Chapter 14

Design of Flexible
Airport Pavements



a. Load.
maximum anticipated takeoff weight of the
aircraft. The design procedure assumes 95
percent of the gross weight is carried by the
main landing gears and 5 percent is carried
by the nose gear.

b. Landing Gear Type and Geometry.
(1)Single Gear Aircratft.
(2) Dual Gear Aircraft.
(3) Dual Tandem Gear Aircraft.
(4) Wide Body Aircratft.

C. Tire Pressure.
Tire pressure varies between 75 and 200 PSI
(516 to 1 380 kPa) depending on gear
configuration and gross weight.

d. Traffic Volume.
Forecasts of annual departures by aircraft
type are needed for pavement design.
Information on aircraft operations is available
from Airport Master Plans, Terminal Area
Forecasts,



The forecast of annual departures by
aircraft type will result in a list of a number
of different aircratft.

The design aircraft should be selected
on the basis of the one requiring the
greatest pavement thickness.

Each aircraft type in the forecast should
be checked to determine the pavement
thickness required by using the appropriate
design curve with the forecast number of
annual departures for that aircratft.

The aircraft type which produces the
greatest pavement thickness is the design
aircratft.

The design aircraft is not necessarily the
heaviest aircraft in the forecast.



DETERMINATION OF EQUIVALENT ANNUAL DEPARTURES
BY THE DESIGN AIRCRAFT.

a. Conversions. Since the traffic forecast is a mixture of a variety
of aircraft having different landing gear types and different
weights, the effects of all traffic must be accounted for in terms
of the design aircratt.

First,
all aircraft must be converted to the same landing gear type as
the design aircratft.

To Convert From

single wheel dual wheel
single wheel dual tandem
dual wheel dual tandem
double dual tandem dual tandem

dual tandem smgle wheel
dual tandem dual wheel
dual wheel single wheel
double dual tandem dual wheel




Secondly,

after the aircraft have been grouped into the same landing
gear configuration, the conversion to equivalent annual departures of
the design aircraft should be determined by the following formula:

equivalent annual departures by the design arcraft

annual departures expressed in design aircraft landing gear
wheel load of the design aircraft

wheel load of the arcraft mn question




For this computation 95 percent of the gross weight
of the aircraft is assumed to be carried by the main
landing gears.

Wide body aircraft require special attention in this
calculation. Since wide body aircraft have
significantly different landing gear assembly
spacings more than other aircraft, special
considerations are needed to maintain the relative
effects. This is done by treating each wide body as a
300,000-pound (136 100 kg) dual tandem aircraft
when computing equivalent annual departures. This
should be done in every instance even when the
design aircraft is a wide body.

After the equivalent annual departures are
determined, the design should proceed using the
appropriate design curve for the design aircraft.

For example if a wide body is the design aircraft, all
equivalent departures should be calculated as
described above; then the design curve for the wide
body should be used with the calculated equivalent
annual departures.
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Gear Type Average Mamamm Takeoff Weizhi
Annual Ibs (kg)
Departires
dual 3,760 1e0,000 (726000
chaal 9.080 190,500 (E6500)
daal randern 5050 327,000 (148 300}
chaal 5,800 I0E,000 (SO0
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dual andem 1,710 -I-‘C' ool (204 120
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mandem

(1) Determine Dezign Aircraft. A pavemesns thickness is derermined for esch aircraft in the
forecast using the appropriate design curves. The pavement par dasa, CBR. K vahee. [lenural srensth, efc , should be
the same for all sircraft Adrcraft weights and deparmre levals must comespond 1o the pardenlar aircraft in the forecast.
[o clus exampls the 727-200 reguires tee greatest pavement tockness and 1s s the design aircen

(2) Group Forecast Traffic into Landing Gear of Desizn Aircraft. [o this example the desizn
aircraft is equpped witk a dusl whee! landmyg gesr so all maffic mast be grouped into the dual wheel conf puraton.

