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Abstract

The Aircraft Classification Number (ACN)-Pavement Classification Number (PCN) system used for publishing pavement bearing
capacity in Aeronautical Information Publications (AIPs) has been replaced by the Aircraft Classification Rating (ACR)-Pavement
Classification Rating (PCR) system. The ACR-PCR system utilizes actual aircraft and pavement structure data, allowing for more
realistic modelling of individual aircraft and pavement structures. The concept of the Cumulative Damage Factor (CDF) is
employed in the calculation of ACR-PCR. Computer programs, such as FAARFIELD, are used to compute PCR. The distress
model used in FAARFIELD for the calculation of CDF is based on a subgrade criterion. While these types of subgrade model work
well under most conditions, it has been found to result in unreasonably high PCR values for airport pavements with thicker
base/subbase layers, which are necessary to control frost damage common in cold climates or Nordic countries. This paper
evaluated an asphalt fatigue damage model for calculating the CDFs used in PCR calculations. Traffic and pavement structure data
from four airports in Sweden are used for this analysis. The results indicated that the asphalt damage model produced reasonable
PCR values. A comparison of PCR and PCN values for these runway and taxiway sections is also presented.
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1. Introduction

For the last few decades, the Aircraft Classification Number-Pavement Classification Number (ACN-PCN) system
introduced by the International Civil Aviation Organization (ICAO) has been used for publishing pavement bearing
capacity in Aeronautical Information Publications (AIPs). The ACN-PCN method employs simple mathematical
models to express the relative damage caused to the subgrade by an aircraft (ACN) and the pavement strength of a
given runway, taxiway or an apron (PCN). The system is designed to protect the pavement from subgrade rutting using
simplified numerical subgrade damage models, and to safeguard stress related pavement surface damages from high
tire pressure effects using tire pressure categories (White, 2017). The ACN depends only upon the aircraft weight, tire
pressure and subgrade categories. Four subgrade categories are defined using the CBR (California Bearing Ratio)
value to reflect the pavement tire interaction of the landing wheel. The aircraft manufacturer performs the calculation
of the ACN of each aircraft for subgrade categories and these values are included in the airport planning manual
(CASA, 2020). The PCN value on the other hand is set by the airport operator. ICAO does not provide a unique set
for calculation of the PCN thus it is up to the airport operator to select an appropriate method (Armeni and Loizos,
2022). There are several procedures implemented worldwide for reporting the PCN values. For an aircraft to operate
on unrestricted basis, the ACN of the aircraft must be less than or equal to the PCN value of the airport pavement.

With the evolution of computational power coupled with the inconsistencies of the ACN-PCN system with modern
pavement design methods such as Mechanistic-empirical design methods, ICAO has decided to replace the ACN-PCN
system with the new ACR-PCR system, Aircraft Classification Rating (ACR) and Pavement Classification Rating
(PCR). The ACR-PCR system utilizes actual aircraft traffic mix and pavement structure data, allowing for more
realistic modelling of individual aircraft and pavement structures. The concept of the Cumulative Damage Factor
(CDF) is employed in the calculation of ACR-PCR values. Computer programs, such as FAARFIELD (FAA, 2021;
Kawa, 2017), are used to compute the ACR and PCR values.

The distress model used in FAARFIELD for the calculation of CDF is based on a subgrade criterion. While these
types of subgrade model work well under most conditions, it has been found to provide unreasonably high PCR values
for airport pavements with thicker base/subbase layers, which are necessary to control frost damage common in cold
climates or Nordic countries. Any damage model consistent with the pavement design approach can be used for PCR
calculations according to ICAO. Thus, this paper evaluated an asphalt fatigue damage model for calculating the CDFs
needed for the PCR calculations. Traffic and pavement structure data from four airports (a total of 8 runway and
taxiway sections) in Sweden are used for this analysis. A comparison of PCR and PCN values for these runway and
taxiway sections will also be presented.

2. Pavement strength rating using the ACR-PCR method

The concept of the Cumulative Damage Factor (CDF) is employed for the calculation of ACR and PCR values
(ICAO, 2022). As for the ACN-PCN method, the ACR-PCR calculation is conducted for four subgrade categories,
however the subgrade categories are defined based on their elastic modulus. Table 1 summarizes the subgrade
categories for ACR-PCR and ACN-PCN methods. The ACR-PCR method follows a reporting style similar to the
ACN-PCN method.

Table 1. Subgrade categories.

