade.  Where the pavement comprised an improved subgrade 

(considerable thickness of added material of average or non-homogeneous 

quality), this will be taken into account in the calculation in the following 

manner. Let it be assumed that the bearing strength of the untreated and improved 

subgrades are, respectively, CBR1, and CBR2 and that h1 and h2 , which will be 

calculated according to the design method selected (general or optimized) 

correspond to one of these CBRs. If h is the thickness of the improved subgrade, 

the required thickness of the pavement above this subgrade, i.e., e can be 

calculated by applying the formula: 

  

 e = h1 ï h    

 

providing exceeds or is at least equal to h2.  Should e be less than h2 than the 

thickness of the pavement is fixed at h2. This also applies to cases where the natural 

soil comprises a substratum that is covered by a relatively thin soil layer of better 

bearing strength. This top layer may then be regarded as an improved subgrade so 

that the above method can still be used. 

 

4.2.3.3.  Calculating the equivalent pavement thickness 

 

  - General design ï see 4.2.5 

  - Optimized design ï see 4.2.6 

 

4.2.3.4. Structure of the pavement.   A flexible pavement is normally made up of three different 

courses of increasing quality from bottom to top: the sub-base, the base and the surface 

course. The concept of equivalent thickness is introduced to take into account the 

different mechanical qualities of each course. The equivalent thickness e of a course is 

equal to its actual thickness er multiplies by a numerical coefficient c or equivalence 

coefficient. The equivalent thickness of the pavement is equal to the sum of the 

equivalent thicknesses of its courses. The values shown in the table below may be 

used as a reference in the case of new materials: 

 

New Materials Equivalence Coefficient 

Concrete-type dense bituminous mix 2 

Sand-gravel mix bound with bitumen 1.5 

Emulsion sand-gravel 1.2 

Sand-gravel treated with hydraulic binders (cement, slag, 

fly-ash, lime) 

1.5 

Well-graded crushed gravel 1 

Sand treated with hydraulic binders (cement, slag) 1 

Pea gravel  0.75 

Sand 0.5 

  

In a properly constituted pavement, the equivalence coefficients of necessity increase from 

bottom to top. 
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4.2.3.5. Choice of a structure. The choice of a structure must take into account two general 

concepts: 

 

a) Construction concepts which relate to the nature of the materials to be used, the 

quality and formulation of components, the minimum and maximum thicknesses 

involved, sound bonding of courses, etc,; and 

 

b) Mechanical concepts which define the values of equivalence coefficients, proscribe 

or advise against the use of certain materials in the different courses, indicate the 

thicknesses of the treated materials needed for the normal mechanical behaviour of 

the pavement, etc.  These directives have the following effect on the different 

courses: 

 

¶ Surface course (wearing course and possibly binder course).    The surface course 

must consist of bituminous concrete. (Some directives, especially as regards 

formulation and compactness to be achieved at the work site, differ considerably 

from those applicable to road pavements.) 

 

¶ Base and sub-base.  The choice of materials for the base and sub- base is 

subject to the applications specified in the. Following table: 

 

Types of materials 

 

Used in 

base 

Used in 

sub-base 

Remarks 

 

Sand-gravel mix bound with hot 

hydrocarbon binders 

 

Yes 

 

No 

 

Expensive 

materials. 

 

Materials treated with hydraulic 

binders (coarse aggregated 

concrete, slag, fly-ash gravel, sand-

based concrete) 

 

No 

 

Not 

advisabl

e 

 

Except with 

special 

dispensation 

following 

consultation of 

Administration. 

 

Untreated gravel (crushed, well-

graded) 

 

Yes 

 

Yes 

 

-- 

 

 

Pea gravel 

 

No 

 

Yes 

 

-- 

 

Materials treated with cold 

hydrocarbon binders (emulsion 

gravel) 

 

Not 

advisable 

 

Not 

advisabl

e 

The use of these 

materials calls for 

a technique 

which has not 

been sufficiently 

tested on 

aerodrome 

pavements. 
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Frequently, economic considerations make it necessary to envisage the use of materials that have been 

treated with hydraulic binders (coarse-aggregate concrete, slag based on sand-gravel mix, sand-gravel 

fly-ash mix, etc.) in the base or sub-base. However, the magnitude of the loads applied to aerodrome 

pavements creates much greater stresses than those produced on road pavements.   The risks and 

consequences, among others, are: 

 

¶ for the pavements:  rapid signs of deterioration (cracks in wearing course, 

crumbling, tearing, pumping up of particles or re-appearance of fines of laitance); 

 

¶ for aircraft: ingestion by jet engines of aggregate particles, evenness; and 

 

¶ for management: higher maintenance costs (filling cracks). 

