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Off'lce, "hief of ncineers, U, 's Army
washingrton, D. <o

iy ABRTRACY
= in the development of paverment ldesiim '.md ev'alu'xtion eriterin for alreraft with
complex reqr confiuratlons (=94, Baili?y ete,), 1t hao Leen revenlel thnt currunt

orocedures for relating nlreraft oner"f iony (v,\. sec) to pavement covernyes (strese
and/or deflectlon repetition:’ ave cumbersome nnd innecurate. The procedu.re for
convertinge alreraft nasres to prvement ecoverwmtes hew Leen reexarined vy developlns
theoretlcal normal tr Lf'i‘lc Hetributlon curves ad fittine these varves to the llmited
number of netunl traftic istribution curves ayilalle for four slreraft {Beh7, Be0",
a97, and ¥re135),  In thle monner, more realistle prrnetowcoverwte {n/e) ratios
h'we been developei for most eurrently used militerr aped elvil siraraft, The revised
ple potlon wpe preseatet and are vecormeniet for use In pavement desien and evaluatlo
eriterin, The wount of actuql traffic Hstribution date iz recosnlued to Le minimnl,
ad widttional date for sew cenerations of alreraft are necied to verify or revice

the presente! nfe ration,
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FOREWORD

The study reported herein was sponsored by the U, S. Army Mili-
tary Engineering Design and Expedient Construction Criteria (MEDECC)
Program, Task 02, Work Unit 002, Evaluation of Existing Airfields for
C-55 QOperations.

This study was conducted under the overall supervision of
Messrs. J. P. Sale, R. L. Hutchinson, R, G. Ahlvin, and D. N. Brown,
Soils and Pavements Laboratory, U. S. Army Engineer Waterways Experi-

~ment Station (WES). The study was conducted >y Dr, 0. O. Thompson and

Mr. D. N. Brown during the period June 1970-July 1971. This roport was
written by Dr. Thompson and Mr. Brown.

COL Ernest D. Peirotto, CE, was Director of WES during t.e conduct
of this study and preparation of this report. Mr. F. R. Browr was

Technical Director.
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NOTATION

Aircral™ passes
Area under distribution curve

Single tire contact area of main tires and nose tires,
respectively (see fig. 8)

Total number of cycles (one landing and one takeoff); also,
main gear wheel spacing (see fig. 8)

Coverages

Maximum ordinates of theoretical normal distribution, GND,
cumulative, and SND curves, respectively

Conter-to-center spacing of nose gear tires (see fig. 8)
Gear passes

General normal distribution
Number of wheels in each main landing gear

Number of tires per main landing gear and nose gear assembly,
respectively (see fig. 8)

Wheel passes per inch
Total number of passes for each wheel

Ratio of aircraft pssses to coverages (sometimes expressed
as operations per coverage o/c)

p/c ratio for runways
p/c ratio for taxiways

Passes of aircraft center line and tire center line,
respectively

Center-to-center wheel spacing

Center-to-center wheel spacing for twin wheels, tandem
wheels, and outrigger wheels, respectively

Standard normal distribution
Tread
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Mean velue in GND
Wheel passes

Maximum luteral movement of a point on the center line of an
aireraft about the center line (or guideline) on rumways and
taxiways, respectively, during operation of an aircraft

Wheel base

width of single-tire contact area for main and nose tires,
respectively (see fig. 8)

Wander on runway

Width of tire contact area
Wander width

Wander on taxiway

Width over which the center line of aircraft traffic is dis-
tributed 75 percent of the time

Variable in GND

Variable in SND

Location weighting fuaction
Standard deviations

Standard normal density function
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to

wetric units 23 follows:

Maltiply By To Obtain
inches 2.54% centimeters
feet 0.3048 reters
square inches 6.4516 square centimeters
pounds {force) per square inch 0.6894757 newbons per square centimeter
ix
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SUMMARY

In the development of pavement design and evaluation criteria
for aireraft with complex gear configurations (C-SA, B-Th7, etc.), it
has been revealed that current procedures for relating aircraft opera-
tions (pusses) to pavement coverages (stress and/or deflection repeti-
tions) are cumbersome and inaccurate.