Subgrade category ACR-PCR ACN-PCN
Elastic modulus, E (MPa) CBR value

A —High >150 >13

B — Medium 100 < E<150 8 <CBR<13

C-Low 60 < E<100 4<CBR<8

D — Ultra low E <60 <4
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2.1. Cumulative damage factor (CDF)

The CDF is the amount of structural fatigue life of a pavement that has been used up. It is expressed as the ratio of
the applied load repetition to the allowable load repetition to failure according to the Miners’ law.

CDF = NrTff (1a)

Where:

Nirasfic— Number of load repetitions.

N — Number of allowed load repetitions to failure.
CDF—The cumulative damage factor for a given aircraft.

The CDF for multiple aircraft can be obtained by summing the individual CDF contributions. For n number of
aircraft, the total CDF is calculated as follows:

CDF = CDF, + CDF, + CDF, + - + CDE, (1b)

The number of allowed load repetitions N is estimated based on a subgrade or an asphalt fatigue damage criterion.
The following subgrade damage models are evaluated in this paper, namely, the Shell model (Equation 2), a model
used for the design of road by the Swedish Transport Administration (TRVINFRA-00224, 2023) (Equation 3) and a
model employed by ICAO (Equation 4).

2841072
N = 10log = )/ 0.25 (2)
8.06x1078
e 3)
logN = (—0.1638 + 185.19 * g,))0:60586 @

Where:
N — Number of allowed load repetitions to failure.
&, — Vertical strain on the top of the subgrade m/m.

Additionally, two asphalt fatigue damage models are evaluated: Kingham’s model (Equation 5), which has
historically been used for PCN computations in Sweden and considered conservative, and a model employed by the
Swedish Transport Administration for road design (Equation 6).

(1,8 T+ 32)

N=216+10"1* x 1,16 ¢ ®)
(1,8 T+ 32)

N=237%10"12 x« 1,16 = (6)

Where:

N — Number of allowed load repetitions to failure.

&, — Tensile strain at the bottom of asphalt layer, m/m.

T — Asphalt temperature, °C.

d — Material constant (exponent) typically set between 4.0 and 4.3 inclusive.
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Since actual airport pavements are subjected to aircraft wheel loads that do not follow a straight path, but rather
experience wandering traffic, it is necessary to account for the effects of such wandering patterns. The wandering
pattern is assumed to follow a normal distribution, with the level of wandering expressed by the standard deviation,
denoted as ow. Accordingly, the effect of wandering is incorporated into the CDF calculation using the ow values
recommended by ICAO, along with the varying positions of the main landing gear relative to the runway/taxiway
centerline. Fig. 1 shows typical examples of CDF contributions from multiple aircraft, along with the total CDF. A
pavement structure with an asphalt layer thickness of 250 mm and a combined granular base and subbase thickness
of 1000 mm over a subgrade of category B is used in the analysis. Results from two damage models are presented:
the Shell subgrade (SG) damage model (Equation 2) and the Kingham asphalt (AC) damage model (Equation 5). It is
evident that the two damage models produced significantly different maximum CDF values, with the asphalt damage

model yielding the highest value.
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Fig. 1. CDF based on Kingham’s asphalt model (left) and Shell subgrade model (right).

2.2. Computation of ACR and PCR

Reference pavement structures defined by ICAO are used in the calculation of ACR. Two reference sections are
specified, one for flexible pavement and one for rigid pavement. The flexible pavement reference structure consists
of an asphalt concrete surface layer, a crushed aggregate base layer, and a subgrade. The asphalt layer has an elastic
modulus of 1379 MPa and a thickness of either 76 mm or 127 mm, depending on the wheel configuration of the main
landing gear. The thickness of the granular base layer is variable, and its modulus is defined as a function of both its
thickness and the subgrade modulus, to account for the stress sensitivity of the granular material (ICAO, 2022). Using
Layered Elastic Analysis (LEA) for calculation of subgrade strains and the reference pavement structure, the base
layer thickness is adjusted for each subgrade category until the maximum CDF for the aircraft equals 1.0 for 36,500
load applications. The resulting base layer thickness is considered as the reference thickness for ACR calculation.
This reference thickness is then used to determine the equivalent Derived Single Wheel Load (DSWL) at a tire pressure
of 1.50 MPa that produces a CDF of 1.0. The ACR is defined as twice the DSWL, expressed in hundreds of kg. It is
important to note that in ACR calculation, the CDF is always computed using the ICAO subgrade damage model, as
shown in Equation 4.

