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Introduction

The ACN/PCN system of rating airport pavements is designated by the International Civil
Aviation Organization (ICAO) as the only approved method for reporting strength. Although
there is a great amount of material published on how an ACN is computed, ICAO has not yet
specified regulatory guidance as to how an airport authority is to arrive at a PCN, but has left it
up to that agency as to how to perform this task. This is not a result of member states reluctance
to agree on an international standardized method of pavement evaluation, but rather an
affirmation that they should rely on their own internally developed procedures. Acceptance of
the ACN/PCN method itself resulted only from the omission of a uniform evaluation standard in
that many states felt that their method was superior, and a change to another method would be
costly in terms of study, research, development, field training, staff familiarity, and all other
attendant concerns.

As a consequence, it has been discovered through our work and correspondence with airport
authorities, engineering consultants, and airlines that there is a great amount of uncertainty
among many states that do not have well-established evaluation methodology as to exactly how
to arrive at a PCN and still be within the boundaries of whatever ICAO guidelines might exist.
Most organizations attempt to follow regulatory guidelines in their operations, but without a
specific guidance procedure this uncertainty has developed. Additionally, without published
ICAO standard recommendations on this subject, the determination of PCN has most certainly
been anywhere from inconsistent to erroneous. This paper presents methods to calculate PCN
using the FAA method as described in FAA Advisory Circular 150/5335-5B.

The purpose of an airfield pavement is to provide a surface on which aircraft takeoffs, landings,
and other operations may be safely conducted. The purpose of a pavement rating is to allow for
adequate pavement utilization at a reasonable cost, with the optimization of pavement economics
that vary with local operational conditions. For example, a heavily used runway should have
greater strength and a correspondingly greater rating than a lightly used runway, even though
they both may have been designed to be served by the same aircraft. Although the PCN does not
indicate anything about actual traffic and pavement characteristics, these components are
necessary in order to determine the allowable gross weight for a critical airplane, which is then
turned into a rating called PCN.

In the most fundamental terms, the determination of a rating in terms of PCN is a process of
deciding on the maximum allowable gross weight of a selected critical airplane for a pavement,
and knowing its ACN at that weight, reporting it as PCN. This process can be as simple as
knowing the operational gross weight of each aircraft that is currently using the pavement and
looking up its ACN (referred to as the Using aircraft method). This method can be applied with
limited knowledge of the existing traffic and pavement characteristics. The second method is
more complex and is referred to as Technical evaluation. In order to be successfully
implemented, Technical evaluation requires a more intimate knowledge of the pavement and its
traffic, as well as a basic understanding of engineering methods that are utilized in pavement
design. In either of these cases, accuracy is improved with greater knowledge of the pavement
and traffic characteristics.

There are no precise pavement strength requirements for a given airplane or fleet of airplanes,
even though the various design systems in use today can be very accurate in their computational
abilities. Pavement structural capability is best determined through a combination of on-site
inspection, load-bearing tests, and engineering judgment. Each of these are of importance, and it
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is for this reason that pavement ratings should not be viewed in precise terms, but rather as
nominal estimations of a representative value. The end result of a valid rating process is that an
assignment of PCN is enabled which considers the effects of all significant traffic on the
pavement.

The strength rating of airport pavements is commonly thought of in terms of conventional
structural concepts in which limiting loads are determined based on ultimate strength or failure
criteria. However, pavements do not generally experience a loss in serviceability from
instantaneous structural failure, but rather from an increase in roughness or gradual deterioration
resulting from the accumulated effects of traffic. Structural failure is most often recognized in
terms of common pavement distresses such as rutting, cracking, and noticeably intolerable
roughness that both pilots and passengers experience. Analysis of the adequacy of a pavement
for the intended service, therefore, requires that a pavement rating be assigned that not only
considers the significance of load magnitude, but the effects of the traffic volume over the
intended life of the pavement.

The PCN rating process is not related to the pavement design process. Pavement design cannot
be determined from a PCN rating in that the PCN is a rating of pavement strength in terms of
ACN. The PCN does not indicate anything about traffic volume, design loads, or pavement
thickness, which are major components in pavement design. Flexible pavement ACN is no more
than the weight of a standard single wheel at a standard tire pressure that has the same thickness
requirements as the airplane in question at an arbitrary 10,000 coverages. Rigid pavement ACN
is likewise the weight of a standard single wheel load that has the same thickness requirements as
the airplane in question at an arbitrary 399 psi (2.75 Mpa) concrete working stress. (The values
of 10,000 coverages and 399 psi working stress were chosen in the ACN/PCN development
process as representative values of typical airfield pavements). The ACN is therefore a relative
number based on chosen pavement design parameters, and the PCN is the ACN of the critical
airplane at its allowable gross weight. It is for these reasons that conversions of other rating
methods to PCN, such as LCN, cannot be developed.

The steps outlined in this document can be used by a pavement engineer to determine the rating
of a runway pavement in terms of PCN. These steps can also be utilized for taxiways, but
evaluation of parking aprons is somewhat more difficult due to the lack of detailed traffic pattern
information. Both rigid (concrete) and flexible (asphalt) runway types are included, along with a
discussion of composite pavements. Additionally, methods that go beyond the simplified
methods presented in Annex 14 are given that will allow the assignment of a PCN in overload
conditions where the pavement is not strong enough to handle current or future traffic.

The ACN/PCN method is based on design procedures that evaluate one aircraft against the
pavement structure. In other words, calculations necessary to determine the PCN are performed
for one aircraft at a time. In pavement design, the FAA has used the equivalent annual departure
concept to consolidate entire traffic mixtures into equivalent annual departures of one
representative aircraft. This concept is carried over into the PCN procedure in which equivalent
annual departures for a given aircraft from a traffic mixture are based on the cumulative damage
factor (CDF).
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The Cumulative Damage Factor (CDF)

The CDF method is based on the principle of Miner’s Rule, which states that the damage
induced in a structure or pavement is proportional to the number of load applications divided by
the number of load applications required to fail the pavement. In the PCN analysis the CDF of
each aircraft is simply its 20-year coverages divided by the number of failure coverages. The
failure models are the CBR method for flexible pavements and Westergaard edge case method
for rigid pavements.

A single aircraft is not initially designated as critical in this method, but each one in the traffic
mix is considered critical and evaluated using the equivalent coverages of all the remaining
traffic. Equivalent coverages are computed by ratioing the coverages to failure of each individual
critical aircraft to all the other aircraft in the mix and then multiplying by that aircraft’s 20-year
coverages. The total summation determines the equivalent coverages and is different for each
aircraft in the mix.

For each aircraft’s total equivalent coverages a pavement design thickness can be calculated
using the COMFAA software. If the resulting required design thickness for all aircraft in the mix
is less than the actual pavement thickness, then the pavement can handle all the traffic, and the
resulting PCN should be greater than the highest ACN values. Conversely, if the actual pavement
thickness is less than that required by the COMFAA design thickness computation, then the PCN
would be lower than some of the ACN values, thereby possibly restricting some operations.

The PCN values for each aircraft in the mix are automatically calculated by the COMFAA
program. The PCN is merely the aircraft ACN at its maximum allowable weight. The maximum
allowable weight is based on the total equivalent coverages of each aircraft and the actual
pavement thickness, and it is an indication of the true bearing strength of the pavement.

This document provides a number of PCN calculation examples that will cover a variety of
situations. Although these examples are comprehensive, the engineer will soon experience a
pavement that is not covered. It is therefore prudent that the solutions arrived at must make sense
for the problem at hand, with the realization that judgment obtained over years of experience is a
necessary part of the solution.

The examples presented herein are all taken from existing airport data.

First Things First

The very first thing to do when calculating a PCN for a runway, a runway segment, or any other
pavement is to create a new folder on your computer for that project. This includes copying the
COMFAA and support spreadsheet files to this new folder. Always run COMFAA from this
folder for that particular job. By doing so, you will be able to keep each project’s input and
output files separate. For a given airport create an airport traffic file (.ext) using COMFAA in the
same folder.
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Example 1 - Rigid Pavement

Description

This airport consists of two runways — one is a rigid pavement and the second is a flexible
pavement. Both are of typical design and construction for the traffic encountered. Runway 15/33,
analyzed in Example 1A, is well designed and the derived PCN is adequate. Example 1B shows
the effect of altering the Modulus of Rupture and its affect the PCN. Example 1C shows the
effect of reducing slab thickness.

The flexible runway, 11/29, is analyzed in Example 2, is marginally acceptable and may require
an overlay.

Annual Traffic

The airport authority has reported the average annual traffic, as seen in Table 1. Runway 15/33
has 60% of the traffic and Runway 11/29 has the remainder. Note that the Maximum Taxi
Weight (MTW) of each aircraft is shown rather than actual operating weights; however, weights
at less than MTW may be used at the option of the engineer.

There are at least two reasons for using maximum weights:

1. The COMFAA program lists each aircraft at MTW, and the construction of the traffic file
for that program is less tedious when MTW is used.
2. The use of MTW rather than actual weights is more conservative.

Table 1 - Examples 1 and 2 Traffic

Departures
Average Rigid Flexible

Gear MTW Annual Runway 15/33 | Runway 11/29

Aircraft Type (Ib) Departures 60% 40%
B747-400ER 2D/2D2 913,000 3,800 2,280 1,520
B747-8 2D/2D2 978,000 300 180 120
B787-8 2D 503,500 6,800 4,080 2,720
B717 D 122,000 6,100 3,660 2,440
B727-200 D 185,200 200 120 80
B737 (300/400/500) D 150,500 22,000 13,200 8,800
B737 (700/800) D 174,700 26,000 15,600 10,400
B757-200 2D 256,000 41,000 24,600 16,400
B767-300ER 2D 413,000 7,800 4,680 3,120
B777-300ER 3D 777,000 3,300 1,980 1,320
MD-11ER 2D/D1 633,000 1,200 720 480
MD-83 D 161,000 700 420 280
A319 D 150,800 12,000 7,200 4,800
A320 D 172,800 19,000 11,400 7,600
A321 D 181,200 5,500 3,300 2,200
A300/310 2D 365,700 2,100 1,260 840
A340-200 2D 515,600 800 480 320
A380-800 2D/3D2 1,234,500 500 300 200
Totals 177,100 106,260 70,840
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Construct the traffic file in COMFAA as follows:

1. Open COMFAA.

2. If an external traffic file (.ext) has not yet been created, then
a. Click the Open Aircraft Window box.
b. Add aircraft from the Aircraft Group. Note the Position to Insert Aircraft radial buttons.
c. Remove aircraft by clicking the No. and then the Remove (Cut) the Selected Aircraft box.
d. Save the List as a New External File with an appropriate name such as “Example 1A

Rigid Pavement Runway 15/33”.

3. If an external file exists, either:
a. Click Load Ext File from the main COMFAA screen, or
b. Click Open Aircraft Window and_ Open an External File

4. Using the Departures columns in Table 1, there should be separate files for each runway with
the designated traffic numbers. Use one file for the rigid pavement analysis and the other for
the flexible pavement analysis.