The procedure for converting aircraft pesses to pavement cover=-
ages has been reexamined by developing theoretical normal traffic dis-
tribution curves and fitting these curves to the limited number of
actual traffic distribution curves available for four aircraft (B-47,
B=52, KC=97, and KC~135). In this manner, more realictic passeto=
coverage (p/c) restios have been developed for most currentiy used
military and civil aircraft.

The revised p/c ratios are presented and are recommended for use
in pavement design and evaluation nriteria, The amount of actual traf-
fic distribution data is recognized to be minimal, snd additionzl data
for new generations of aircraft are needed to verify or revise the
presented p/c ratios.
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LATERAL GITRIBULION OF LIRCRART T/ ¥!C-

PART I: TINTROL'CTINT

1. During the early staeges of developrent of ceriteria for the
design and evaluation of pavements, it becwne apparent that a method of
accounting for repetitions of traliic was nceded. To simply count the
number of aireraft using ap airfield J-oility is not 2deqiate. The in-
cremental detriment to & pavementv caused. vy a particular wheel of &
particular aireraft at a particular location is influer ed L neny Toce
tors. Some of these factors asre: (a) number of whesls, [t) whezl cone
figuration, (¢) load on each wheel, (d) tirs contact pressure, e} lu~

e o e e U RO A 085 V0L S R A i AR R S o B

cation of aircraft on the pavement, and (f) previous louding hisuouy.
2. In an attempt to normalize these various factors zo that one
nurber could be obtained to reflect their collective lufluence on the

totel system of design and evaluntion, the concept of coverages wns ine

W CRRTER e AP DA it i M S

troduced. As u result of different assumptlons and development proces
dures used in analyzing results of traffic tests, the term "
has different meanings for rigzid and flexible pavements, Foo rigid

aoverace”

pavements, coverage is a measvre of the number of maximua stress ppli-
cations that occur within the pavement due to the applied trafyic, A

AT SR IR A R i 5200

covera,sc occurs when each point in the pavement within the limits oy tie
traffic lane hac been subjected to z maximum stress, assuming that the

streas ls equnl wnder the full tire urint. For flexible pavements,

AN

e

g covernve o » mennsure of the number of maxirum sirecs spnplications that
occur on the surface of the nivencut due to the npolied trafic, A
coverae ¢ceurs when all noints on the pavement surface within the

E traffic lane have been subjected to one appliention of maximm stress,

azswning that the stress i equnl under the ™ull tire print. Thus, rur

AR

instance, » twinetandicrm cenr would produce twoe apnlications of otress on . §
%
the curface of 2 rlexitle pavement tut would produce ~uly ohe maxirum 1

stress npptlcation within + ririd puvement if the tandem spneing were

oy

smail and two mnximum ctresses i the tandem spacing were larpe. For
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this study, the definition of coverage as applied to flexible vavements
was used for the development of aircraft pass per coverage (p/c) ratios.
The adjustment for mmltiple stresses resulting from tandem wheels on
rigid pavements was then applied to the developed p/c ratios.

3. Test sections have been used to develop the relationship be-
tween load, traffic (coverages), and pavement tl.ickness reguirements.
Traffic on the test sections is programmed so that successive wheel |
paths do not overlap and an accurate determination of coverages can be
mede, It is considered that these test section coverages relate di-
rectly to coverages on an airfield facility; however, it is recognized
that the p/c retio used on the test section and that occurring on the
actual Pacility are different. Since the random traffic on an airfield
can only be conveniently counted as aircraft passes, the development of
the p/e ratic was essential so that te.t section relationships could be
applied to airfie'd pavement design or evalustion.

4, Tu: tackground leading to the development and application of
she current mtlied for determining the p/c ratios is preseated herein,
and it is shown that these p/c ratios, especially for aircraft employ-
ing ~amplex gears, do not praduce distributions that agree well with
those developed from actual measurements and observations. Therefore,
a ncw method for determining the p/c ratlo was developed and used to
coupute p/c ratios for most of the cwrrently used military and civil
aircraft.




THE anmmr OF THE CURRENT PASS/COVERAGE RATIO

Historical Background

- 5, In one of the earliest {1942) pavement test secticas, Stockton
No. 1, accumulations of traffic were simply reported 2s wheel load repe-
titions.l ‘"he moving wheels were programmed so that three nonoverlapping
but (theor.*_cally) ftouching wheel paths were obtained. That is, for
every three passes of a wheel, every point on the traffic lane was sub-
Jjected to the print of a wheel one time (rig. 1).