 

Consequently, the use of materials treated with hydraulic binders is proscribed for the base and not 

advised for the sub base.  In the case of the latter, an actual thickness measuring at least 20 cm of 

materials treated with hydrocarbon binders must cover the semi-rigid course.  Any exception to these 

rules calls for a special study for which expert device of the Administration must be requested.  

Specifications for materials that may be used in the base or subbase are identical to those applied to 

road pavements. 

 

4.2.3.6.  Thickness of treated materials.  An adequate thickness of treated materials is necessary to 

ensure an acceptable behaviour of the upper pavement layers. Figure 4-12 shows, for 

guidance, the optimum equivalent thickness of treated materials with respect to the 

total equivalent thickness of the pavement and the CBR of the natural soil. 

 

4.2.3.7. Influence of climatic factors.  In regions that are subject to significant seasonal climatic 

variations, possible changes in the bearing strength of the soil shall be taken into account.  

Despite the considerable influence which temperature has on bituminous mix pavements, 

no correction for thickness will be made to account for this parameter:  the values 

indicated for the equivalence coefficients for the coating mixes suggested previously 

represent a weighted average.  It is recommended that testing for frost-thaw be performed 

in accordance with the information contained in 4.2.7. 

4.2.4. Designing rigid pavements 

 

4.2.4.1. The design of rigid pavements involves the following two stages: 

 

a) Collection of data: 

i. ïTraffic (loads, movements) 

ii . Characteristics of the subgrade and of the hydraulic cement concrete; and 

 

b) Calculation of the thickness of the concrete slab (only the most general case of non-reinforced 

and non-prestressed pavements is examined). 
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Figure 4-12. Flexible pavements: Optimum thickness of treated materials with regard to the 

equivalent thickness of treated materials to the total thickness of the pavement and to the CBR 

 

4.2.4.2.   Evaluation of the sub-base. A rigid pavement normally consists of two courses on top 

of the natural soil, i.e., a sub-base and hydraulic cement concrete slab. The bearing 
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strength of the natural soil is expressed in the form of its modulus of reaction k0. This is 

corrected in accordance with the equivalent thickness of the sub-base.  The modulus 

thus corrected (i.e. modulus of sub-base reaction) makes it possible to account for the 

soil and sub-base as one single parameter in the calculations. 

 

4.2.4.3.   Bearing strength of natural soil (subgrade).  The modulus of subgrade reaction k0 of 

the soil is evaluated by means of a plate bearing test carried out on soil compacted to 

95 per cent of the Modified Proctor Optimum density.  It is desirable for a certain time 

to elapse between compacting and testing to allow the soil to regain its free moisture 

content.  The number and distribution of test points must be such as to make the results 

meaningful. 

 

4.2.4.4.   Bearing strength of the sub-base.  The modulus of subgrade reaction of natural soil is 

subsequently corrected in regard to the equivalent thickness of the sub- base.  Figure 4-

13 is used for this purpose. The definition of equivalent thickness is given in 4.2.3.4. 

 

Important Note: The corrected k should be used in these calculations. Using 

the k measured at the top of the sub-base course would result in optimistic 

figures. 

 

Although the sub-base affects the calculation only slightly (as a corrective 

term of modulus k which itself has only a minor impact), it has an important 

multiple role: 

 

- it ensures a continuous support for the slab, particularly at its joints and 

participates in the transfer of loads; 

 

- because of its weight it opposes a possible swelling of the sub-grade soil and 

protects it against frost; 

 

- it offers a stable surface for subsequent concreting operations; and 

 

- it prevents pumped up particles from rising at the joints. 