5. Save the traffic files with descriptive names.

Example 1A - Rigid Pavement Runway 15/33

Pavement Characteristics

Runway properties relevant to the analysis are shown in Table 2 for runway 15/33. This table
contains FAA 5010 ratings, and the goal is to replace them with PCN’s. There are many reasons
for doing this, but the main one is that the FAA 5010 rating system does not allow for the
determination of allowable gross weights such as the B777, MD-11 and A380 aircraft.
Furthermore, neither runway is strong enough to accommodate the B747-8 aircraft at MTW, as
indicated by the DDT ratings. Finally, there is no gross weight credit given to the 2D widebody
aircraft such as the B767, B787 and A330. Each of these has superior landing gear characteristics
as compared to the FAA standard DT gear, which should allow them to operate at a higher gross
weight than as indicated by the DT rating. The PCN rating will fully determine the capability of
these aircraft.

Table 2 - Example 1A Pavement Properties

Construction date: 2011

PCC depth 17 | in. P-501
Base 6 | in. P-306
PCC Modulus Elasticity 4,000,000 | psi

Modulus of Rupture 700 | psi

Subgrade k 193 | pci

Effective k-value* 310 | pci Code B
Design life 20 | years

FAA 5010 rating D200 DT400 | DDT800

* See discussion following on equivalent k calculation

For rigid pavement, the effective subgrade k-value can be improved if there are any superior base
materials below the slab. This could include many types of stabilized layers such as P-401, P304,
P-209, and also non-stabilized layers such as P-154. COMFAA works with only one layer of
pavement on the subgrade, so these stabilizing layers must be converted to effective subgrade
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strength, and this will be entered into COMFAA as the subgrade k-value. From the Standard
support sheet under the Rigid Pavement k-value worksheet, Figure 1, enter the P-501 thickness,
the P-306 thickness and the subgrade strength subgrade modulus, k. The P-501 slab flexural
strength is also entered here, but it has no effect on the calculation of the effective k-value. The
spreadsheet formulas will calculate an effective k-value of 310 pci, which is the value to enter
into the COMFAA “k” location.

D“" (= =~ 5 12-6Draftcomfaa_supportVariableRreferencexls [Compatibility Mode] - Micros.. - = X
e Home Insert Page Layout Formulas Data Review View Get Started Acrobat @ -
| D1 - S | Existing Rigid Pavement Layers ¥
k) Ell u] E F |G H J B
1 Reference Guidance AC 15015335-5B Ezisting Layer :
2 Appendiz A-2 Rigid Existing Rigid Lager Thickness,
3 PavementStructure ltems Pavement Lawers | Thickness in_ Improveds k-value
. ENTER P-401|[ =
4 Figure AZ-7 Dverlas(s) |5 0.0{ in. ] 17.0
5 ENTER P-501 d 17.0| in.
ENTER FP-501Flez || . Foundation k-value
& Strengthl(|| ~ 700| psi = Mazimum
ENTER P-401 - Improved k-value
7 Figure AZ-§_ howewr, FAA andlor P-403% (B2 0.0] in. Below
reco ds mari combined = 1
2 |thickness of 12 inches for these layers ENTER P-306 |- 6.0] in. [] 310 [
to be consistent with the figure. - .
] ENTER P-304 |~ 0.0] in.
Upper Graph in Figure AZ-5, Use -
10 | mazimum 14 inches for consistency. ENTER P-209 ([~ 0.0] in. } oo Ho Improvement
ENTER P-208 ﬂ
1 Lower Graph in Figure A2-5, FAR andlor P-211 = 0.0] in.
reco ds marxi combined ﬂ
12 |thickness of 1 inches For these layers | ENTER P30 [~ 0.0 in. oo Ho Improvement Format
to be consistent with the figure. - Chart
1 ENTER P-154 |- 0.0] in.
5 ENTER Subgrade k |=— 193 £0 Sl
Exigting Pavamsnt Equivalent Pawamant
17 |[COMEAA Evaluation Criteria
12 5
. i P-501 Thax P-501 Tax
1a |Effective k-value = 310 Ibfin*3 Enter Project Detail strangtn = wtrangtn =
. ] . x — 0 4 700 pal 700 pal
20 |Evaluation Thickness t= 17.0 in. AT 15?!5335 BE Rigid F"al.lelhment Eﬂlample 1 -
_ - Effective subgrade k-value iz 310 pi, =lab =
21 [Evaluation Strenqgth = 700 psi. thickness iz 17 inches, conerete moduluz of %15 1
bl rupture iz 00 pi. Funway has a parallel 3 sta
; ; . o ] ) pllizad k=
22 |Recommended PCN Codes: RIBNVY taziveay, and fue! |s.obta|!1@d buefore departure, Ez\'u P-308 =0
The pavement life iz estimated to be 20 years || =
T Subgrade k= Subgrade k=
& 133 133
24 50 ]
25
26 Save Data Airport LOC-ID Pavement IO 7
27 |conransapmert 11202 ra Example 18 15133 - -
4 4 » M| “User - Layer Equivalency | k Value .~ Data Parse - Flexible Chart " Rigid Chart " el (I[uu] o0
Ready '|ﬂ|ﬁ| | 753 (=) 0 ()

Figure 1 - Example 1A Effective k-value

PCN Calculation of Runway 15/33

Ensure that the “PCA Thick” box is not checked in COMFAA.. Although rigid ACN’s are
calculated using a variation of the PCA program, PCN’s are determined by using an adaptation
of the FAA edge loading method as found in AC 150/5320-6C/D.

After entering the traffic and pavement characteristics into COMFAA (as shown in Figure 2) and
clicking the “PCN Rigid Batch” button, select the Details button when the calculation steps have
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finished. Alternatively, open the file "PCN Results Rigid-date-time.txt”. This file is generated by
selecting the “Save PCN Output to a text file” box in Details before the PCN calculation.

X =67.9in

:] COMFAA 3.0, June 14, 2010 - ...gs\pr621a\My Documents\irportsiStandard Example\Example 1\Example 1.Ext

¥ =-69.2in

SEIES

| Aircraft Group

Generic

Airbus

Boeing

McDonnell Douglas
Other Commercial
General Aviation

Militar

| Library Aircraft
B747-8

B787-8

B717-200 HGW
B727-200 Basic
B737-300/400/500
B737-700/800
B757-200
B767-300 ER
B777-300 ER
MD11ER

MD83

£319-100 opt
A320 Twin opt
A321-100 std
A300-B4 S5TD
A340-200 opt
A380-800 Body

Main Gear Footprint

Slab Thickness

A3BD-800 Wing Gross Weight [Ibs]

% GW on Main Gears

No. Main Gears

Wheels on Main Gear

Tire Pressure [psi]

Edit Wheels
Add | Bemove ‘
Select | Move ‘

Library Functions

Load Ext Save Ext
File File
Add Remove
Aircraft Aircraft

Open Aircraft Window |

Alpha Used

Pass/Traffic Cycle [F/TC)

Annual Departures

Flex 20w Covs, P/C = 1.

[ Critical Aircraft

Rig 20w Covs, P/C = 3.66

| Rigid Cutoff [limes 1rs)

Rigid Computation Finished | Concrete Flex. St [psi]

Mg Miscellaneous Functions
| Details |  Exit
Effective k
Help | About ‘
DOptions 1 g7 Alphas
[~ Batch [ PCA Thick
[~ Metric [  PCA MGW
913,000 Computational Mode
93.60 - —
4 PCN Flexibl CN Rigid MORE 335
;30 o Batch Batch
0.000 \ \.
1.00 SG CBR | Flext in AUM Flex k %bs/in"3 Rigt. in | ACN Rig
2.280
83| 24,929
12,465
3.00 0.00 310.0
700.0 | Evaluation Thickness = |1?_[l[l |Stless =

Figure 2 - Example 1A COMFAA Input Screen

Initially the pavement and traffic characteristics are displayed as output, such as in Figure 3,
along with the recommended subgrade category.

[@] ICAQ ACH Computation, Detailed Output

Show
Ext File

Unit
Conversions

Show
Alpha

Single Aircraft ACH
" Flexible = Rigid

Other Calculation Modes
# PCH (" ACN Batch ¢ Thickness

[~ Sawe PCM Output to a Text File

" Life

 MGW Back

This file name =
Library file name =
1li - PBigidwExample 1.Ext
Tnits = English

PCH Results Rigid &6-15-Z01z2

Evaluation pavement type is rigid

k Walue

flexural strength

Evaluation pawvement thickness

Pass to Traffic Cycle (PooTC) Ratio

Maximum number of wheels per gear
Maximum mumber of gears per aircraftc

10:;45;19 txt

C:hwDocuments and SettingsiprozZla\My Documents'\How to calculate a PCHNAZStandard ExamplebExample

Ecuiwvalent cowerages computed with the AC 150/5320-6C/D edge stress design method.
Maximum gross weight computed with the AC LEO0/EZE0-6C/D edge stress desiogn method.

TO0.0 psi
17.00 in
l.00

&
4

210.0 lbs/fin™2 (Bubgrade Category is B{E9E))

Figure 3 - Example 1A Initial Rigid

Pavement Output Details
7
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Next the input traffic data is shown as Figure 4 (Table 1 in the Detailed Output). Note the value
of the -6D thicknesses, which are those calculated individually for each model according to the
methods in AC 150/5320-6D. These numbers have no relation to the PCN calculation and are
only shown for comparison to the evaluation thickness. However, it is expected that each of
these values will be less than the evaluation thickness for a properly designed pavement.

[] ICAQ ACN Computation, Detailed Output

: Single Aircraft ACH Other Calculation Modes
Unlt_ Show Shl:ll_\‘ 3 o : 3 Back
Conversions | Alpha Ext File " Flexible (' Rigid « PCN (" ACN Batch (" Thickness (" Life " MGW £ac
[~ Sawe PCH Output to a Text File
s
RBesults Takle 1. Input Traffic Data
Gross Percent Tire Anrmal Z0-vr &l

MNo. Ajrecraft Name Weight Gross Tt Press Leps Cowerages | Thick

1 E747-400ER 913,000 93 60 z30.0 2,280 1z ,465 13.80

Z EB747-%8 972,000 324,83 zlz.0 lz0 1,017 1z.78

3 B7E7-8 Loz, 500 91 E8 zz8.0 4,080 21,268 14.53

4 EB71l7-z00 HEW 1zZz,000 324,42 led. 0 2,680 Z0,e01 11.78

L BT7ET-E00 Basic 1L, z00 S&_ 00 1430 120 826 11.594

&  B737-20074007500 1E0, 500 33 .82 12E.0 12,zZ00 74,240 14.0&

7 B73T-700/200 174, 700 93 L& z05.0 15,600 87,703 1532

& EB7E7-zOO0 ZEe, 000 31.12 12z2.0 24,00 123,812 11.&7

9  B7&7-300 ER 413, 000 92_40 z00.0 4, 580 2L, 623 13.10

10 E777-300 ER 777,000 32EZ.44 ZEL.0 1,320 10,11E 12.02

11 MD11ER 633, 000 77 L4 z06.0 70 3,91z 1z.79

1z MDEZ lel,000 324.7e 13E.0 4z0 Z,4E8 1Z.40

13 A319-100 opt 150,800 9140 200.1 7,200 36,771 1l3.08

14 AZZ0 Twin opt 17z,800 2Z.80 zoz. o 11,400 &1l,448 14.70

15 A321-100 std 12l,z00 S5 &0 197.3 3,300 19,011 14.14

leé AZ00-B4 ETD BEE,700 34,00 zle. 1l 1,z2e0 &,.911 1z.03

17  A340-Z00 opt LE1&,600 7938 191.4 430 4,830 11.&8

12 AZ20-200 Body 1,234,500 E7.08 zlz.0 200 1,41z 11.z0

19 AZ80-300 Wirng 1,234 500 32.05 zla.0 300 1,570 1z 23

Figure 4 - Example 1A Results Table 1 Input Traffic Data

There are several purposes for the Results Table 2 shown in Figure 5. The primary function is to
show the PCN of each aircraft as calculated by the CDF method. “Critical Aircraft Total
Equivalent Coverages” shows the required coverages for failure as if it were the critical aircraft.
These values are calculated by assuming that the aircraft in question is critical and folding in
equivalent coverages of all the other aircraft according to AC 150/5335-5B CDF methodology
described earlier. A complete explanation of this process is given in Appendix 1 of -5B.