QWL IION OF TRAIEK LEGTND
T NOMTRAPIC AACA
LTI YRARAIC AREA
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Fig., 1. Typical test section applicstion of
nondistributed single-wheel traffic

6. The next siznificant test section was constructed at Barksdale
Field in 1944.2 TIn this study, the pattern of programmed traffic was de-
scribed in terms of coverages where a coverage was defined as "one pass
of the wheel loed over each point in the tracking (traffic) lane.” Re-
ferring to fig. 1, three passes would produce one coverage. In all sub-
sequent test section studies, repetitions of programmed traffic have
been recorded in terms of coverages.

7. It is well known that aircraft traffic does not fcllow such a
methodical pattern. Furthermore, it has been propoused, with substantie
ating evidence, that the sharp discontinuity between the traffic areas
and nontraffic areas (fig. 1) causes unrealistic behavior, Test section
traffic is now commonly distributed as shown in fig. 2, In this pattern,
wheel paths 3 and 4 receive equal amounts of the applied traffic, and
the other paths receive less, The moximum number of coverages {occur=
ring in wheel paths 3 and 4) is recorded during testing and at failure,
The number of coveragec in the other lanes is of no consequence, as these
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Fig. 2. Typical test scction application of
distributed single-wheel traffic
repetitions are provided to distribute the traffic and prevent the sharp
discontinuity between traffic and nontraffic areas.

8. It s assumed that the coverages to faillure are the same for
a test section and an airfield facility when both are subjected to the
same loadings. In design, therefore, the predicted number of aircraft
passes is converted to coverages using the applicable p/b ratio, and the
test track coverage versus thickness relations can be applied directly
to the airfield facility.

9. The p/c ratio, som2times called operations per coverage (o/fc)
ratio, was first described in a letter entitled "Design Curves for less
than Capacity Overations,”" dated 18 April 19h9.3 In this letter, it
was pointed out that the conversion from cycles based upon the following
assumptions was reasonable:

a. Each runway is serviced by two taxiweys, and a cycle of
operation (one landing and one takeoff) applies one pass
to each taxiway and two passes to the runway.

t. Seventy=-four percent of all operations on the runway are
such that the tire tracks for each gear are uniformly
distributed over a 25 fi* width,

c. Seventy-five percent of all operations on the taxiways
are such that the tire tracks for each gear are uniformly
distributed over a 1.5 ft width.

d. All operations at the field are on the same runway.

Using these assumptions, the following relationships were developed:

#* A table of factors for coanverting British units of measurement to
metric units is presented on page ix.




0.75BNW 0.75(2B)\W
c(taxiways) = — b c(runways) = v
.5 x 12° 25 x 12
where:
¢ = coverages

B = total number of cycles of operation

N = number of wheels in each main landing gear*

wt = width of tire print in inches

Based on the assumptions presented above, the number of cycles required
to produce one coverage on either a taxiway or a runwvay is equal to
200,/I‘th

10. The assumed uniform distribution of traffic described above
is shown graphically in fig. 32 for runways and fig. 3b for taxiways.
The equation for p/c cen be determined mathematically as shown in the
following paragraphs.

11. Consider an sircraft with single-wheel tricycle gear (see
fig. 4). In fig. 3a, one wheel is assumed to be in the zone
ab = (12 x 25 in.) 75 percent of the time. If the width of tire print
is W, in., then (12 x i?‘f))/’Wt wheel passes wp will be required %o
produce one coverage of the widthr ab . Thus, the average number of
wheel passes per inch P = [(12 x .'“})/‘r_!t] [1/(1 x 25)] = l/‘wt (wp/in.) .
That is, the ordinate after one coverapge is l/*nit (wp/in.) and the
ordinate after c¢' coverayges is c'/wt (wp/in.) or the coverages after
the total number of passes for ench wheel p' s (c'/wt) LA ¢' (wp).
Now, concidering both jrears, the total number of wheel passes = 2p'(wp) ,
but one ajreraft pass equals two wheel passes, and the maximum ordinate

has not changed. Thus, by definition

* In normal operation, the load on the noce gear wheels is considerably
lecs than that on the main penr wheels, and traffic ;ienerated by the
noce gear wheels iz of minimum consequence; therefore, the nose genr
wheels have been consistently ignored in traffic distribution studies.
The p/e ratios diccussed and presented in this report are not rele-
vant to nose rrear wheel traffic,
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W¢ WIOTH OF TIRE PRINT, INCKES
p' TOTAL NUMBER OF PASSES FOR EACH WHEEL
p WHEEL PASSES PER INCH