 

4.2.4.5.   Structure of the sub-base. It is important to have a high quality sub-base. The 

following rules must be applied: 

 

- The sub-base course must be treated; 

 

- The use of coarse aggregate concrete is advisable; 

 

- lean cement concrete is not really recommended (higher risk of 

cracking); 

 

- the actual thickness of the sub-base must be at least 15 cm to ensure an efficient 

use of the material; and 
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- the specifications for materials that may be used in a sub-base are Similar to 

those for road pavements. 

 

 
Figure 4-13. Modulus of reaction of the sub-base: Correction of the modulus of reaction of the 

subgrade on the basis of the equivalent thickness of the sub-base 
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The sub-base can rest on an improved subgrade which may or may not consist of 

stabilized materials. The total equivalent thickness of the two courses is subsequently 

taken into account to correct the modulus of subgrade reaction K. It is feasible to place 

a layer of porous concrete between the concrete slab and the treated sub-base in order 

to improve the drainage and to reduce the pumping effect. 

 

4.2.4.6.   Designing the thickness of the concrete slab.  Due to the rigidity of the concrete, the 

vertical stresses applied to the subbase by a loaded concrete slab are always very low; 

the slab ensures the distribution of stresses due to loading by mobilizing its flexural 

strength. Consequently, contrary to what happens in the case of a flexible pavement, 

the design criterion for a rigid pavement is not maximum pressure at subgrade level, 

but permissible flexural moment of the slab. In the design, constant values are adopted 

to describe the concrete as follows: 

 

modulus of elasticity: E = 30000 MPa 

 

Poisson's ratio = 0.15 

 

4.2.4.7.   Stresses of concrete.  Account is taken in the calculations of the permissible flexural stress 

on the concrete which equals the flexural breaking strength divided by a safety factor. The 

flexural breaking strength is measured on prismatic specimens after 90 days. The final 

value to be retained is the mean of the measured values reduced by a standard deviation 

which corresponds to the foreseeable scatter over the site (varying between a minimum of 

10 per cent for a closely supervised construction site and 20 per cent).  If the results of 

tests performed after 28 days' curing only are available, it may be assumed that the 

flexural strength of the concrete increases by 10 per cent between 28 and 90 days. 

 

4.2.4.8.   Safety factors.    The safety factor depends on the type of joints used between the slabs of 

the pavement.  It is established at 1.8 where joints are equipped with devices for the 

efficient transfer of loads and at 2.6 in other cases, as shown in the table below: 

 

 

 

 

Type of device for transfer of 

loads across pavement 

construction joints 

 

Other conditions 

 

Safety factor 

 

Without device 

 

in all cases 

 

2.6 

 

Dowels 

 

--- 

 

1.8 

 

Tongue and groove joints 

 

 

less than 3 unfavourable conditions 

(see below) 

 

 

1.8 

 

at least 3 unfavourable conditions 

 

2.6 
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(see below) 

Unfavorable conditions 

- poor subgrade (k 20 MN/m
3
) or non-homogeneous or frost susceptible 

 

- thin sub-base (e < 20 cm) or untreated 

 

- heavy traffic consisting of wide-bodied aircraft (B -747, DC-10, etc.) 

 

- significant daily temperature gradient 

 

- absence of tie bars across joints 

 

4.2.4.9. Construction rules- see 4.2.4.11 

 

4.2.4.10. Thickness of concrete slab 

 - General design (see 4.2.5) 

 - Optimized design (see 4.2.6) 

 Comment: The general design method is generally adequate for studying rigid 

pavements. 

4.2.4.11. Construction rules 

 a) Joints. A correctly designed rigid pavement must respect the main construction 

rules laid down in Figure 4-14. 

b) Efficient transfer of loads. None of the devices described provides complete 

efficiency.  The tongue and groove systems and the contraction-expansion joints are 

efficient only where the joints are not too open under the combined effect of 

hydraulic contraction (definitive) and thermic contraction (periodic); also, with time 

they lose some of this efficiency due to the fact that the two surfaces in contact show 

wear from the effects of traffic and the thermic cycles. The efficiency of dowelled 

joints is not closely linked to their openings.  However, the transfer of loads is also 

likely to diminish with time, mainly due to the fact that the cylindrical cavity in 

which the dowel moves in a longitudinal direction becomes enlarged and more oval 

in shape.  As pointed out, the sub-base may improve the transfer of loads, provided 

it is sufficiently rigid.  However, its beneficial action also decreases with time, 

particularly because of surface erosion. 
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Figure 4-14. Joints in cement concrete pavements 
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4.2.4.12. Influence of climatic factors 

 

a) Factors of thermic orhygrometric origin.  As a general rule it is accepted that, 

provided appropriate methods are used for the joints, stresses which have a 

thermic or hygrometric origin need not be takeninto account in the design.  

