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Literature Review

• FAA developed a new computer-based procedure for

airport pavement thickness design, called FAARFIELD,

to replace LEDFAA 1.3.

• The new computer program became the FAA standard

with the release of Advisory Circular (AC) 150/5320-6E

in Sept 30, 2009.



The expression of the subgrade performance model in FAARFIELD v1.3

(2010), which is a bilinear model is shown in Equation (2) for coverage

< 12,100 and Equation (3) for Coverage > 12,100:

Subgrade Failure Model (FAARFIELD v1.3)



Literature Review

• FAA issued AC 150/5320-6F, Airport Pavement Design 

and Evaluation in November 10, 2016.

• In May 2017, FAA developed a new set of subgrade 

failure models for flexible pavement in FAARFIELD 

v1.41. 

• FAARFIELD v1.41 was subsequently updated to version 

1.42 in September 2017. 



The subgrade failure models used in FAARFIELDv1.42 (2017) to find 

the number of coverages to failure for a given vertical strain at the top 

of the subgrade are summarized below. The Bleasdale model as 

shown in Eq (3) and (4) was selected as showing the best fit for 

coverage > 1000. 

Subgrade Failure Model (FAARFIELD v1.42)



FAARFIELD v2.0 (7 June 2021)

(Ref: Jeffrey Gagnon, David Brill & Garg, ASCE T&DI FAARFIELD Workshop, 11 May 2021)



• In 2001, Wardle et al (2001) published a calibration factors for APSDS 4.0

against S77-1 designs. This calibration is referred to as the Chicago

calibration.

• Layered elastic models are used to compute values of chosen damage

indicators, most commonly subgrade strain, which are then related to

pavement life (strain repetitions). The strains are converted to damage

using a performance relationship of the form:

where, N is the predicted strain repetitions to cause failure, k is a material constant determined by 

calibration, b is the damage exponent for the material determined by calibration and ε (epsilon) is 

the static load-induced strain.

(1)

APSDS 5.0



• The performance parameters from the Chicago calibration is shown in 
Table 1.

• In APSDS,  the performance parameters k and b are unique for each of 
the subgrade CBR condition. 



APSDS 5.0

The introduction of 
new generation 

aircraft such as the 
Boeing 777-300ER 

and the Airbus A380 
with 6-wheels 3-axles 

configuration, a 
recalibration of the 

APSDS 5.0 was 
carried out in 2010 

and it was referred to 
as Melbourne 

calibration (Wardle & 
Rodway, 2010).

(1)

B777-300ER 

A380-800



(Wardle, 2019) 12 January 2015



(Wardle, 2019) 12 January 2015



(Wardle, 2019) 12 January 2015



(1)

• The performance parameters k and b for Melbourne calibration are shown in 
Table 2. 

• The major differences between the Chicago and Melbourne calibration are the 
new set of subgrade performance parameters for the different wheel 
configuration under the different subgrade CBR strength condition. 



Objective

• In view of the new subgrade failure models in the

FAARFIELD v1.42, it is necessary to compare the

design thicknesses to examine if the thicknesses are

compatible with that generated by APSDS 5.0.

• To meet the objective, Boeing 737-800 (Code C) and

B777-300ER (Code E) with 100,000 aircraft movements

were analyzed at various subgrade CBR using the two

software.



Previous Study (2016)



Results from Previous Study

• The pavement thickness computed by FAARFIELD v1.32 and APSDS for 
subgrade CBR values of 8% and 12% are shown in Table 8.

• The results from the previous study show that at CBR value of 8%, the design 
thickness calculated by FAARFIELD is significantly higher than that produced 
by APSDS. The design thicknesses are essential the same at subgrade CBR 
value of 12% with a marginal difference of 10 mm.  Whereas the thickness 
difference for CBR8% is 30%.   

“30% difference” “1.5% difference”
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The design thicknesses produced by the two airport pavement design 

programs are plotted in Figure 3. The graphs show that FAARFIELDv1.32

produces design thicknesses that are significantly thicker than designs 

generated by APSDS for subgrade CBR value of less than 10%.  

CBR<10%



Research Outcomes (Previous Study) 

The design thicknesses produced by FAARFIELD v1.32 are 

correlated with the thicknesses generated by APSDS 5.0 using the 

following polynomial equation:   

where, tFAARFIELD is the design thickness produced by FAARFIELD, 

tAPSDS is the design thickness produced by APSDS.

kc is the adjustment factor which is a function of the subgrade CBR. 