TREAD
TOTAL AREA =1.00¢
4 - |—w | crosswarcreo aneasorsy

.

w,——i l—- CROSSHATCHED AREA=0.78p'

.
/
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LATERAL PLACEMENT OF CENTER LINE OF WHEEL, IN.
a. RUNWAY

TREAD -

TOTAL AREA=1.00p

v
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Fig. 3.
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LATERAL PLACEMENT OF CENTER LINE OF WHEEL,, IN.
b. TAXIWAY
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Theoretical uniform distribution of aireraft traffic
on runways and taxiways
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D _ Yotal number of aircraft passes

c coverages (wp)
= 2p'(wp) 5 ““\/wt\ (wp)
- B 22)
=" G

However, from fig. 3a:
1
0.750" = (-;—) (12 x 25)

e'{12 x ©
= T10.75)(4 ;

_e'{12 x 25
c-c 0.75

- sy (@)

12, Consider now a bicycle gear with N wheels per gear and neg-
lect the outrigger wheels. The maximum ordinate is now (c '/Nwt)(wp/in.) .
For one main gear, the total number of wheel passes equals p' and the
number of gear passes (gp) equals (p'/N). Tor both main gears, the total
number of gear passes equals (2p'/N)(gp) but one aircraft pass equals two
gear passes and the maxirum ordinate has not chanced. Thus, as before

Thus

total number of alrcraft passes (22)
coverages wp

@) @ 3 (@) (FHE) )
5 (@)

However, from fig. 3a:

D
-~ o
]

0.75p" = (m"t) (12 x 75)

)
t

e'(1 x 2
t .
P =SB N n

8
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Thus

P. c'§12 X 25)
c c¢'(0.79)(N wt

This equation is the same .s that given previously for runways. Simi-
larly, the equation for taxiways can be developed. Thus, the equations

for p/c ratios are written as follows:

_ 12,5 x 12 (
(E)t = oJ?ETETTWZT (for taxiways) (1)

P\ -. 25 x 12 . o
(C)r WW (for runways) ( *)

where p/c denotes aircraft passes/coverage ratio, c¢ has units of
wheel passes, N denotes number of wheels of e:rch main gear, and Wt
denotes tire width, in.

12, In order to obtain actual traffic distribution data, a count
of traffic at four B-47 bases was conducted and reported in 1956. Of
particulor interest was the influence of traffiec distribution following
center-line stripec (traffic suidelines), which had become common and
had led to a consideravle degree of channelization of' traffic. It was
reported that 75 percent of the main genr traffic on the straightwnys
of taxiwayc fell in = lane 7.5 £t wide (cee fig. 9). For most takeoffs,
the main pear traffic occurred in an area with a width of about 30 ft
at runwoy ends. The data for the reference U study were collected for
B-U7 and KC-07 aircraft,

1k, As n result of thic study, a letter dated 6 January 1956+
was written recommendin: 2 revision of coverage criteria for capacity
operation. It waz suggested that the n/e value for nonchannelized
traffic chould be five times the value for channelized traffiec. This
miltiplier was selected Lecause:

¥ U, 3. Army Engineer Waterways Experiment Station, Ck, "Revised Cover-
age Criteria," Letter to the “hief of Engineers (ENGER), € Jan 1950.
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The channelized traffic report shows 75 percent
of B-47 traffic on channelized areas to fall within
a strip 7.5 ft wide,.... In similar developments for
runways (nonchannelized areas) earlier criteria were
extended. The early criteria showed 75 percent of
traffic in a 50-ft band, which for the 20~ to 25-ft-
vheel-span aircraft of that time meant a 25« to 30~
£t wander width. This was for 150-£%t runway widths.
With wider runways and newer aircraft sizes, types,
and gear configurations, it is considered reasonable
to increase this by 30 to 50 percent. This gives a
75 percent tracked width of about 38 ft.