Flexural stresses produced by loads during use of the pavement are not the only 

tensile stresses to which the concrete may be subjected.  Stresses may, first of all, 

result from .differential expansions between the top and bottom surfaces of the 

concrete because of differences between these two faces: 

 

- in the temperature (temperature gradient) 

 

- water content 

 

Other stresses may also be caused by friction on the sub-base which resists a 

variation in length of the slab as a whole when a change in the temperature or in 

the water content occurs.  These changes are assumed to be of a sufficient 

duration to enable the slab to achieve a state of hygrometric equilibrium.  

Consequently, they are changes that may be described as seasonal as opposed to 

those (daily) changes that are produced by hygrometric gradients in the slab.  In 

all cases, the existence of joints which limit the lengths of the basic slabs has the 

effect of reducing the magnitude of the different types of stresses. Moreover, the 

stresses of the first category largely tend to compensate each other due to the fact 

that temperature gradients and water content are normally opposite 

characteristics. Finally, these different stresses do not appreciably increase the 

stresses imposed by loads. 

 

b) Frost. An inspection for frost-thaw in accordance with the explanations contained 

in 4.2.7 is recommended. 

4.2.5. General design 

4.2.5.1. Principle. The general design method enables a pavement to be designed according to 

a reference load. For example: 

 

- the maximum load of the aircraft considered to produce the greatest stress; 

and 

 

- the desired load for a typical category of undercarriage. 

 

The design is based on normal traffic conditions, i.e., ten movements per day over ten years 

at the design load. However, where the actual traffic clearly differs from this basic 

assumption, it is possible to apply a correction factor to take account of the actual traffic 

intensity. Examples of using the general design methods are: 

 

- study of an aerodrome used for operations with an aircraft type that clearly 

produces greater stress than others; 
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- rigid pavements (the accuracy of the method is generally sufficient) ; and 

 

- Preliminary studies in the absence of reliable traffic forecasts. 

4.2.5.2. Determination of pavement thickness 

 

Data required 

 

- Normal design load P' 

 

- CBR of the natural soil (flexible pavements) 

 

- Modulus of subgrade reaction k and the permissible flexural stress of the concrete 

(rigid pavements) 

 

Graphical method 

 

Depending on the case under study, one uses either the graph for typical undercarriage 

(Figure 4-15 to 4-27) or the specific graph for the aircraft (Appendix 3). 

 

 

Note. -If one intends to determine pavement thickness for an aircraft or, more 

generally, an undercarriage leg not included in the graphs in Appendix 3, it is possible to 

use the graphs for an aircraft whose main undercarriage leg (track, base) has 

characteristics that most closely resemble those of the aircraft under study. 

 

 

4.2.5.3.   Traffic intensity.  Ten movements per day over 10 years represent an entirely reasonable 

and conservative assumption for the purpose of designing a new pavement.  Nevertheless, 

it is conceivable that this figure is either clearly below the foreseeable traffic volume for 

the aerodrome (e.g. a major aerodrome) or considerably higher (e.g.  an alternate 

aerodrome).  It is necessary in those cases to take account of the actual traffic intensity 

appropriately adjusted.  The correction is based on a relationship between the pairs (P, n), 

where P is the load and n the number of applications in movements/day and the pair (P', 

10) where P' s the normal design load (by definition applied 10 times per day for): 

 

  
 

 

Important Remark: Relationship [1] is only valid for a pavement life of ten years. For any 

other period, it would be appropriate to relate the figure to ten years (example: 4 

movements/day over 20 years are equivalent to 8 movements/day over ten years). The 

value of factor C is limited to 1.2 at the top end of the scale (minimum assumption of 1 
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movement/day) and to 0.8 at the bottom end of the scale (maximum assumption of 100 

movement/day). 

 

 
Figure 4-15. Flexible Pavement- typical undercarriage leg ï single wheel 
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Figure 4-16. Flexible Pavement ï typical undercarriage leg ï dual wheels 

 