(3) Convert Aircrafi to Equivalent Annoal Departures of the Desizn Aireraft. Afer the
aircraft mivmre ]..3; been grouped (oo @ common larding gear corfimration, the equivalant .1.1'.1:I.‘|I.'1| departures of tha
desgn asrcraft can be caloulated.
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TABLE 3-5. PAVEMENT THICKNESS
FOR HIGH DEPARTURE LEVELS
Anmual Departre  Percent of 23,000 Departure

Level Thickness

50,000 10
100,000
150,000
200.000

TABLE 3-4. MINIMUM BASE COURSE THICKNESS

Design Design Load Range Mimmmum Base
Ajrcraft Course Thickness
Ibs. (kg) n (mm)
Single Wheel | 30000 - 50,000 (13600 - 22 700) (100)
50.000 -«  75.000 (22700 - 34 000) (150)
Dual 50,000 100,000 (22700 - 45 000) (150)
| Wheel 100 000 200,000 (45000 - 90 700) (200)
Dual 100,000 250,000 (45 000 - 113 400) (150)
Tandem 250,000 400.000 | (113400 - 181 000) (200)
757 200,000 « 400,000 (90700 « 181000) (150)

o o & o O |G Ja

767

DC-10 400,000 600,000 | (181 000 272000) (200)

LI011

-

400,000 - 600,000 (181 000 272000) (150)
600000 = 250000 (272 000 385 700) (2003
c-130 15000 « 125,000 (34 000 36 700) (100
125000 - 175000 | (56700 - 29 400) & (150] )
Note: The calculated base course thicknesses should be compared with the
mummum base course thucknesses hsted above. The greater thuckness,

calculated or minmum, should be specified mn the design section.

TABLE 3-6. RECOMMENDED EQUIVALENCY FACTOR
RANGES FOR HIGH QUALITY GRANULAR SUBBASE
Matenal Equvalency Factor Range
P-208, Aggregate Base Course 10=15
P-209, Crushed Aggregate Base Course 12-18
P-2 11, Lime Rock Base Course 1.0-1.5




TABLE 3-5. RECOMMENDED EQUIVALENCY FACTOR RANGES

FOR GRANULAR BASE
Material Equivalency Factor Range
P-208, Aggregate Base Course 1.0
P-21 1. Lime Rock Base Course 1.0

‘Substitution of P-208 for P-209 1s permissible only if the gross weight of the
design aircraft 1s 60,000 |bs (27 000 kg) or less. In addition, if P-208 1s
substituted for P-209, the required thickness of hot mix asphalt surfacing shown
on the design curves should be mcreased 1 inch (25 mm).

TABLE 3-9. RECOMMENDED EQUIVALENCY FACTOR RANGES
FOR STABILIZED BASE

Matenal Eauwvalencv Factor Ranee
P-304. Cement Treated Base Course 12=1156
P-306. Econocrete Subbasze Course 12=106
P-401. Plant Mix Brtuminous Pavements 12=156

Note: Reflection cracking may be encountered when P-304 or P-306 1z used as
base for a flexible pavement. The thickness of the hot mix asphalt surfacing

course should be at least 4 inches (100 mm) to munimize reflection cracking in
these instances.

TAELE 3-7. RECOMMENDED EQUWALENCY FACTOR
RANGES FTOR STABILIZED SUBBASE

Material Equivalency Factor Range
P-301. So1l Cement Base Course 10=15
P-304. Cement Treated Base Course l6=-23
P-306, Econocrete Subbase Course 16=23

P-401, Plant Mix Brtuminous Pavements 17=23




TYPICAL SECTIONS.

Airport pavements are generally constructed in uniform, full width
sections.

Runways may be constructed with a transversely variable section, if
practical. A variable section permits a reduction in the quantity of
materials required for the upper paving layers of the runway.
However, more complex construction operations are associated
with variable sections and are usually more costly.

pavement thickness of 0.9T will be specified where traffic will be
arrivals such as high speed turnoffs; and pavement thickness of
0.7T will be specified where pavement is required but traffic is
unlikely such as along the extreme outer edges of the runway.

Note that the full-strength keel section is 50 feet (15 m) on the basis
of the research study discussed in paragraph 306a.
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i DESIGN EXAMPLE. As an exsmple of the use of the desizn curves, sssume a flemble pavemsent is to be
designed for a dual gear sircraft having 3 gross weight of 75,000 pounds (34 000 kz) and 6 000 aomaal equivalen:
departures of the desizn sircraft. Design CER values for the subbase and subgrade are 20 sod 6, respectvely.