In accordance with this analysis of field data, equations 1 and 2 were
revised as follows:

(2) = 7’; g 1§t (for taxiways) (3)
(5) —Tf-m-)-(?—’- (for runways) (%)

Thus, the p/c ratio .or the B-U7 was calcuiited as follows:

wt = 14.3 in,
N=k
2 = 7.5) l’, =
(c) 5o 3 2,10 for taxiways
(B) . (38) (12 = 10,63 for runways
c/y 0.75 14,3 *

15. A second survey? was conducted at seven Air Force bases to
record the lateral distribution of B-h7, B=52, KC=O7, and KC-135 air-
craft (see plates 1-8). The conclusions of this study are quoted in
part as followg:

1t is concluded that: (a) channelized traffic
occurs on runwoys during takeoff's and to a lesser
extent during landings; (b) the width in which chan~
nelization of B-U7 trarfic occurs on runways is sbout
three times rreater than the width (7.5 ft) in which
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it occurs on taxiways; (c¢) the B-52 tends to use
about the same width of runway as of tariway;

() due to their gear layout, the KC-135 and KC=97
travel in a slightly wider path than do the B=4T7

or B-52; and (e) the veriation in climatic condi-
tions at the fields investigated did not appear to
nave any effect on the operational characteristics
of the aircraft in relation to takeoffs and landings.

16, As a result of the two 1nvestigationsh’5 discussed in parae-
graphc 13, 14, and 15, the concept of wander was introduced., Under
this concept, the width of the traffic lane, in which 75 percent of
the traffic falls, is not specified as a constant dimension (7.5 f%
for taxiways and 38 ft for runways) but is divided into its components:
width of tire contact area wt » center-vo-center wheel spacing G ,
and wander W , where wander is defined as the maximum lateral movement
of a point on the center line of an aircraft about the center line (or
guideline) on taxiways or runways during operation of the aircraft.

Thus, equations 3 and " were rewritten as follows:

py Mgt e
(c)_ = 5T (for taxiways) (5)
t t
+ 05 + W

u
(E)r = -()—.,ﬁm (fOl' runwayS) (6)

The B-47 aircraft was nsed to develop new equations for determining p/c
ratios. Specific values for the B-U7 landing gear (fig. 6) were used
to divide the traffic lane width {mumerator of equations 5 and 6) into
its components as shown in fig. 7. For the B-LT with a tire width W
of 14.3 in, and a center-to-center wheel spacing & of 37 in., the
wander for taxiways % 1s 38.7 in.; for runways, W i: LOL.7 in,
These values for wander for the B-L7 were rounded off uc %0 and 410,
respectively, and were used in revisions of equations % wnd 6 as

t

follows:

W, +5 + 40

t !
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14.3IN.

——

1

Fig. 6. Twin bicycle gear configuration
for B-U4T aircraft

P W, + S+ %10
(c)r BECICRE (for runvays) (8)

Comparison of p/c ratios determined througn use of equations 7 and 8
with similer ratios based on actual traffic indicated that p/c ratios
determined through use of equations 7 and 8 do not agree very well with
those determined using actual traffic distribution. Since very little
actusl traffic distribution data were available for further development,
equation 7 was adopted for further use in deternmining p/c ratios. This
eauation is currently used to determine p/c ratios fcr all aircraft for
both taxiways and runways.

17. In pvblications prepared by the Air Force Systems Command at
wright-Patterson AFB, Ohio, the U, S. Air Force has proposed several
variations of equation 7 for use in determining p/c ratios. The Air
Force has concluded that (a) a large percentage of aircraft landings are
made at reduced loads and that traffic resulting from landings is of

13
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a. TAXIWAY (CHANNELIZED TRAFFIC)

LEGEND
& CONTIN-TO-CENTIR WHEEL SRACING, It

__i W, WOTHOF TR, IN.

Wi 3m. Wy WANDER ON TANIWAY, IN.

Wy WANDEIR ON RUAWAY, iN.