The calculation of PCR, as outlined by ICAO, begins with determining and recording the ACR of each aircraft in
the traffic mix at its operating gross weight (GW). The CDF is then used to identify the critical aircraft, i.e., the one
contributing the most to the total CDF. Next, the number of departures (load passes) for the critical aircraft is adjusted
so that its CDF equals the maximum CDF of the entire aircraft mix. Then, the weight of the critical aircraft is further
adjusted until its CDF equals 1.0. The ACR of the critical aircraft at this adjusted weight is calculated and recorded
as the PCR. If the critical aircraft is the one with the highest ACR, the process ends, and the maximum recorded PCR
is reported. Otherwise, the procedure is repeated by removing the current critical aircraft from the mix and identifying

the next one.
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According to ICAO, any damage model consistent with the pavement design approach can be used for PCR
calculations. In this study, the steps outlined above are implemented in a Layered Elastic Analysis (LEA) program,
incorporating the damage models shown in Equations 2 to 6. The ACR outputs from this program are compared with
the ICAO reference values and show good agreement. This program is then used to compute PCR values for selected
airport pavements in Sweden. The main motivation for developing this tool is that when using the FAARFIELD
program, which applies a subgrade damage model for PCR calculations, unreasonably high PCR values (> 2000) are
obtained for airport pavements. This is primarily because these pavements are typically designed with relatively thick
granular subbases to protect against frost damage. As a result, subgrade strains are very low, leading to extremely high
subgrade fatigue life or very low CDF values when using subgrade damage model, which in turn produce excessively
high PCR values. Historically asphalt fatigue damage model, shown in Equation 5, has been used in PCN calculations
for airport pavements in Sweden (Carlsson, 2004). For this reason, asphalt damage models are also considered
appropriate for PCR calculations.

2.3. Pavement and traffic data

The necessary data for ACR-PCR calculation is collected from various sources. The elastic modulus of the
pavement layers is derived through back-calculation of Heavy Falling Weight Deflectometer (HFWD) test
measurements (Junyu et al., 2025). The HFWD test is conducted using a 250 kN load and a 450 mm diameter loading
plate. Layer thickness data is obtained from airport operators, typically sourced from Ground Penetrating Radar (GPR)
measurements or construction documentation. Seasonal variations in the elastic modulus of pavement layers are
accounted for in the analysis, as significant differences in stiffness, particularly in the asphalt layer, occur between
winter, spring, summer, and autumn conditions. HFWD data collected during different seasons is used to estimate
these variations. The seasonal modulus values are then incorporated into the CDF calculation. For a given year, the
total CDF is computed as a weighted sum of the seasonal CDF values. Fig. 2 shows typical cross-section of a thick
pavement section, along with measured HFWD deflection data and the corresponding calculated deflections obtained
in the back-calculation of stiffness modulus of the pavement layers.
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Fig. 2. Pavement cross section (left), measured and calculated HFWD deflection (right).

Traffic and pavement data from four airports representing small, medium, and large airports are collected for the
analysis. One or more runway or taxiway sections are analyzed for each airport, resulting in a total of 8 sections. For
aircraft traffic mix data, information on annual departures, operating weights, and traffic growth factors are gathered.
Efforts are also made to include different subgrade categories in the analysis. It is important to note that the scope of
this study is limited to flexible airport pavements. Additionally, a design period of 20 years is considered for all the
analysis.
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3. Results and discussions