Aircraft Spectrum & Pavement Models (Current Study)

Minimum layer thickness from FAA Advisory Circular AC150/5320-6G released on 7 June 2021. 

The aircraft spectrum and pavement models used are as follows: 



With Aircraft Wonder - Standard Deviation = 773 mm, 

The Cumulative Damage Factor (CDF) generated by APSDS is shown in 

Figure 1. APSDS models single wheel group loadings on one side of an 

aircraft. The  CDF is computed as a function of lateral position across one-half 

of the aircraft. 



A graph of CDF generated by FAARFIELD is shown in Figure 2. 

FAARFIELD calculates the CDF as a function of lateral position across 

the pavement on both sides of an aircraft. The pavement is presumed 

to have reached its design life when the cumulative damage (CDF) at 

any point reaches 1.0.



• The thickness difference obtained from APSDS and FAARFIELD v1.42 is 
less than 5% (about 25 to 50mm). 

• The difference is significantly less as the CBR value increases.

Design Thickness (B737-800) 



Design Thickness (B737-800) 

For CBR15%, the thicknesses generated by the two software are essential
the same.



B737-800



Design Thickness (B777-300ER) 

• The thickness differences are observed to be significance for CBR ≤ 5% when modelled 

with B777-300ER having 6 wheels configuration. 

• The P-154 Uncrushed Aggregate layer is 375 mm (or 17%) thicker in the FAARFIELD 

model than that of APSDS at subgrade CBR 3%. 



Design Thickness (B777-300ER)

• About 70 mm (or 13%) thickness difference is observed for subgrade CBR 

of 15%.



B777-300ER
CBR 5%

CBR 5%



Gear Configurations APSDS 

Subgrade Performance Models

B777-300ER

(6 wheels)

CBR k b

3 0.00254 12.4

6 0.00297 12.5

10 0.00300 13.1

15 0.00280 15.1

Coverage FAARFIELD v1.42 & v2.0 

Subgrade Failure Models

> 1000 

a = -0.1638, b = 185.19, 1/c = 0.60586 

< 1000 k = 0.00414131; b = 8.01



Discussion

B737-800 (2 wheels configuration)

• For the B737-800 aircrafts and 100,000 movements analyzed in

the study, the new subgrade failure models developed for

FAARFIED v1.42 generate the flexible pavement thicknesses that

are not significantly difference from that of APSDS 5.0 for the

range of subgrade CBR values used in the study.

• The differences in the design thickness are observed to be

marginal (<5%).

• The study indicates that the new subgrade failure model in

FAARFIELD generates design thicknesses that is consistent with

APSDS for the B737-800 aircraft with 2 wheels configuration.



Discussion (continued)

B777-300ER (6 wheels configuration)

• On the other hand, for B777-300ER aircraft (6 wheels

configuration), FAARFIELD v1.42 produces design thicknesses

that are significantly thicker than designs produced by APSDS for

subgrade CBR value of less than 5%.

• The P-154 Uncrushed Aggregate layer is 375 mm thicker in the

FAARFIELD model than that of APSDS at CBR of 3%. The

thickness difference is calculated to be more than 15%.

• The results show that the thickness differences are observed to be

less for CBR ≥ 5%.

• The differences in the design thickness are attributed to the

different performance parameters adopted in the subgrade failure

models in the design software.



Conclusion & Recommendation

• Overall, it is observed that the new subgrade failure model in

FAARFIELD v1.42 produces flexible design thicknesses that differ

less from APSDS 5.0 than the older version of FAARFIELD v1.32.

The design thicknesses are more consistent for B737-800 aircraft

with 2 wheels configuration.

• However, the differences are observed to be larger for CBR ≤ 5%

for B777-300ER with 6 wheels configuration on the main landing

gear. The differences in the design thickness are attributed to the

different coefficients adopted in the subgrade failure models in the

design software.

• It is recommended that a similar comparison be carried using a

wide spectrum of aircrafts with the latest version of FAARFIELD

v2.0 in next stage of the study. This will include the 4 wheels

configuration on the main landing gear such as the A350-900 and

B787-9 aircrafts.
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