Vigg WIDTH OF TRAFPIC ARLA AICEWVING
15 %/ OF TRAFFIC

0

I
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b. RUNWAY (NONCHANNELIZED TRAFFIC)

Fig. 7. Traffic lane rcceiving 75 percent
of B=L7 aircraft traffic
small consequence, ard (b) that wander of a fully loaded aireraft for
takeoff is about the same ns wander along the taxiway. One Air Force
wblics.tions suggests the use of the following equations for detecmining
p/c ratios:
E+8 +
(®) - e
¢ 0. :{H k':‘1

(for main gear) (9

1k
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D+8 +w
- (%) = m@ (fOl' nose gear) (10)

The terms in these equations are identified in fig. 8. The p/c ratio

for a particular aircraft (for taxiway or runway) is the smallest ratio
resulting from either of these equations.

000 0004

MAIN GEAR
|
2
NOSE GEAR
D4004w, P/C PASSES PER COVERAGE
VAR ARSEWBLY: $/C = (©.78) (Woa) (") Ny NUUBER OF TINES PER MAIN GEAR
Noy NUMBER OF TIRES PER NOSE GEAR ASSEMBLY
9¢80 WIDTH OF MAIN SINGLE TIRE CONTACT
NOSE ASSEMBLY: P/CE ...:_._t.*."_. e AREA Wy, =0.878 JAy
((RDICILY

Wy, WIOTH OF KOSE SINGLE T!RE CONTACY
AREA '. z20.872 "‘A“

Ay SINGLE TIRE CONTALT AREA OF MAIN
Tnes

Ap SINGLE TIRE CONTACT AREA OF NOSE
TIRES

Fiz. 8. Sugpested Air Force method for determinin; psss-per-coverage
ratio {from reference 6)
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Discussion of Operation levels

18. 1In the past, design and evaluation criteria for pavements
were prepared for capacity cperation. Capacity operation is defined ‘n
the Barksdale report2 as:

«oothe maximum traffic that can possibly operate
on an airfield for a period of about 20 years. The
daily operations mey be assumed as varying from 100
cycles of landings and takeoffs for the wery heavy
airplanes to 1500 cycles for very lightweight planes.

Subsegue:tly, it became necessary tc develop criteria for less than ca-
pacity operations such as short-term military operations. Furthermore,
at the time that center~line striping became commcn, the effects of chane
nelization had to be ~onsidered. These factors were discussed in tue
letter, "Revised Coverage Criteria,” and the following was presented.

Headquarters, U. S. Air Force hzs surrested using
about 6600 operations per year for B-i47 ai. raft fields,
This suggests the following:

coverages
Time Period Operations Channelized lNonchannelized
2 weeks P 119 2
¢ months 3,300 1,540 30k
2 years 13,20v 6,160 1,270
10 years 66,000 30,800 ¢,080

Using these data and attempting to establish reason-
shle ranges for coverages, operations and evaluation
of loads and at the same time ircorporating as much
existing data as poscible; the following has been

derived.
Coverages Operations
Operatioral Time Non= sione
Category _FPeriod Channelized channelizeil Channelized channelized
Capacity 5«10 yrs 75,000 5000+ 50,000 50,000
Pull 1.0 yre 5,000 1000 10,000 10,000
Minimun Lad mos 1,000 200 2,000 000

Emergency  7-3 wko 2¢0 4o 400 L0

* These to be indicated only as "unlimited.”




1¢. The tabuiation on the preceding page has been used to define
operational categories up to the present. However, these values ar¢ no
longer realistic because many airfields, both military and civilian, are
carrying a considerably greater quantity of traffic., Thus, in the fu-
ture, design and evaluation curves should be preserted in terms of air-
eraft passes (operations). In this case, the p/c r>tios will normally
be required only to convert test section traffic in terms of coverages
into equivalent aireraft traffic in terms of aircraft passes.
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PART III: DEVELOPMENT OF REVISED TRAFFIC
DISTRIBUTION CONCEPTS

20. The discussion in Part II has shown the current stage of
development of traffic distribution concepts. Statistical methods have
been used to make a more fundamental study, which resulted in the de-
velopment of improve.. traffic distribution concepts desceribed in the
following peragraphs.

21, A fundamental assumption wus made that airfield traffic is
normally distributed rather than uniformly distributed as formerly
assumed (fig. 3). For a large number of aircraft passes, the statisti-
cal representation of the lateral placement of the center line of the
aircraft may be as shown in fig. 9. The general shape is assumed to be
normal, but the specific shepe depends on the standard deviation o .
The specific shape can also be described by prescribing the wander width
W , which is defined as that width over which the center line of air-
craft traffic is distributed 75 percent of the time. As will be shown
later, wander widths of 70 and 140 in., respectively, will be used .or
taxiways and runways. These values represent the best values obtainable
from existing dats and are subject to change.