“Thickness for Total Equivalent Coverages” shows the required thickness based on the previous
column equivalent coverages and the aircraft gross weight. These thicknesses are calculated
using AC 150/5320-6D edge stress rules. A relatively uniform range of calculated thicknesses,
with values being a little less than the evaluation thickness of 17 inches, shows that this
pavement is well designed for this traffic.

The “Maximum Allowable Gross Weight” for each aircraft shows the allowable gross weight
based on the total equivalent coverages for that aircraft at the design thickness of 17 inches. This
value is also calculated using -6D rules.
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[] ICAO ACN Computation, Detailed Output

5 Single Aircraft ACH Other Calculation Modes
Unit Show Show : . : 3 Back
Conversions |  Alpha Ext File " Flexible (+ Rigid t+ PCN " ACHN Batch (" Thickness " Life  MGW Zaci
[~ Save PCN Output to a Text File
~
Besults Takle Z. PCH Walues
Critical Thickness Mazimum ACHN Thick at
Aircraft Total for Total Allowabhle FCH on Max. Allowable

Nao. Aircraft Name Equiw. Cows. Equiv. Cows. Gross Weight Bi(z35) CDF Gross Weight

1 E747-400ER / 193,219 \ ( 16 22 h ( 981,48'?\ 773 O.0ZE5 15_Z4

2 B747-8 10,889 1&.19 1,081,668 83.8 0.0041 15.81

2 B7ev-2 127,998 1&.20 L4432, 268 9.7 0,024 1E.4%

4 B717-Z00 HGW =5, 000,000 1&._35 131,189 39.8 0.ooog 11.21

L BT7ET-Z00 Basic 234,421 1e.24 Z20E,172 L2.e g.oolo 1lz2.40

& B737-300/400/500 1,197,207 1a_ 28 1&3,5900 493 0.0zE7 1z._37

7OBTET=700s200 249,820 1&. 23 131,423 E7.7 0.1442 13,21

g8 B7L7-Z00 =5, 000,000 16 4z 269,860 396 0.0003 11.17

S EBET7&7-300 ER 1,381,665 1&. 23 ddd 187 £ 0.007e 3

10 E77?7-300 ER 477, 1EE 1&_ 25 838,196 97.1 0.o0%8

11 MD1lER Z27,101 le. 22 £33,714 . 0.0071 N

1z MDaz 316,515 1&_24 175,480 L& 8 0.00zg 13_E1

13 AZ13-100 opt E,300,368 le.31 13,587 dd. g 0. 0068 11l.584

14 A3Z0 Twin opt 374,14E 1&_24 lag,080 54,4 O.0&75 lz_95

15 AZZ1-100 std Z03,7E80 le. 22 137,888 £l 0.03354 13.48

14 AZ00-B4 STD 1,445 570 1&_ 29 391,686 3.2 O.0oz0 l3._&88

17 AZ40-Z00 opt 3,613,310 le. 32 Egl, 00Z Ed.1 0.0008 lz. 92

12 A380-300 Body 1,804 677 1&._30 1,333,041 TELE 0.0003 15.14

13 AZE0-200 Wing 313,513 le. 24 1,336,233 734 0.00z) l4.588

- RN J X Todal COF -

Figure 5 - Example 1A Results Table 2 PCN Values

The next set of columns shows ACN’s for each aircraft based on the values in the Maximum
Allowable Gross Weight column, and they are relabeled PCN. Select the highest PCN from the
PCN column of Figure 5, which is 97 RBWT for the 777-300ER in this example.

The column labeled “ACN Thick....” shows the required thickness for the standard subgrade
category modulus (Rigid Code B, k=295 pci) at the maximum allowed gross weight for each
individual aircraft. Although somewhat redundant, the greatest thickness corresponds with the
highest PCN in the traffic mix.

With the Total CDF is being less than 1.000, indication is provided that the pavement can not
only accommodate the evaluation traffic, but that it could handle more traffic until the total CDF
limit of 1.000 is reached.

Although lower CDF values mean that these aircraft have lower impact on the pavement, the
highest CDF does not necessarily determine the highest PCN. The lower CDF just indicates the
relative importance of the aircraft to the PCN calculation.

Finally, there are two aircraft that show >5,000,000 “Critical Aircraft Total Equivalent
Coverages” in the second column, meaning that these aircraft have very large equivalent
coverage levels and correspondingly very low CDF contributions.

Results Table 4 from the Detailed Output, as seen in Figure 6, contains the comma separated data
necessary to graphically show the PCN. Its main purpose is to enable graphical illustrations of
the output data. Simply highlight the entire table, including the headings, and copy it to cell B5
in the Data Parse worksheet of the support spreadsheet (partially shown in Figure 7). The project
title in cell B4, which will appear on the graphs, may also be changed at this time.
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[] ICAD ACN Computation, Detailed Output
Single Aircraft ACH Other Calculation Modes
+ Flexible ¢ Rigid # PCM ( ACN Batch ( Thickness ¢ Life © MGW Back

Results Table 4. Summary Output for Copy and Paste Into the Support Spread Sheet

Unit
Conversions

Show
Alpha

Show
Ext File

Humw, Plane, Gilin, ACNin, ADout , 6Dt COVZOyy , COVEoF  CDFt, GWodf, PCNcdf, EVALE , SUBcode  KorCER, PtoTC, FlexOrRig
1,BE747-400ER,513000.000,65.8,2220,132.80,1.24647E+004, 4. FO0ZZE+00E,16.22,981427.463,77.2,17.0,B,310.00,1. 00,1
z,B747-2,978000.000,75.5,180,12.78,1. 0168384003, 2_50287E+005,16.19, 1051668, 355, 83.8,17.0,6B,310.00,1.00, 1
3,B787-5,505500.000,71.5,4080,14.53,7. 12677E+004, 3. 35656E+005,16.20,545365. 383,79.7,17.0,E,310.00,1_00,R
4,B7L7-Z00 HCGW,1ZZ000.000, 26 5, 32660,11. 78, 2. 06007E+004, 2. £9Z3ZE+007 1625, 1231122.6859,35.8,17.0,B,3210.00, 1. 00,1
5,B727-200 Basic,l85Z00.000,52_7,120,11.94, 8. 26050E+002, 5. 13533E+005,16.24,202173_462,58.6,17_0,E,310.00,1.00,E
6,B737-300/400/500, 150500 000,44 _5,13200,14.05,7. 48395E+004,2. 9123284006, 16. 28,163900.002,49.3,17.0,E,310.00,1.00, R
7,B727-700/200,174700.000, 51.7,15600,15. 32,8, 77032E+004, 6. 077234E+008 1623, 131432 227, 57.7,17.0,B,310.00,1. 00,1
8,B757-200, 256000000, 36.7,24600,11.67,1.23813E4008, 4. 56782E+00%8,16. 42, 269859_714,39.6,17.0,E,310.00,1.00,E
2,B767-300 ER,413000.000,57.4,45580,13.10,2.56229E4+004,53_36103E+006,16. 29, 444186, 733,653.7,17.0,E,310_.00,1.00, R
10,B777-200 ER, 777000.000,2E5.7,1920,12.09, 1. 0L145E+004,1_ 0Zc92E+006 16 25, 8238196.214,597.1,17.0,B,210.00, 1. 00,1
11,MD11ER, £33000.000,69.6,720,12.79,%_91211E+003, 5. 52445E+005,16. 22 ,68371%.754,77.5,17.0,B,310.00,1.00, 1

1z ,MD23,161000. 000,51 3, 420,12 40,2 45566E+003, 7. 623252E+005,16. 24 175480 441 ,86.8,17_0,E,310.00,1.00, 1
13,4%19-100 opt,lE0800.000,40.7,7200,13.08,3. 6770784004, 5. 59585E+006,16.51,163557_190,44.8,17_0,B,210.00,1.00,E
14,4320 Twin opt,l72800.000,49_2,11400,14.70,6.14484E+004,9 10134E+005, 1624, 188080, 361 ,54.4,17.0,E,310.00,1.00, 1
15,4321-100 std,181200.000,53.2,3300,14_14,1_30115E+004,4_3564ZE+005,16_2Z,127888_482,59.1,17.0,E,310.00,1_00, R
16,A%00-B4 STD,365700.000,57.%,1260,12.03,6.91119E4003, 3. 52621E4006,16.29,391686.310,63.2,17.0,E8,310.00,1.00, 1
17,A4240-200 opt,5l5600.000,48.5,4580,11.28,4_89028E+003,5. 78971E+006,16. 32, 561001 _655,54.1,17.0,E,310.00,1.00, 8
15,4380-8300 Body, 1Z234800.000,67_6,300,11_20,1.41181E+003,4. 33004E4006,16.30,1333041_335,76.2,17.0,6,310.00,1. 00, R
19,A380-800 Wing,1234500.000,65.8,300,12.23,1. 57043E4003,7. 62651E4005,16. 24,1336239.376,73.4,17.0,E8,310.00,1.00, 1

Figure 6 - Example 1A Results Table 4 Summary Output Data

Y | - 12-6Draftcomfaa_supportvariableRreferencexls [Compatibility Mode] - Microsoft Excel - = X

Insert Page Layout Formulas Data Review View Get Started Acrobat 'Q_J) - 3 X

| AS - I | Copy Entire Contents of Summary Table (comma separated data) into Cell B5--—>
A B c D E F G H | J K L M
4 | Type project in Cell B4---= Rigid Case 1 -~ | |
Copy Entire Contents of \~ Project title
Summary Table (comma -
separated data) into Cell \‘Msimmary data
5 B5---=| Mum ane GUm_ |ACHNin| ADout | 6Dt | COV20yr | COVtoF |CDFt| GWedf |PCMNcdf|EVALL
6 Create Create 10 B777-300 ER 777.000[ 85.7] 1.980)13.1|1.01E+04| 1.03E+06| 16.3] §38.196 97.1] 17.0
7 Flexible Rigid 2 B747-8 978,000f 755 180|12.8| 1.02E+03| 2.50E+05| 16.2| 1,051,668 83.8| 17.0
8 Pavement | | Pavement B787-8 503,500 71.5] 4.080)14.5/213E+04| 3.36E+05| 16.2] 543.365 79.7] 17.0
9 Charts Charts " MD11ER 633,000 69.6] T20|12.8|3.91E+03|5.52E+05| 16.2] 683,714 775 17.0
10 1 B747-400ER 913.000 69.8) 2.280|13.8| 1.25E+04|4.7TOE+05| 16.2] 981487 773 17.0
1 18 A3530-300 Body 1,234,500] 67.6] 300)11.2[1.41E+03|4.39E+06| 16.3|1.333.041 76.2] 17.0
12 19 A350-500 Wing 1,234,500] 658 300)12.2|1.57E+03|7.63E+05| 16.2|1.336.239 734 170 &
[ L User - Layer Equivalency k Value | Data Parse - Flexible Chart Rigid Chart Form 5010 %1 [ I | 0
Ready Count:17 ||E8 O DI|ya00%60(=) [1) ()

Figure 7 - Example 1A Data Parse Entry into Support Spreadsheet

Clicking the “Create Rigid Pavement Charts” box will generate one table and two graphs in the
“Rigid Charts” worksheet. The table is identical to Figure 7, except that only the six most
demanding aircraft in the traffic mix are repeated, and it is repeated graphically in the two charts.