The subgrade and asphalt damage models (Equations 4 and 5) are evaluated in this study. These models are used
to calculate the PCR for the pavement section shown in Fig. 2, with varying thicknesses of the unbound base and
subbase layers. The asphalt layer thickness is fixed at 250 mm, and two levels of asphalt stiffness are considered, i.e.,
3000 MPa and 6000 MPa. Three subgrade categories are included in the analysis: A (200 MPa), B (120 MPa), and C
(80 MPa). A representative aircraft traffic mix is used for the evaluation. Fig. 3 and 4 present the PCR values based
on the asphalt damage model (PCR AC) and the subgrade damage model (PCR SG), respectively. The results indicate
that the stiffness of the asphalt layer is the primary factor influencing the PCR AC values. In contrast, the PCR SG
values derived from the subgrade damage model are significantly affected by both the overall pavement thickness and
the asphalt stiffness. The influence of subgrade category is evident, with higher PCR values observed as the subgrade
modulus increases. However, this effect diminishes as the thickness of the base and subbase layers increases, as shown
in Fig. 3 and 4. Overall, the PCR values obtained from the subgrade damage model are notably higher than those
estimated using the asphalt damage model. In the figures, PCR values exceeding 1500 are capped and displayed as
1500.
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Fig. 3. PCR using the asphalt damage model for subgrade categories A - C, and asphalt stiffness levels of 3000 MPa (left) and 6000 MPa (right).
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Fig. 4. PCR using the subgrade damage model for subgrade categories A - C, and asphalt stiffness of 3000 MPa (left) and 6000 MPa (right).
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The models are also employed to evaluate the PCR values of the selected airport runway and taxiway sections. Fig.
5 shows the PCR AC and PCR SG values; it is evident that the PCR SG for all the sections is significantly higher than
the PCR AC. The PCR AC produced varying results for different sections, this depends on the aircraft traffic mix and
bearing capacity of the sections. Sections with very low aircraft traffic mix produced a higher PCR AC value as section
3,6, 7 or 8 in Fig. 5.
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Fig. 5. PCR using the asphalt (left) and subgrade (right) damage models for the analyzed runway and taxiway sections.
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Fig. 6. Cross-sections of the analyzed sections (left) and the calculated PCN values (right).

Fig. 6 presents the cross-sections of the pavement sections and the PCN values calculated using the old system in
Sweden. In this case, the PCN is determined as twice the DSWL at a tire pressure of 1.25 MPa, expressed in units of
1,000 kg. The DSWL represents the load that results in an asphalt damage ratio of 1.0 for 10,000 load passes (Carlsson,
2004). In this case, the PCN is independent of the actual aircraft traffic mix. Therefore, the PCN values reflect only
the bearing capacity of the pavement sections. To address this issue, the PCN value is sometimes calculated using
20 000, 30 000 or 40 000 load passes for runway or taxiway sections that experience a high volume of mixed aircraft
traffic (Carlsson, 2000). The corresponding PCN value for 40,000 load passes, which is significantly lower than the
PCN 10 000, is shown by the black line bar in Fig. 6 (right) for runway sections 1 and 2. Sections with thicker and
stiffer asphalt concrete layers, such as runways 1, 2, and 4, yield higher PCN values. In contrast, runways 3, 6, 7, and
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8, which have relatively thinner asphalt layers, result in lower PCN values. The PCR AC values, on the other hand,
are sensitive to both the aircraft traffic mix and the bearing capacity (Armeni and Loizos, 2025). This explains the
relatively low PCR AC values observed for runways and taxiways 1, 2, and 5, which are subjected to moderate to very
high levels of aircraft traffic. In contrast, the PCR SG, based on the subgrade damage model, fails to distinguish
between the different runway and taxiway sections. The different colors in the PCR and PCN plots represent sections
from different airports. In Fig. 5, PCR values exceeding 1500 are capped and displayed as 1500.

4. Conclusions

This study evaluated both asphalt and subgrade damage criteria for assessing the Pavement Classification Rating
(PCR) in the new ACR-PCR system, which is designed to classify airport pavement bearing capacity. Unlike ACN-
PCN methods, the ACR-PCR system incorporates actual aircraft traffic and pavement structural data, enabling more
realistic modeling of individual aircraft-pavement interactions. The concept of the Cumulative Damage Factor (CDF)
is central to the calculation of ACR-PCR values. Three damage models were assessed: Kingham’s asphalt damage
model, and the Shell and ICAO subgrade damage models. While subgrade models such as ICAO have proven effective
under most conditions, the study found that for pavements with very thick base and/or subbase layers, typically
constructed to resist frost damage in cold climates like those in Nordic countries, the subgrade damage models tend
to produce unrealistically high PCR values. To address this, the study explored the use of an asphalt fatigue damage
model for calculating CDFs required in PCR computations. Data from four airports, covering eight runway and
taxiway sections, are analyzed. The results showed that the asphalt damage model yields more reasonable PCR values
and effectively differentiates between pavement sections with varying structural designs and aircraft traffic mixes.
Furthermore, a comparison between PCR and PCN values, using the asphalt damage model, revealed that PCR is
sensitive to both aircraft traffic mix and pavement bearing capacity, whereas PCN primarily reflects bearing capacity,
particularly the thickness and stiffness of the asphalt layer.
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