22, The concept of coverage has been revised for this work. It

FREQUENCY ARCRAFT CENTEIR-LINE PASSES PEN IN. OF WILTH, P L}
OR TIRE CENTEN-LINE PASSES PER IN. OF WIDTH, Py li}

TOYs. AREA UNDER CURVE®
aIPLE fl‘(,)m

TOTAL CROSSMAYCHED ARCAS
80,

0rs "l / ’Q(.)m-ovs »,

118G,

//<jx :;%;V«;‘},c;;_
éz;{’f&{/ o ;<j
}l /4’/1%1 f/I/Jv:;A .

ROIOTTID X 130‘; e LISC,;
o ey - .'. ————— b 81 .
LATERAL 'LACI‘NY OF AIRCRACY OR TIRE C(NYI' LING, 1N

Fig. 9. Theoretical normal distribution of aireralt traffic
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was assumed that coverage represents the maximum number of tire prints
or partial tire prints applied to the pavement surface at that point
where maximum accumulation occurs. Referring to fig. 9, the curve also
represents the distribution of the center line of one wheel on the air-
craft, Then, when the wheel center line is at a = -(wt/é}, wheel passes
accunulate at O, Similarly, when the wheel center line is between

a = -(wt/?) and b = +(wt/@) accurmlations will oceur at O. By inspection,
the maximum number of accumulations will occur at O and is equal to:

L

2
c = [Pt(i) di

Wt

This is approximately (Ci)(wt).

23. There is an inherent assumption that the effect of the edge
of a tire at O is as detrimental as the effect of the center of the
tire at 0. This is not necessarily so, and a further refinement would
be to use a location wrighting function o s which would change as the
tire center line is moved from the point under consideration (in this
case, point 0). The location weighting function would be 1.0 when the
center of the tire was directly over the point of maximum accwmlations
and less than 1.0 as the tire location was moved., Furthermore, it may
well be that a tire at location ¢ for example, although not accumila-
ting tire prints at 0, could be contributing detriment at point O.*
Then, the coverages could be defined as:

N

¢ = /[Pt(i)a(i)] ai

** this time, this refinement will not be considered and the simplified
definition ¢ = (Ci)<wt) will be used.
=k, The method can now be extended to an aireraft having many

* lYote also that this is even more true at increasing depths, such as
at the surface of the subgrade, etc.
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vwheels. The wheel path patterns, such as in fig. 9, are added greaphic-
ally, and the coverages for the particular aircraft can be determined.
The area (A) under all the distribution curves represents the total num-
ber of wheel passes, From this use, the p/c ratio can be determined as
described in the following paragraphs.

25. The standard normal distributior. (SND) curve is shown in
fig. 10. Properties of this curve are tabulated in various publications

)

FREQUENCY: OBSERVATIONS PER UNIT
WIDTH, $(Z)

Cy 20.999
TOTAL AREA UNDER CURVE =

$(@ ez =1.00 i
- !

)

Gy 2100
LLLLLL /l

ROTO7TISE -8 [X1)
= "y =

TOTAL CROSSHATCHED AREAT
s

[ s@ar=ors

Fig. 10. Standard normal distribution (SND) curve

(for instance, reference 7) and these tabulated values can be used to
determine the properties of general normal distributions GND. 1In the
SND,

Standard deviation, ¢ = 1.0

Area under the curve, A = 1.0
Maximum ordinate, Cz = 0,399

and 75 percent of the area under the curve lies between -1.15 < 7 < +1,15,
The GND of aircraf. traffic can be related to the IND curve using the
substitution

where

Z = a variable in JiD




x = a variable in GND
o, = standard deviation in GND
u = mean value in GND
The GND is shown in fig. 11 for a wander width W of 70 in. Tharefore,

FREQUENCY' AIRCRAFT PASSES PER IN. OF
WIDTH, B (x)

Crr &-:%-aan]

TOTAL AREZA UNOER CURVE s
fP‘(l)dntoo
-

TO;:L CROSSHATCHED / REAS

[ rmaxzo7s
-35

% FOR 70-W WANDER

Gy =20.42°
LLd s Ll /{
ED)
ol

ROTOTTISF -38
70 V.