Referring back to Figure 7, both the 6Dt (column G) and CDFt (column J) thickness
requirements are seen in comparison to the evaluation thickness (column M). Comparison of the
last two shows the expectation of pavement strength for the traffic mix. CDF thicknesses that are
less than evaluation thicknesses indicate that the PCN will be sufficient for the aircraft.
Conversely, CDF thicknesses that are greater than evaluation thicknesses are a sign that the
pavement that will not be suitable for the traffic, at least for the period of time desired.
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D)
—/ Home Insert Page Layout Farmulas Data Review  View Get Started Acrobat Design Layout Format @ - =7 X
| Chart 1 [ A
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10 —— =
- Rigid Case 1 |Six Most Demanding Aircraft in Traffic Mix
12 MR =700 psi 1,800
13 ] F
14 18in. 7 r =
15 ] P 1600 2
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17 r 1,400 2
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w 3 .
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21 = _ F 1,000 =
22 g 10n. E =
23 E . 800 &
24 = n ® b
25 o ) P 600 o
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Ci & i fa00 £
oF 4in. <
29 . £ 200
30 2in
g; Din — E o
— Body 400ER MD11ER B787-8 B747-8
34 1. 60 thickness at traffic mix GW 11.2 13.8 12.8 14.5 12.8 .
35 = 2. CDF thickness at max. GW 16.3 16.2 16.2 16.2 16.2 .
36 - -
3. Evaluation thickness from
gg equivalent pavement 17.0 17.0 17.0 17.0 17.0 17.0
39 © 4 MaxAllowable Arcraft GWrom| 4 333041 | 981,487 | 683,714 | 543,365 | 1.051,668 | 838,196
3[1] —&— 5. Aircraft GW from traffic mix 1,234.500 | 913,000 633,000 503,500 978,000 777,000
A0
H 4k M User - Layer Equivalency - k Value . Data Parse Flexible Chart | Rigid Chart . Form 5010 %1 <[]
Ready EEE RN e === (s

Figure 8 - Example 1A Thickness and Maximum Gross Weight

The “Maximum Allowable Aircraft Gross Weight from CDF” (line 4) is a precursor of the PCN
calculation in that the PCN of each aircraft is simply the ACN at this weight. In this example
these weights are greater than the input weights (line 5), indicating that each will have a PCN
that exceeds its ACN.

The “Maximum Allowable Aircraft Gross Weight from CDF” in Figure 9 shows the graphic
comparison of ACN and PCN for the six most demanding aircraft of the traffic mix. In addition,
an important indication of the PCN validity for the pavement is seen by the annual departures
line 3. If the highest PCN has very low departures, then the next lower PCN may be a better
number. This is left to the engineer to decide.

11
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Figure 9 — Example 1A ACN and PCN Comparison
Table 3 presents a comparison of allowable gross weights according to the FAA method and the

PCN method (calculated using PCN 97.1 RB). Note that a number of models could not be rated

with the FAA method, but are readily available by using the PCN results.
Table 3 - Example 1A Allowable Gross Weights

Aircraft MTW D200 DT400 | DDT800 | PCN 97 RB
(1000 Ib) | (10001b) | (10001b) | (1000 Ib) (1000 Ib)

B777-300ER 777 -- -- -- 839
B747-8 978 -- -- 800 1,165
B787-8 504 -- 400 -- 625
B727-200 186 200 -- -- 312
MD-11 633 -- -- -- 802
B747-400ER 913 -- -- 800 1.155
A380 Body 1,234 -- -- -- 1,563

12
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Example 1B - Reducing the Modulus of Rupture

Pavement Characteristics

Runway properties relevant to the analysis are shown in Table 4 for runway 15/33, but the
Modulus of Rupture is reduced from 700 to 650 psi. The purpose of this example is to show the
sensitivity of PCN to one of the pavement parameters.

Table 4 - Example 1B Pavement Properties

Construction date: 2011

PCC depth 17 | in. P-501
Base 6 |in. P-306
PCC Modulus Elasticity 4,000,000 | psi

Modulus of Rupture 650 | psi

Subgrade k 193 | pci

Effective k 310 | pci Code B
Design life 20 | years

FAA 5010 rating D200 DT400 | DDT800

With the same traffic as in Example 1A, Figure 10 shows that the PCN is reduced from 97 RB to
84 RB, while the critical aircraft ACN remains at 86 RB. There are two other indications that the
pavement is overloaded. The first is that the thickness for total equivalent coverages exceeds the
design thickness of 17.0 inches. The second is that the total CDF is greater than 1.00.

Examination of the graphic results of Figure 11 shows the relation between ACN and PCN for
the six most demanding aircraft. If the Mg was at 665 psi rather than 650, the runway could be
rated at PCN 87 RBWT, which would be greater than the highest ACN (not shown here).

PCN is obviously very sensitive to Mg, and it is seen that accurate measurement of pavement
parameters is very important.

13
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Show
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Show
Ext File

Single Aircraft ACH Other Calculation Modes
" Flexible f+ Higid f« PCH " ACHBatch ¢ Thickness  Life ¢ MGW

[~ Save PCH Output to a Text File

Y
Lesults Table Z. PCH Values b
Critical Thickness Maximuam ACN Thick at
Aircraft Total for Total Allowable FCH on Max. Allowable
No. Aircraft Name Ecqaiv. Cows. Ecuiw. Cows. Gross Weight B(zZ35) CLF Gross Weight
1 E747-400EER 1e4 002 17.1& 299,721 584 00833 14 33
F B747-8 BE, PR3 17.1% 983, 881 74.0 o.013s 14 93
3 EB7E7-8 123,379 17.1& 495, 955 0.0 0.z038 14 _EE&
4  B7T17-Z00 HGT =5, 000,000 17.13 1z0,20E5 25,3 000z 10,63
5 EB7Z7-E00 Basic 43, 71E 17.1% 1z, 060 £1.7 0.o00zs 1z .64
& B737-3007400/E00 1,235,713 17.14 142 0EE 437 0.071e 11.70
7 B737-700/800 Z78,009 17.15 171,656 E0.7 0.3730 1z 53
8 EBTET-Z00 =5, 000,000 17.1Z 252,228 a6.1 0.00l14 10.71
9 B7&7-300 ER 1l,1z2,01% 17.14 407, 681 L. 4 0.0ze9 12,16 B
10 B777-300 ER 356,167 17.15 765,724 0.0336 15.80
11 MR11ER 190,966 17.1& 623,651 £5.1 O.0z4Z 14 37
lz MDEZ 23z ,886 17.1% 1E5a,z29E E0.Z 00087 1z .48
12 AZ15-100 opt 2,228,280 17.14 148,541 40.0 0.019k5 11.23
14  AZEQ Twin opt =2, 507 17.1% 163,968 483 0.1835& 1z 25
15 AZRE1-100 std 216,030 17.1& 175,086 Ez.1 0.1040 1z .63
16 AZ00-E4 S5TD 1,10z, 685 17.14 361,164 5.3 0.0074 13.16
17 AZ40-Z00 opt 3,177,439 17.14 EO07, 424 475 0.o00ls 1z.1&
18 AZE0-300 Body 1,467,468 17.14 1,215,544 g5 1 0.o0ll 1417
19 AZE0-200 Wing E77,447 17.15% 1,718, 318 4.5 a5 14.01
— Total CDF = |1.1825
Figure 10 - Example 1B Results Table 2 PCN Values
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Figure 11 - Example 1B ACN and PCN Comparison
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Example 1C - Reducing the Thickness

Pavement Characteristics

In this case the Modulus of Rupture is retained at 700 psi, but the thickness is reduced to
16 inches. Refer to Table 4 for the characteristics.

It is readily apparent from Figure 12 that the reduction in thickness of one inch has about the
same effect as the reduction in the Modulus of Rupture from 700 to 650 psi in the previous
example. Not only is the pavement overloaded as indicated by the inadequate PCN, but the total
CDF being greater than one supports this conclusion.

These examples show the importance of verifying that the pavement parameters are correct.
Similar variations may be seen for rigid pavement when other properties such as effective
subgrade modulus are considered; however, errors in the traffic count are not nearly as
pronounced. Although it might be acceptable to the airport authority to allow these operations, it
will lead to reduced life or require increased maintenance.

,3 [ ¥ - -0 |5 COMFAA Support-2-29-12.xls [Compatibility Mode] - Micr... Chart Tools - B X
]
—/ Home Insert  Page Layout  Formulas Data Review View  GetStarted  Acrobat Dresign Layout Format @ - & X
| Chart 2 - £ | ¥
A B c D E F J K L I M 0 B Q R B
jg Rigid Pavement Example 1C
47 MR = 700 psi _ 4500
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49 o PCN= 90 ] -+ 4.000
50 o B 1 N
51 T ] I
B L PCN= 80 F 3.500
53 = ] s 2
© PCN= 70 r3.000 s
54 I L =
55 3 PCN= 60 g S
£6 = B 1250 2
= - —
57 & PCN= 50 : 3
= @ T2 E
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o L
62 s T 1.000
63 = PCN= 20 r
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66 i 1
67 PCH= 0 7 -0
63 MD11ER B787-8 B747-8
?g 1. Aircraft ACN at traffic mix GW 69.6 . 71.5 73.5 .
71 2. Calculated PCN at CDF max. GW 65.2 67.2 . 69.2 731 . l
72 —&— 3. Annual Departures from traffic mix 300 720 ! 4.080 180 1,980 Chart A
73 |
4 4+ M| layer Equivalency 'k Value . Form 5010 - Data Parse -~ Flexible Chart | Rigid Chart ‘?:;l
Ready ]| 100% (— +_g

Figure 12 - Example 1C Results Table 2 PCN Values
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Example 2 - Flexible Pavement

Annual Traffic
The average annual traffic is contained in Table 1 for this runway.