a. Total Pavement Thickness. The total pavement tickness required is detenmined from Figurs 3-3.
Enter the upper abscisss with the subgrade CBR valne 5. Project vertcally domrward to the gross weight of the design
aircrafr, 75,000 pounds (34 000 kg). Ar che point of inrersection of the verncal projection and the aircraf® pross weight
make 5 hormzontsl projecton to the equvalent sonusl] deparmures, &000. From the point of ntersection of the homzontsl

projecuon aod the snanal departare level, make a verncal projectuon down to the lower sbscissa and read the total
pavement thickness: 10 this sxmnple = 23 inches (584 mum)

b. Thickues: of Subbase Course. The dickwass of the subbase cowse is derenmined fv 3 manner similar
to the total pavemenr thickness. Using Fipure 3-3 enter tae upper abscizsa with the desipn CHE value for e subbass
20. The chart is used m the same mamer as descnbed m “a™ above, 1e, vemcal projecooa to arcraft gross weight
bomzonts] projection fo annual departures, and verncal projection to lower sbscissa In this example the thickness
obrzined is 0.5 inches (241 mm). This mesns thar the combined tickpess of bot mix asphalt surface and base cowrse
veeded over ¢ 20 CBR subbaze is 0.5 inchas (24] mm), fms lesving a subbase thickness of 23 - 0.5 = 13.5 inches (343
mm).

. Thickness of Hot Mix Asphalt Surface. As indicared by the pore in Fiznre 5-3, the thickneds of hot
mix asphalt surface for cntical areas 1= 4 inches (100 mm) and for noncrincal 3 inches (78 nam).

a Thicknoess of Base Course. The thickpess of base course caa be computed by submacting the
thickmess of ot mix asphalt surface from the combined thickness of surface and base determived in "b" above; in s
example 0.5 -4.0 =55 (150 mm) of base course. The thickness of base course thus calenlated should be comparsd with
the pninnas base cowrse thickness reqguized as sholwn in Table 3-4. Nowe thar the mininnm bese cowse thickness is §
inches (150 nuw) frome Table 3-2 Therefore the nmuninvmm base courss thickness from Table 3-4, 6 tnches (152 mm),
wouwld coamol If the nepinmmm base course thickness from Table 3-8 had bean [ess than the calculsted thicknpess the
caloalated thickness would hsve controlled MNote also thar usz of Itema P-204. Agrregate Base Course, a5 base course Is
oot permisithle since the weight of the design aircraf exceads S0.000 Ibe (27 000 kg).

e Thiclknoess of Noncritical Areas. The (ol pevement thickoess for noacridcal areas is obtained by
mking 0.9 of the crincal pavemens base and subbase thirkpesses phus the raquired hot mix asphalr surfare thickness miven
on the desizm chars. For the thinped edge pordon of the cridcal and poncritcal pavemenss, the (07T facwor applies only
o the base course because the subbaze should allow for mansverse draimage The mansiton sacon and surface course
requiremnent: sre 55 noted in Fioure 3- 1.

& Summary. The thickness caladated in the sbove paragraphs should be rounded off 1o even
merements a5 discussed in paragraph 3 18 If condirions for detrimeneal frost sction ewist, another analyses i3 reguired.
The finsl dazign thicknessas for this exsmple neould e sz follows:

THICKNESS REQUIREMENTS

Crocal Won-Cntical Edze
in. (mm) in. (nm) ic. {mm)
Hot Mix Asphale Surface 4 (100) 3075 2 (50)
(P-209 Base)
Base Course 6 (200) 5 (125) 4 (100)
(209, or P21 1}
Subbase Course 14 (355) 13 (330) 10 (255)
P-154)
Transverse Drajnage O (0) 3 (79) 8 (208)
Ciourse

(if neededd




BASE COURSE.

types of base courses for use on airports for aircraft design loads of
30,000 pounds (14 000 kg) or more are as follows:

(1) Item P-208 - Aggregate Base Course’

(2) Item P-209 - Crushed Aggregate Base Course
(3) Item P-21 1 - Lime Rock Base Course

(4) Item P-304 - Cement Treated Base Course

(5) Item P-306 - Econocrete Subbase Course

(6) Item P-401 - Plant Mix Bituminous Pavements

‘The use of Item P-208, Aggregate Base Course, as base course is
limited to pavements designed for gross loads of 60,000 Ibs. (27
000 kg) or less When Item P-208 is used as base course the
thickness of the hot mix asphalt surfacing should be increased 1
inch (25 mm) over that shown on the design curves.

TAELE 3-2. SUB( ADE COMPACTION REQUIREMEI|TS FOR FLEXIBLE PAVEMENTS
DESIGN 5 NON-COHESIVE S0ILS COHESIVE S0ILS
Depth of Compactdon In Depth of Compacton In

Single Wheel

Dual Wheel
(incls. C-130) 100,000

Y &0 OO
150,000

Dual Tand 100.000
(incls. 757, 200,000
767, 300,000
A-300)

DC-10

Lion1

747 200.000