-y
LATERAL PLACEMENT OF AIRCRAFY CENTER LINE, IN

Fig. 11. General distribution (GND) curve for aircraft traffic

75 percent of the wheel paths will be distributed between +35 and =35 in.
Hence, using the above substitution with u =0,

1.15 =,§2_:_9
g
X
o. = 30,43

Note that as the wander is changed, Oy changes also and must be recal-
culated as shown above. Now the SND curve has the equation

2
Z) = . /2
pz) ==

where @(Z) = standard normal density function. The GND curve has the
equation

-1/ (x.u/,,x)"

e

Pt(x) =

1
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which, using the substitution Z = (x - u)/o , becomes

Py(x) = 2= [#(z]

i M L L e g T
pa— - Qi 4

and c
. -9;582 =
Cx = o = 3003 © 0.0131

where Cx = the maximum ordinate of GND. Also,

the area under the GND curve =

=
&

1
—
quk‘
|
™=
~~
5
<
2
(3]

. f #(z) az

i
)
H
{
1
= 1,00 §
i
i

26. The theoretical normal distribution can now be applied to
real aircraft. Consider, for example, an aircraft with singlc-wheel
tricycle gear (fig. 12). Plotting the theoretical distribution of each
wheel and superimposing the patterns, the distribution of fig. 12 is f
A obtained. Craphical asddition of these curves does not result in an in- !
crease in the value of the maximum ordinate Cx . Therefore, the total :
area under the curves equals two wheel passes or one alrcraft pass, and
the maximum coverages equal (Cx)(wt)' Thus

wp

§= Cxl\‘.‘.’t (22) (11)

27. Ac the wheel spacing S becomes smeller, a pattern such as
that shown in fig. 13 is obtained. In this case, a graphical addition
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WHEEL BASE —»
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MAIN GEAR WHEEL

W

~SINGLE -WHEEL SPACING

FREQUENCY: CENTER~
LINE PASSES PER INCH
OF WIDTH, R=(X)

€ 20.0/8/

CROSSNATCHED AREA IS
EQUAL TO 75% OF
AREA UNDER CURVE

Ox = 30.43

RO707718G LATERAL PLACEMENT OF WHEEL CENTER LINE, IN,

Fig. 12. General normal distribution for nonoverlapping wheels for
the tricycle landing gear shown above
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of the overlapping wheel path patterns gives the cumulative curve. The

area under the curve equals two wheel pasces or one aircraft pass as be-

fore. Now, however, the maximum coverage is the maximum area under the
cumulative curve within a width of wt « This value will not necessarily
occur under one wheel but must be determined in both magnitude and loca-

tion. The maximum area may be as shown by the crosshatched area in

fig. 13. Such a refinement is not considered warranted, and, for sime

plicity, the value (C"c)(wt) is taken as coverages. C . must be Ob-
P

tained graphics2lly. The determination of Cxc could easily be pro-

grammed to be determined using a computer, but this has not been done
since this determination need be made only one time for each aireraft,
Thus

Xc

‘gﬁfﬁ(%) (12)

28. As an aid in determining the maximum ordinate Cxc on cumie

lative traffic distribution curves for two wheels, fig. 14 was drawm,

i ——— :
O30 AT DERC SRACING \ 0.0:3 AT 100 iN. OB GREATER SPACNG
o.0t0 '
208 ~wl:1~m\
S : ) o Tt
e . e QOBSS AT 200 N O AL ATI R swm-}
| i |

‘ “o [ 0 0 ) 100 120 140 0 wo 200
: a00TNSE CENTEA-TO-CENTER WHEEL DPACING §, N,

Fir. 4. Maximum ordinate on cumulative traffic dictritution curve
for two wheels versuc wheel spneing
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This figure shows Cxc versus wheel spacing for wander widths of 70 and
140 in., For a wander of 70 in., Cxc = Cx = 0.0131 when the wheel spac-
ing is greater than 100 in. (nonoverlapping wheel paths). When the
wheel spacing is zero, C , =2C = 0.0262 (tendem assembly). When the

XC
wheel spacing is greater than zero and less than 100 in,., Cxc can be
read from fig. 14, For a wander of 140 in., Coo = <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>