Example 2A - Flexible Pavement Runway 11/29

Pavement Characteristics

Runway properties relevant to the analysis are shown in Table 5 for runway 11/29. This table
contains FAA 5010 ratings, and the goal is to replace them with PCN’s. This runway is classified
as flexible, so there are a number of procedures required that are different from rigid pavement
runways. While analysis of rigid pavement allowed modification of the subgrade modulus, in
flexible pavement the evaluation thickness is altered.

Table 5 - Example 2A Pavement Properties

Overlay date: 1999

Construction date: 1983

Surface thickness 6 | in. P-401
Base 10 | in. P-209
Subbase 15 | in. P-154
Evaluation thickness 33 | in.

CBR 9 Code B
Remaining life 8 | years

FAA 5010 rating D180 DT300 | DDT650

Evaluation Thickness

The thickness of the flexible pavement section under consideration must be referenced to a
standard flexible pavement section for evaluation purposes. If the pavement has excess or
improved materials, the total pavement thickness may be adjusted according to the methods
expressed in AC 150/5320-6D. Whereas in rigid pavement the subgrade modulus was adjusted,
flexible pavement analysis requires that the reference thickness conform to rules developed from
FAA and Corps of Engineers field testing.

The standard section is the total thickness requirement as calculated by the support spreadsheet,
assuming minimum layer thickness for the asphalt surface, minimum base layer thickness of
material and a variable thickness subbase layer. Two reference pavement sections are used
according to the criteria of Table 6.

Table 6 - FAA Flexible Pavement Reference Layer Thickness

Less than Four Four or More Wheels
Structural Layer Wheels on any Main Gear
on Main Gear
Asphaltic Concrete (P-401) 3 5
High Quality Granular Base (P-209) 6 8

When no aircraft in the traffic mix have four or more wheels on a main gear, the minimum
asphalt surface course thickness requirement is 3 inches and the minimum high quality crushed
aggregate base course thickness requirement is 6 inches. When one or more aircraft in the traffic
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mix have four or more wheels on a main gear, the minimum asphalt surface course thickness
requirement is 5 inches and the minimum high quality crushed aggregate base course thickness
requirement is 8 inches. Reference thicknesses can be changed in cells B30 and B31 of the
support spreadsheet (discussed later).

When there is not sufficient material to obtain the surface course thickness of 3 or 5 inches
and/or the standard crushed aggregate base course thickness of 6 or 8 inches, the subbase
thickness is reduced by using a slightly more conservative inverse of the layer equivalency factor
for surface course material. In this situation, refer to the instructions in AC 150/5335-5B,

Table A2-1.

Recommended equivalency factors for adjusting the thickness are shown in Table 7. Ranges of
equivalency factors are shown rather than single values since variations in the quality of
materials, construction techniques, and control can influence the equivalency factor.

Table 7 - FAA Flexible Pavement Equivalency Factors

Structural Range Recommended Range Recommended
T Description Convert Convert to Convert to Convert to
to P-209 P-209 P-154 P-154

Portland Cement

P01 concrete (PCC) B B B B
Plant Mix Bituminous

P-401 Pavements (HMA) 1.2t01.6 1.6 1.7t02.3 2.3
Plant Mix Bituminous

P-403 Pavements (HMA) 1.2t01.6 1.6 1.7t02.3 2.3
Econocrete Subbase

P-306 Course (ESC) 1.2t01.6 1.2 1.6t02.3 1.6
Cement Treated Base

P-304 Course (CTB) 1.2t01.6 1.2 1.6t02.3 1.6
Shell

— Base Course - - - -
Sand-Clay

_— Base Course - - - -
Caliche

_— Base Course - - - -

pogg | Crushed Aggregate 1.0 1.0 121016 1.4
Base Course

p-o0g | A9gregate 1.0 1.0 101015 1.2
Base Course

pp1 | LimeRock 1.0 1.0 10t015 1.2
Base Course
Soil-Cement

P-301 Base Course n/a -- 10to 15 1.2

P-154 Subbase Course n/a -- 1.0 1.0

P-501 Portland Cement Range Convert to P-401 2.2 to 2.5, Recommended 2.5
Concrete (PCC) g ' " '

In the selection of equivalency factors, consideration should be given to the traffic using the
pavement, total pavement thickness, and the thickness of the individual layer. For example, a
thin layer in a pavement structure subjected to heavy loads spread over large areas will result in
an equivalency factor near the low end of the range. Conversely, light loads on thick layers will
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call for equivalency factors near the upper end of the ranges. Notwithstanding, the recommended
values are sufficient for most applications. Note that Items P-212, P-213, and P-220 have no
equivalency factors listed, as they do not appear in the FAA equivalency spreadsheet.

The support spreadsheet of Figure 13 details the process of calculating the evaluation thickness.

The P-401 layer in cell G6 of the excess is converted to P-209. Likewise, the excess amount of

P-209 in cell G9 is converted to P-154.

.'/ °-3\‘| = R s 12-6Draftcomfaa_supportVariableRreference - 1.xIs [Compatibility Mode] - Microsoft Excel - = X
it
- Home Insert Page Layout Formulas Data Review View Get Started Acrobat @ - =7 X
| A12 - fe| p-154
A B D E G H J K L 1] N o] P i
r
na e ENTER P-401
[ P-401 and/or P-403 o 1.6 ™ 2.3|andlor P-403 6.0] in 1.6 1.6 0.0 0.0 8.0 1.0 2.3
13 - 16 -
" B
T P-306|115 ™ 1.4 o 1.8/|[ENTER P-SOE-E 0.0] in 0.0 1.6 0.0 0.0 8.0 0.0 0.0
13 - 15 -
3 17
g P-304|115 > 1.4 o 1.8/|[ENTER P-WE 0.0] in 0.0 1.6 0.0 0.0 8.0 0.0 0.0
12 -
13
9 P-209 1.0 o 1.4||[ENTER P-Z‘J’S‘E 10.0|in || 10.0 8.0 3.6 5.0 8.0 2.0 2.8
&
11 ENTER P-208
10 P-208 andior P-211 1.0/ 112 ¥ 1.0||and/or P-211 0.0)in|| 0.0 80 | 0.0 0.0 0.0 00 | 00
-~
E
11 P-301 nia 12 = 1.0||ENTER P-301 00|in| nla | nia | 0.0 0.0 nia 00 | 00
12 P-154] n'a 1.0||[ENTER P-15-IE 15.0] in n'a nla 15.0 15.0 n'a 15.0 150 | Forma
Chart
13 T
3.0 2000 <tmazP-154t3> 2091 [ ———
14 |Equivalent Thickness, in. e aClCER ad Y
15 P-401 andlor P-403 5.0 Equiv total 331 0-
“P-164 conwerted to P-401if P-401< min
16 P-209 8.0 andbor converted to P-209 if P-209<min
17 P-154 20.1 Total 30 i
18 Total 331 Project Details | o i
. . [Flexible Pavement Example 24, = :
19 :COMFAA Evaluation Criteria Subgrade CBR is 9, base course E 15
20 |[Evaluation thicknesst= 33.1in thickness is 10 inches, and subbaze 2 2
21 |Evaluation CBR = 9.0 thickness iz 15 inches. Fuel iz obtained E
F befere departure. Runway has a T 351
Recommended PCN Codes: F/B/W or parallel taxiway. The pavement life is z
22 |Recommended PCN Codes: F/IBIX estimated to be 20 years. 2
. Subgrade
Save Airport LOC- a5 J CBR 9.0 Subgrade
23 D D Pavement ID CERS.0
26 TE 11729 -
25 Reference Section Requirements
30 P-401, inches 5
&l P-209, inches 8
M4 4 » M| How To(3) “User | Layer Equivalency . k Value -~ Data Parse Flexible Chart Rigid Chart Forrm | [R8u|
m = [}~ -
Ready ||| 80% (=) ] Kl

Figure 13 - Example 2A Pavement Layer Equivalency
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Here is how the evaluation thickness is calculated with a standard layer thickness for four or
more wheels:

P-154
k Evaluation Thickness

15.0”
5.0"+8.0” +2.8” + 2.2” +15.0” = 33.0” /

f P-401 6.0” - 5.0” = 1.0” excess material \
1.0"x 1.6 = 1.6” to be added to P-209
P-209 10.0” -8.0” = 2.0” excess material
20" x1.4 = 2.8”to be added to P-154
1.6”x1.4 = 2.2” to be added to P-154

Note that the thickness calculated in the support spreadsheet is slightly greater than as calculated
manually. This is due to the total calculation being based on “subgrade up” rather than the more
conventional “surface down” conversion as in cells L14 and O14. The FAA does not reference
this method in the pavement design advisory circulars, but since it is in the FAA-supplied
spreadsheet, it should be followed if it is significantly different. In this case, the 0.1 inch
difference will be ignored for the PCN calculation.

PCN Calculation of Runway 11/29

After entering the traffic of Table 1 and the pavement characteristics of Table 5 into COMFAA
(as shown in Figure 14), click the Details button when the calculation steps have finished.

Initially the pavement and traffic characteristics are displayed as output, such as in Figure 15,
along with the recommended subgrade category.

Next, the input traffic data is shown as Figure 16 (Table 1 in the Details). Note the value of the
6D thicknesses, which are those calculated individually for each model according to the methods
in AC 150/5320-6D. These numbers have no relation to the PCN calculation and are only shown
for comparison to the evaluation thickness. However, it is expected that each of these values will
be less than the evaluation thickness for a properly designed pavement.
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7®) COMFAA 3.0, August 26, 2011 - ... calculate a PCM\Standard Example\Example 2A - Flexible\Example 2A.Ext EEX]
X=797in ¥ =-69.3in Edit Wheels
[ Aircraft Group B747-400ER
- . i Add B
Generic Main Gear Footprint = ‘ Hemove |
Airbus
Boeing
McDonnell Douglas Select ‘ Move |
Other Commercial
General Aviation Library Functions
Militar: Load E 5 E
External Librar u?:“e u ‘ aFiTe x |
[ Library Aircraft
B747-A00ER Add Remove
B747-8 Aircraft Aircraft
B787-8
B717-200 HEW i i ‘
B2y oS00 Bonte Open Aircraft Window
B737-300/400/500 . .
B737-700/200 Mizcellaneous Functions
B757-200 E it
B767-300 ER 5 i
B777-300 ER
MD11ER
MD83 Help ‘ About |
A3F19-100 opt
A320 Twin opt Options
A321-100 std
AJOD-B4 5TD [~ Batch [ PCA Thick
A340-200 opt .
A290.800 g"qd}, [~ Metic [ PCA MGW
A380-800 Wing Gross Weight [lbs) 913,000 Computational Mode
% G on Main Gears 93.60
Mo. Main Gears 1 PCN Flexible PCHN Rigid MORE >3>
Wheels on Main Gear 4 Batch Batch
Tire Pressure [psi] 230.0
Alpha Used 0.000
Pass/Traffic Cycle (P/TC) [1.00 SG CBR  Flex Lt in |ACH Flex k. Ibs/in"3 Rigt. in ACHN Rig
Annual Departures 1.520
— 2 Flex 20w Covs. P/C = 1.83|16.620
| Ciitical Aircraft Rig 20yt Covs, P/C = 3.66|8.310
| Rigid Cutoff [times rs) 5.00 9.00 0.0
Flexible Computation Finished | Concrete Flex. St [psi] | 650.0 | Evaluation Thickness = [33.00 [Stress =

Figure 14 - Example 2A COMFAA Input Screen

[] ICAO ACN Computation, Detailed Output

. Single Aircraft ACM Other Caleulation Modes
Unit Show Show : o 3 5 Back
BT Alpha Ext File + Flexible ¢ Rigid (#* PCN { ACH Batch ¢ Thickness { Life L
This file name = PCN Results Flexible Z2-15-F01Z 1Z;48;Z0.txt #

Library file nawe = C:\Documents and SettingsiprézZlai\ly Documents'How to calculate a PCHNStandard
Exampleh Example £ - Flexibleh Example ZA.Ext

Evaluation pavement type is flexible and design procedure is CEER
Alpha Walues are those approwed by the ICAD in 2007,

CER S.00 (Subgrade Category is B)
Evaluation pawvement thickness 33.00 in
Pass to Traffic Cycle (PooTC) Ratio = 1.00

Maximum mumber of wheels per gear = &
Maximum number of gears per aircraft = 4
At least one aircraft has 4 or more wheels per gear. The Fild recommends a reference section assuming
E inches of HMA and & inches of crushed aggregate for equiwvalent thickness caleulations. Z

Figure 15 - Example 2A Initial Flexible Pavement Output Details
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[ﬂ] ICAQ ACH Computation, Detailed Output

. Single Aircraft ACH Other Calculation Modes
Unit Show Show N . B i
Conversions Alpha Ext File + Flexible  Rigid # PCHN " ACM Batch ( Thickness ( Life (]
[ Save PCN Output to a Text File
N
Baesults Table 1. Input Traffic Data
Gross Parcent Tire Anraal Z0-vr &I
No. Aircraft Name Weight Gross Wt Press=s Deps= Coverages Thick
()
1 E747-400ER 213,000 923_60 z30.0 1,E5EZ0 le, 620 20_E3
z E747-2 78,000 32463 zls.0 1z0 1,356 G674
I B7aT-8 Loz, Lo0 a9l.z8 zza.0 z,ED 28,387 31.68
4  EBT717-z00 HGIT 12,000 94 47 led._ 0 Z,.440 12,7324 z1.51
5 BT7EZ7-2Z00 Basic 185,200 Se&_00 148._0 20 EE1 1277
& BT7I7-300/400,500 150,500 9382 185.0 8,800 49,8323 z25._48
7 BTI?-700/800 174,700 93 E& EZO0E.0 10,400 Lg, 469 2748
2 EBY7LY-z00 Zbe, 000 91_1%8 183.0 1e, 400 leb, 054 24 _0Z
2 EB7&7-300 ER 413,000 32E_40 zoo.n0 3,120 34,164 g8k
10 E777-300 ER 7,000 9E_ 44 zzl.0 1,3E0 20, EE9 3z 16
11 MD11ER 33,000 7754 z0e._0 420 L,Z2le Z9.1le
1z MDE3 lel 000 94_76 1350 a0 1,837 Z1_ 44
13 AZ12-100 opt 150,800 91.40 Z00.1 4,800 24,514 za.08
14 AZEZD Twin opt 17z 800 2E_80 zog.9 7,600 40, 386 ZE.1E
15 AZZ1-100 std 181,200 A3&5_&0 1373 Z,.200 12,674 ZE_43
16 AZ00-E4 STD FE5,700  24_00 2le.1 840 2,218 ol ]
17 AZ40-Z00 opt E1E5,c00 74298 191.4 320 2,260 2426
12 AZE20-200 Body 1,288, 8580 L7702 zlg.0 200 Z,828 Z7.e?
1% AZE0-300 TWing 1,234, 500 33.05 zls.0 200 \ Z.0%4 ) Eg. &2

Figure 16 - Example 2A Results Table 1 Input Traffic Data

The 777-300ER has the highest PCN of 70.5 FB, which is shown in the table of Figure 17.
Further examination of this table reveals that the pavement is overloaded by several criteria. The
first indication is in the fourth column labeled “Thickness for Total Equivalent Coverages” in
which virtually all aircraft require more than the equivalent thickness of 33.0 inches. However,
with thicknesses being near the evaluation thickness of 33.0 inches, this pavement could also be
considered marginally capable for the traffic.

The second indication is in the last column that shows a total CDF greater than 1.0000 at 1.1845.
Although the program has calculated a range of PCN values, with the total CDF above 1.00,
further engineering work needs to be done. Solutions are discussed at the end of this example.

Table 3 of the COMFAA detailed output contains the comma separated data necessary to
graphically show the PCN. Its main purpose is to provide data for graphical illustrations of the
output. As was done for previous examples, highlight the entire table, including the title line, and
paste into cell B5 in the Data Parse worksheet of the support spreadsheet. These tables not shown
here since the process is the same as that already delineated.
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[] ICAO ACHN Computation, Detailed Output

Uni Single Aircraft ACM Other Calculation Modes
nit Show Show 3 o A .
CEnrerEms Alpha Ext File + Flexible (" Rigid # PCN ¢ ACNBatch ¢ Thickness ( Life " MGW
[~ Sawe PCH Dutput to a Text File
~
Besults Table Z. PCH Values
Critical Thickness Maximum ACHN Thick at
Aircraft Total for Total Allowable IPCH on Max. ALllowable
No. Ajrecraft Mame Equiwv. Cows. Ecuiv. Cows. Gross Weight Bil0O) CLF Gross WMeight
1 E747-400ER 136, 778 3323 Q05,3297 BZ_& 0.143% z7.03
Z EBE747-8 4z, 162 33.E6 87,868 G686 0.0328l E8.31
3 E787-8 85,275 33.EE 458,917 65,3 0.35339 E7.E0
4 B717-Z00 HGEW =5, 000,000 3303 121,806 2.4 o.oooo 19 46
5 B7Z7-Z00 Basic 2,414 647 3317 183,620 477 o000z z3.61
& EBE737-32007400/500 =E5,000,000 3z2.10 lag 773 39.0 0.0o00z £1.324
7 EBE737-7007800 =E5,000,000 33.158 173,44z 4d. 3 0.00gs Ez.87
& E757-zZ00 =E5,000,000 F9.68 F93,6E5 40.0 0.0dao F1.60
2  B7&87-300 ER z,545, 085 3313 410,987 0.015% z5.00
10 EB??7-300 ER 51,013 3317 TRl 74E 04837 z8.68
11 MD11ER 53,454 33.EE GE6, 980 BE6. 9 0.0g30 E7.958
1z MD&z =E5,000,000 33.14 153,869 45. 5 0.000z £3.08
13 A319-100 opt =5, 000,000 3306 150,344 353 o.oooo z0.30
14 A3Z0 Twin opt =5, 000,000 3313 171,735 47 & o.o0o1s ZZ_E28
18 AZEL1-100 =std 4,337,400 33.1le 173,737 46,2 0.0034 E3.EE
le AZ00-B4 ETD =E5,000,000 33011 364,092 El.z 0.00&1 Zd. 44
17 AZ40-Z00 opt =E5,000,000 33.06 £l4,300 49,3 0.0000 Zd. 14
18 A3IZB0-200 Body QzL, 679 3309 1,254,437 3.1 00036 z27.14
1% A3IB0-200 Wing 185,024 3319 1,224,699 BE.9 00124 z7.09
Total CDF =

Figure 17 - Example 2A Results Table 2 PCN Values

Both the -6D and CDF thickness requirements are seen in comparison to the evaluation thickness
in Figure 18. Comparison of these values shows the expectation of pavement thickness for the
traffic mix. A CDF that is greater than the evaluation thickness indicates that the pavement will
not be sufficient, at least for the period of time desired. Conversely, CDF values that are less than
the evaluation thickness are a sign that the pavement that will be suitable for the traffic.

The “Maximum Allowable Aircraft Gross Weight from CDF” in Figure 18 is the same as the
fifth column in Figure 17, and it is a precursor of the PCN calculation in that the PCN is simply
the ACN at that weight. It is determined by assuming that that aircraft is critical and calculating
the effect of the others in the traffic mix by use of the CDF procedure. In this example the
allowable weights are slightly less than the “Aircraft GW from Traffic Mix” (from Figure 20),
indicating that each will have an ACN that exceeds its respective PCN.
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Figure 18 - Example 2A Thickness and Maximum Weight Requirements

Graphic comparisons of ACN and PCN are seen in Figure 19 for the six most demanding aircraft
of the traffic mix. Although the indicated PCN of 71 FBWT is slightly less than the ACN, it may
be close enough for the airport authority to be acceptable.

It is very important to realize that the PCN calculation is based on a combination of factors,
including pavement thickness, equivalency factors, CBR, and traffic projections. Each will affect
the final number in various degrees, so the PCN should be looked at as an estimation of the
pavement strength and not as a precisely derived value. This allows judgment of the airport
engineer to be the final determination as to the acceptability of the pavement for the traffic.
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Figure 19 - Example 2A ACN and PCN Comparison

Table 8 presents a comparison of allowable gross weights according to the FAA method and the
PCN method. As was the case in Rigid Pavement Example 1A, a number of models could not be
rated with the FAA method, but the strength rating is readily available by using the PCN results.

Table 8 - Example 2A Allowable Gross Weights

Aircraft MTW D180 DT300 | DDT650 | PCN 71 FB
(1000 1b) | (10001b) | (10001b) | (1000 Ib) (1000 Ib)
B777-300ER 777 -- -- -- 172
B747-8 978 -- -- 650 992
B787-8 504 -- 300 -- 530
B727-200 186 180 -- -- 249
MD-11 633 -- -- -- 655
B747-400ER 913 -- -- 650 991
A380 1,234 -- -- -- 1,353
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Example 2B - Adding an Overlay

If it is determined that the pavement strength is not sufficient, then an overlay is may be in order.
Pavement characteristics are not shown here, but simply increase the P-401 thickness of Table 5

with a 2 inch overlay to an 8 inch total surface thickness. The total pavement thickness, shown in
Figure 20, increases over 4 inches from 33.1 to 37.7 due to the effect of the conversion factors.

Figure 21 shows that the PCN greatly exceeds the ACN required for the increased thickness;
however, use of these results requires careful consideration. Notice the large number of aircraft
with equivalent coverages that are >5,000,000 and have corresponding CDF values at 0.0000.
This means that the contribution of these aircraft to the reduction in pavement life is very
minimal at this thickness. The total CDF is less than 0.01, giving strong indication that the
pavement is over designed for the traffic mix, and this is also a sign that this pavement rating of
PCN 104 is too high. With the very small total CDF, the pavement is not stressed enough to yield
a valid rating.
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Figure 20 - Example 2B Evaluation Thickness Change
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Another indication of overdesign is that the thicknesses for equivalent coverages are widely
dispersed, as opposed to that in Figure 17 where the there is little scatter. When this level of
dispersion occurs, and with the minimal CDF level it is best to make adjustments such as
reducing the analysis thickness. Accordingly, for a design thickness of 34.0 inches like in
Figure 22, the equivalent coverage thickness is much more uniform, especially for aircraft that
are not at >5,000,000 equivalent coverages. The CDF in this case reflects that the pavement is
approaching the desired value of 1.0.

Finally, the PCN in this case is at 74 FB, which is adequate for the traffic, as seen graphically in
Figure 23.

It is not suggested that the additional thickness of less than 2 inches can be placed, but that the
airport authority now has the ability to set a PCN within a range from 74 to that approaching
104. This covers future situations in which the traffic volume might increase, and the airport
authority will still have confidence in the pavement strength, regardless of the volume increase in
a critical aircraft.

By placing the overlay, the pavement is considered to have a new 20-year life; however, it is
always wise to review calculations sooner in that current prevailing conditions might change.

: ICAO ACH Computation, Detailed Output

. Single Aircraft ACH Otker Calculation Modes
Uit Show Show N . A )
Conversions Alpha Ext File * Flexible " Rigid i« PCN  ACH Batch ( Thickness  Life © MGW
[~ Sawve PCH Output to a Text File
e
Besults Table Z. PCH Values o ) ) t = 37.7 inches
Critical Thickness Maximuaw ACH Thick at
Aircraft Total for Total Allowable PCH on Max. Allowable
Mo, Aircraft Name Ecpaiw. Cows. Eqaiw. Cows. Gross WMeight Bil0) CD'F Gross WMeight
1 E747-400ER 4 128,805\ ( 33_14\ 1,076,993 =T 0.0008 30_8%9
z E747-8 2,073 30.6868 1,277,882 0.000% 34_80
3 B7E7-2 48,198 ZE._45 &lz, 2857 273 0.003& 3l.92
4 B7Ll7-Z00 HGW =&, 000,000 24._67 141,430 393 0.0000 Z1.42
L BYE7-E00 Basic =&, 000,000 24.11 Z17,803 La.& 0.0000 2636
&  EB737-300/400/500 =&,000,000 37.30 183,308 40.1 0.00a0 zl.65
7 EB737-700/200 =&,000,000 3E.1%8 135,848 EZ.3 0.00a0 74_71
& EB7E7-Z00 =&, 000,000 Z9_68 380,323 EZ.0 0.00a0 Zd_63
S B7&7-300 ER =&,000,000 37.E7 418,957 LE.0 0.0000 ZE_33
10 E777-zZ00 ER =&, 000,000 2E.98 7ag 200 74.0 0.0000 £9.39
1l MD11EER 40,938 3E_E1 774,808 2a.8 o.o0o0s 3236
1z MDE3 =& ,000,000 35.63 177,773 RE.E 0.0000 zd_ 68
13 A315-100 opt =&,000,000 36._ 82 188, 75E 37.6 0.00a0 z0._94
14 AZE0 Twin opt =&, 000,000 3E_8Z2 186,928 473 0.00a0 73._48
15 AZF1-100 std =&, 000,000 34_E5 Z08, 544 EE_ 8 0.00a0 ZE_E1
le AZ00-E4 ETD =&,000,000 37.1z2 373,574 L3 E 0.0000 z4_91
17  AZ40-zZ00 opt =&, 000,000 3E.Ez Le?, EE3 LE. 7 0.0000 2573
12 A380-200 Body =&, 000,000 25.49 1,262,949 710 0.0000 z8.77
1% A380-8500 Wing \_ 490,18{} L 34_19) 1,407,940 7E_3 0.00a0 9.76
Total CDF = 0.008l

Figure 21 - Example 2B Results Table 2 PCN Values
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. Single Aircraft ACH Other Calculation Modes
Uit Show Show ; o A 3
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- J (. Tatal CDF =

Figure 22 - Example 2B Results, Table 2 Adjusted PCN Values

27



@ﬂﬂf]ﬂa

Oa\ H Y- ¢ Microsaft Excel = ¢
| -és'l _
—/ Home Insert Page Layout Formulas Data Review View Get Started Acrobat (7]
I Al - %]
) COMFAA_Support-2-29-12.xls [Compatibility Mode] x
[ 4] B C D E F | J K M N Q Q 5
44
156 Flexible Pavement Example 2B 3.000
CBR9 = gp 3 r
j: PCN= 30 1 | Six Most Demanding Aircraft in Traffic Mix |
49 PCN= 80 ] 1
50 1 I 2,500
51 ]
& o PCN= 70 ]
53 i / I
I + 2,000
2‘5‘ s PCN= 60 % I .
= S
56 ! . 5
— & PCN= 50 % T 1500 2
58 = / -
59 o PCN= 40 % £
60 = / L 4
61 = / 1
= S PCN= 30 % [ 1000
6 E .
64 s PCN= 20 % I
P @ % 1 500
€6 v r
PCN= 10 7
67 %
68 £ N =
— PCN=10 7 ABBUU B747- ' B777-300 |
:-;E]] Wing A00ER B787-8 MD11ER B747-8 ER
72 1. Aircraft ACN at traffic mix GW 63.6 634 66.1 67.8 63.7 7.3
73 2. Calculated PCN at CDF max. GW 66.4 66.5 69.7 715 741 741
?{: —&— 3. Annual Dep;ﬂi:res from traffic 200 1,520 2720 480 120 1320
76
M 4 » M| Layer Equivalency . k Value . Form 5010 . Data Parse | Flexible Chart . Rigid Chart -~ ¥
Ready Average: 143,677 Count:117  Sum: 11,494,130 |[EE (O] {1} 2008 (=) 1] ()0

Figure 23 - Example 2B ACN and PCN Comparison

Example 2C - Reducing
Pavement Characteristics

the CBR

Runway properties relevant to the analysis are shown in Table 5 for runway 11/29, but the CBR
has been reduced from 9 to 8. While there is no change in the evaluation thickness of 33 inches,

the subgrade code is now C.

With the same traffic as in Example 2A, Figure 26 shows that the PCN is reduced to 73 FC,

while the critical aircraft ACN is at 89 FC. There are two other indications that the pavement is

overloaded. The first is that the thickness for total equivalent coverages exceeds the design

thickness of 33.0 inches. The second is that the total CDF is much greater than 1.00.

Graphical representation of the PCN versus ACN is shown in Figure 25. From this, it is obvious
that the correct CBR determination is one of the critical parameters for this analysis.
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P 5 . = I
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Results Table Z. PCH Values |
Critical Thickness Maximum ACH Thick at
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Figure 24 - Example 2C Results Table 2 PCN
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Figure 25 - Example 2C ACN and PCN Comparison
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Example 3 - Composite Pavement

Annual Traffic

This airport has one runway — 17/35, and it is composed of several built up layers of mixed
properties. The section analyzed is in the middle of the runway, so that any pavement strength
issues must be addressed. The airport authority has reported the average annual traffic as seen in
Table 9.

Table 9 - Example 3 Traffic

Average
Gear Gross Annual
Aircraft Type Weight (Ib) | Departures
A319-100 D 150,000 9,500
A320 Bogie 2D 167,300 7,200
A330-200 2D 469,000 3,700
B727-200C D 172,000 600
B737-300/500 D 140,000 11,300
B737-700 D 153,500 32,120
B737-800 D 173,000 40,150
B747-400B 2D/2D2 873,000 660
B757-200 2D 250,000 1,095
B767-200 2D 335,000 460
B767-300 2D 271,000 28,105
B767-300 ER 2D 409,000 660
B767-400 ER 2D 451,000 1,490
B777-200 3D 537,000 720
B777-200 ER 3D 634,500 770
DC10-10 2D 443,000 1,200
DC9-51 D 121,000 820
MD83 D 150,500 2,555
MD90 D 157,000 19,400
MD11ER 2D/D1 621,000 700

Example 3A - Composite Pavement Runway 17/35

Pavement Characteristics

Runway properties relevant to the analysis are shown in Table 10 for runway 17/35. This runway
is classified as flexible because of the surface composition, but it is composed of layers that
differentiate it from the typical rigid or flexible runway. The primary difference is that the PCC
layer lies directly on the subgrade, beneath the rest of the layers, making calculation of the
equivalent thicknesses somewhat unique.

Application of the equivalency factors for composite pavement sections is not covered in
AC 150/5335-5B, so it was required that consultation with the FAA be utilized. Their
recommendation was to add all like layers before the equivalency conversions, and then treat the
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pavement as is normally done for either flexible or rigid. In this case add all like pavements
together to determine equivalencies.

Table 7 recommends conversion of P-501 to P-401 by a factor of 2.5. This results in a P-401
equivalent thickness of:

[ P-501 6.0”x2.5

15.0” P-401
P-401 4.0” +2.0” + 15.0”

21.0” P-401

Figure 26 shows the evaluation thickness is 53.5 inches for this pavement structure, with the
PCC layer contributing 15 inches, as calculated above. The total evaluation thickness is based on
the “Subgrade up Convert”, rendering it slightly thicker than if the more conventional “Surface
Down Convert” was utilized. The conversions are determined like this:

ﬂ’-401 21.0”-5.0" 16.0” excess material \
16.0” x 1.6 25.6” convert to P-209
(25.6” - 8.07)/1.6 11.0” excess for P-154
11.0”x 2.3 25.3” to be added to P-154

6.4 to be added to P-154

8.4” to be added to P-154

40.1”

5.0"+8.0” + 40.1” =53.1”

5.0+ 8.0” + 40.5” = 53.5” /

P-304 4.0”x1.6

P-209 6.0"x 1.4

P-154 25.37+6.47+8.4”

Subgrade Down Convert

Subgrade Up Convert (details not shown)

Table 10 - Example 3A Pavement Properties

Runway: 17/35

Overlay date: 1999

Construction date: Varies

Surface HMA 4 |in. P-401
Base CTB 4 |in. P-304
Base HMA 2 |in. P-401
Subbase 6 | in. P-209
Subbase PCC 6 |in P-501
Evaluation thickness 53.5 | in. Figure 28
CBR 4 Code D
Remaining life 7 | years
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Figure 26 - Example 3A Composite Pavement Layer Equivalency

With the runway properties of Table 10 and the traffic of Table 9, COMFAA results are shown
in Figure 27. The equivalent thickness in this case is not adequate for the traffic, with several of
the six most demanding aircraft requiring -6D thicknesses that exceed 53.5 inches. Likewise, all
aircraft shown have CDF thicknesses that are well above the equivalent number. The need for
improved pavement capability is also evident from the PCN chart of Figure 28 in that the ACN’s
greatly exceed the PCN’s for the six most demanding aircraft.
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Figure 28 - Example 3A ACN and PCN Comparison
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Example 3B - Overlay of Composite Runway 17/35

It is apparent that the PCN is not sufficient for the pavement, considering the variables discussed
above, and an overlay may be appropriate. Pavement characteristics are not shown here, but
simply increase the P-401 thickness as shown in Figure 26 by 4 inches to 25 inches. The total
pavement thickness increases from 53.5 to 62.7 inches due to the effect of the conversion factors.
The resulting PCN of 127 FDWT is adequate for the traffic, as seen in Figure 29.

This covers future situations in which the traffic volume might increase, and the airport authority
will still have confidence in the pavement strength, regardless of the volume increase in a critical
aircraft.

By placing the overlay, the pavement is considered to have a new 20-year life; however, it is
always wise to review these calculations after a period of time in that conditions might change
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Figure 29 - Example 3B Composite Pavement ACN and PCN Comparison
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Example 4 - Excessively Over-designed Pavement
The following runway has excessive thickness for the traffic, and it has to be treated in a

different manner. Table 11 shows the runway characteristics, and the evaluation thickness is

calculated in Figure 30. Traffic is shown in Table 12.

Table 11 - Example 4 Pavement Properties

Runway 02/20 (Flexible) 8 | in.
Surface HMA 8 |in. | P-401
Base 10 | in. | P-209
Subbase 17 |in. | P-154
Evaluation thickness 40 | in. | Figure 33
CBR 16 Code A
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Figure 30 - Example 4 Pavement Layer Equivalency Calculation
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Table 12 - Example 4 Traffic

Gross Average
Gear Weight Annual
Aircraft Type (Ib) Departures
AN-124 5D 877,430 3
B727-200 D 185,200 205
B737-200 D 128,600 3,580
B737-700 D 155,000 1,632
B737-900ER D 188,200 874
B747-200F 2D/2D2 836,000 581
B747-400F 2D/2D2 877,000 444
B747-8F 2D/2D2 978,000 444
B757-200 2D 256,000 874
B767-200 2D 317,000 874
L-1011 2D 432,000 32
MD-80 D 161,000 1,492

PCN Calculation of Runway 02/20

After entering the traffic and the pavement characteristics into COMFAA, the PCN results are
determined as shown in Figure 31. The evaluation thickness is far more than adequate for the
traffic, with all of the aircraft thickness requirements calculated at much less than 40 inches.
Additionally, every aircraft except the 747-8 has greater than 5,000,000 operations allowed,
meaning that the pavement has unlimited life under these conditions.

{®] ICAD ACN Computation, Detailed Output

Single Aircraft ACH Other Calculation Modes
{« Flexible ¢ Rigid f« PCHN ¢ ACH Batch < Thickness ( Life ¢ MGW

Unit
Conversions

Show
Alpha

Show
Ext File

[~ Save PCH Output to a Text File

s
Fezsults Table 2. PCH Walues
Critical Thickness Maximunm ACH Thick at
Aircrafc Total for Total Allowable PCH on Max. Allowable
MNo. Aircraft MName Equiw. Cows. Equiv. Cowvs. Gross Weight A{1E) CDF Gross Weight
1 An-1z4 =&, 000,000 1217 Z,380,730 120.4 0.0000 36 .86
£z BTET-E0OO =&, 000,000 8. 74 313,138 1.8 0.0000 ZE.EBE
2 BY3I7-Z0O0 =5,000,000 z3.01 21E,606 QE. 8 0.0000 zk.70
4 B73I7-700 =E£,000,000 zE.21 2El,zZE1 2.7 0.0000 25,15
£ B737-200 ER =E£,000,000 Z9.43 208,858 =1= 00 0.0000 25,13
& B747-Z00F =E£,000,000 Z3.79 1,646,579 122, 5 0.0000 Z9.87
7 B747-400F =&, 000,000 ZE.15 1,835,546 C! 0.0000 23,77
& B747-8 4,982 13.39 £,598,839 0.0000 4407
2 BYE7-E0O0 =&, 000,000 12867 E90, 476 TE 0.0000 30,19
10 E7&87-Z00 =&, 000,000 1399 804,795 1zz_5 0.0000 Z9.585
1l L-1011 =5,000,000 Z3.54 207,773 1z3.1 0.0000 20,34
1 MD20 =E£,000,000 z7.87 297,770 Q3.8

\\__________// Total CDF

= zk.85
0.0000
TThern computing the numbers of coverages to failure, the coverages for none

of the aircraft converged at a pavement thickness greater than 99 percent of

the ewaluation thickness. This means that the life of the pavement is unlimited

and the pavement is wery strong in relation to the aircraft loading. The

relative aircraft load evaluations are also unreliable. Consider reviewing

the procedures used to determine the ewvaluation thickness and the strength

of the support. The thicknesses for unlimited operations of =ach of the

aircraft are as follows.

Figure 31 - Example 4 Results Table 2 PCN Showing Unlimited Pavement Life
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Note that the total CDF is at 0.00, providing indication that the pavement greatly exceeds that
traffic demands. Also, the PCN of the 747-8 is 272 FA, which by inspection is not common
sense.

In order to arrive at a valid rating for this runway, it is suggested that the thickness be gradually
artificially reduced until the “Thickness for Total Equivalent Coverages.” becomes somewhat
uniform, such as in Figure 32. In this case, an evaluation thickness of 22 inches results in

PCN 79 FAWT shown graphically in Figure 36. Compare this with the highest ACN of 63 FB.

If future traffic that requires a higher PCN is introduced at this airport, then the PCN should be
re-evaluated; however, the airport authority will have confidence that there will not be a problem
due to the techniques used.

{® ICAD ACN Computation, Detailed Output

Single Aircraft ACKH Other Calculation Modes
(* Flexible © Rigid «* PCHM " ACH Batch ¢ Thickness ( Life " MGW

Unit
Conversions

Show
Alpha

Show
Ext File

[~ Save PCH Dutput to a Text File

s
Desults Table Z. PCN Values

Critical Thickness Maximuam ACHN Thick at

Aircraft Total for Total Allowable PCH on Max. Allowable

No. Aircraft MName Equiv. Covs. Eouiw. Cows. Gross Weight {15 CD'F Gross TMeight
1 Ain-1ZF4 =E,000,000 13.17 1,132,355 £33 0.oooa z0.39
2 BYET-Z00 17g2,040 Z0.08 213,618 LE.l 0.000e 19,83
3 BT3IT-Z00 =&, 000,000 Z1.69 131,316 0.7 0.oooa 14._80
4  BYIT-700 =5,.000,000 Z0.99 1e7,.008 2.7 0.ooo0o le.84
5 B737-200 ER 74,264 13.83 ZEZ, 588 a6 0.0054 Z0.44
& B747-200F Z,.510,480 zl.1% 885,386 £1.7 0.o00z 13 2z
7  B747-400F Q0,624 Z0. &0 971,453 £1.1 0.004z2 z0.87
8 B747-8 L,8E8 13.58 1,163, 602 0.0&%5 Z3.75
S BTET-Z0O0 =E,.000,000 12.67 FEL, 322 402 0.ooo0o 1l&.93
10 BY&7-Z00 =&,000,000 13.99 266,707 41_& 0.oo0o 17.22
11 L-1011 4,413,704 zl.z9 488, 583 Ll. & 0.ooo0o 19,19
1 MDEO 418,460 Z0.2E2 123,408 Eo.1 S—aa 1z.91

Total CDF =

Figure 32 - Example 4 Results Table 2 PCN

An alternate approach to arriving at a valid rating in cases like this would be to increase the PCN
by a percentage greater than the highest ACN of the expected traffic. If a factor of 25% were
chosen, then the runway would be rated at:

ACN 63 FAx1.25=PCN 79 FAWT
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Figure 33 - Example 4 PCN and ACN Comparison
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Closing Thoughts

Calculation of ACN is very precise while PCN determination is subject to engineering judgment
due to the many variables involved. Thus it is up to the engineer to apply conclusions to the PCN
based on knowledge derived from experience and observation.

The FAA PCN procedure assumes that the pavement life is 20 years, both for rigid and flexible
pavements. In the examples presented the projected pavement life is usually less than this time
period. To overcome this anomaly, the traffic should be counted from the beginning of the
assumed pavement life - either at construction or at the last overlay — and the derived PCN is
valid from that beginning until the 20 years is realized. For example, if the last overlay was in
1996, then the PCN should be determined with traffic from 1996 to the present, and it would be
valid until 2016.

If the PCN is less than the ACN required, then consideration needs to be taken for changes to the
pavement or traffic:

Is the ACN vs. PCN difference enough to be concerned?

How confident is the traffic projection?

Will the traffic change in the future, especially for the most six most demanding aircraft?

Is an overlay scheduled in the near future? If so, the PCN in this case should be

acceptable until the refurbishment is accomplished.

e Considering the age and condition of the pavement (Table 5), should an overlay be
recommended in the near future? The COMFAA program calculates PCN based on a
20-year pavement life, and the pavement is estimated to have only 8 years of life
remaining.

e Were the pavement properties, such as CBR and equivalency factors, accurately derived

or just estimated? Small differences in some factors can have significant effect on the

final PCN calculation. Here is a tradeoff study of a rigid pavement in which Mg and slab
thickness was varied. The effect of 50 psi change in Mg on PCN is about the same as that
for one inch of slab thickness:
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Figure 34 - Effect of Mg and Slab Thickness on PCN
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In the life of a pavement, it is possible that either the current or future traffic will load the
pavement in such a manner that the assigned pavement rating is exceeded. ICAO presents a
simplified method to account for minor pavement overloading in which the overloading may be
adjusted by applying a small fixed percentage to the existing PCN. This is subject to a limitation
on the number of operations that the overloading airplane will have. However, there is little
guidance to the airport authority as to the impact of these adjustments on the pavement in terms
of pavement life reduction or increased maintenance requirements.

The following thoughts on overload apply primarily to pavements that have been evaluated by
using the Technical method. Pavements that have ratings determined by the Using aircraft
method should follow the ICAO overload guidelines.

Adjustment for pavement overloads starts with the supposition that at least some of the aircraft in
the traffic mix have ACN’s that exceed the PCN. To resolve these kinds of problems the airport
authority will have three options on their pavement strength rating selection:

1. Letthe PCN remain, but retain local knowledge that there are some aircraft in the traffic mix
that can be allowed to operate with ACN'’s that exceed the published PCN or at a reduced
weight to not exceed the PCN. This option requires that the airport authority constantly be
aware of the composure of the entire traffic mix in terms of operating gross weights and
loading frequency. If the traffic mix has changes that affect the factors involved in
developing a technically based PCN, then the PCN will need to be adjusted to reflect the
changes. The airport authority will also have to internally make allowance for or prevent
aircraft operations that exceed the PCN. The difficulty in doing so is that the magnitude of
the PCN is out of step with the ACN’s of some of the traffic. Furthermore, this places the
airport at a competitive disadvantage with aircraft operators in that the operators cannot be
confident of the ability of their aircraft to operate successfully on that pavement.

2. Provide for an increased PCN by either by adding an overlay or by reconstruction in order to
accommaodate aircraft with the higher ACN’s. This option alleviates the problems discussed
for the first option, but it does require additional expense to bring the pavement up to the
strength required by the combination of aircraft in the traffic mix. Doing so will, however,
allow operations at the required strength and for the desired pavement life.

3. Adjust the PCN upward to that of the airplane with the highest ACN. This option has the
benefit of allowing all aircraft in the traffic mix to operate as necessary; however, by
increasing the PCN, which implies higher pavement strength, the pavement life will be
reduced unless there is a provision for increased maintenance.
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