
AD-765  435 

LATERAL  DISTRIBUTION  OF  AIRCRAFT   TRAFFIC 

Donald   N.   Brown,   et   a 1 

Army   Engineer   Waterways   Experiment   Station 
Vicksburg,   Mississippi 

July   1973 

"N 

DISTRIBUTED BY: 

National Technical Information Service 
U. S. DEPARTMENT OF COMMERCE 
5285 Port Royal Road, Springfield Va. 22151 

JBtWfti^fti'iiWlMim^fwwMiM'i^^ ., s 



IC 
00 

Q 

MISCELLANEOUS k-APER S-73-56 

LATERAL DISTRIBUTION OF AIRCRAFT 
TRAFFIC 

by 

D. N. Brown, O. O. Thompson 

•    v ^ ' A. 

l i II til 
„,„. : - «•■■••v. 

.Jl-aca, ii >IIIWP "«"■- ■ 

 -- -- «^.E*\*=   «r ^geüumttdUi 
«■     HS '"VA*» • 

- « :k! "  j»^-f?**>r- » 

Mr?!**"^' 

iN' 

July  1973 

Spontortf &y  Office, CKiaf of Engineers, U. S, Army 

Conduct«! by U. S* Army Engineer Waterway* Experiment Station 

Soils and Pavements Laboratory 

Vtcksburg, Mississippi 

APPROVED FOR PUBLIC R£UASE; DISTRißUTIO« UHUMFftO 



THIS DOCUMENT IS BEST 
QUALITY AVAILABLE. THE COPY 

FURNISHED TO DTIC CONTAINED 

A SIGNIFICANT NUMBER OF 

PAGES WHICH DO NOT 

REPRODUCE LEGIBLYo 



Unelassified 

m 
&£mmmtmT*QLt>xtk**ti> 

 ' *r ^\ gSS^S^^S&S ** ssssa *r* ggaai sassäs »»** SL^ggggz jfej^gsaeggjjgB^g ■   ■   ■ 
Unclassified U« 3, Afjjy Engineer Waterways Kxperiaent Station 

ViefcsBurg* Mississippi 

lATSfiAL DISTRIBUTION OF A7RCRWT TRAFFIC 

ptJ'<öBw#" 

Final report 
SOBR BE SMSMSS? 

Donald in Brown 
Owen 0. Thompson 

mwto.Tt 

July 197^ <1 
V1 SBIISITIIMBEH f SSTJ   —"— 

••MEDPCC Pr^^rnm Task Off 

* Work Unit 002 

#*•«§ !**. *©   •*> Wt« 

9 

Miscellaneous Paper Q-73-S6 

3 <**?«»SSB«T»J3SS7E5•*w«L^'iM^i*«M<iSMr 

Approved for public re lose; distribution unlimited. 

ii. luIJkltUit'V*«* »*o*«»' it. wmwmiBCffH» *ct«vtrv 

Office, ''hief of Knüineers» U, 
Washington» D* C. 

^rsy 

i mtwn "  " "' ' " " — 
- In the development of pavenent desi;n and evaluation criteria for aircraft with 

eoraplex ^ear couflroratioru: (r.'-5/, 3-Y1»"', etc«)» it has teen reveaieä that current 
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KC-97, and KC-i3>),    In this manner, mure realistic par:>to»eovcra«re \p/c) ratios 
have been developed for r-ait currently used aiJUtarv a»] civil aircraft.   The revised 
p/e ratios are presented an.-" are recoTisaenied for uce In pavement vtasign Mad evaluation 
criteria.    The amount of actual traffic  liotrlbution data is recoilgod to be minimal, 
and additlonel data for new rer.crations of aircraft are needed to verify or revise 
the presented p/c ratio«1. 
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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 0?, Work Unit 002, Evaluation of Existing Airfields for 

C-5A Operations, 

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 by Dr. 0. 0. Thompson and 

Mr, D. N. Brown during the period June 1970-July 1971. This report was 

written by Dr. Thompson and Mi*. Brown. 

COL Ernest D. Peixotto, CE, was Director of WES during tie conduct 

of this study and preparation of this report. Mr. F. R. Browi: was 

Technical Director. 
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NOTATION 

AircraTt 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 

Center-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 passes 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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wp 

W 
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Wt 
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X 
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ai 

Mean value in GND 

Wheel passes 

Maximum lateral movement of a point on the center line of an 
aircraft about the center line (or guideline) on runways and 
taxiways, respectively, firing 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 $W 

Location weighting function 

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 

icetrie units as follows: 

Multiply JL To Obtain 

inches 2.54 centimeters 

feet 0.30M3 meters 

square inches 6.ty?l6 square centimeters 

pounds (force) per square inch 0.689**757 newtons per square centisseter 

ix 
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SIMfAHY 

f. 

In the development of pavement design and evaluation criteria 
for aircraft with complex gear configurations (C-5A, B-7**7» etc,)? it 
has been revealed that current procedures for relating aircraft opera- 
tions (passes) to pavement coverages (stress and/or deflection repeti- 
tions) are cumbersome and inaccurate* 

The procedure for converting aircraft passes 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-Vf, 
B-52, KC-97, and KC-135)» In this manner» more realistic pass-to- 
coverage (p/c) ratios have been developed for most currentjy used 
military and civil aircraft. 

The revised p/c ratios are presented and are recommended for use 
in pavement design and evaluation criteria. The amount of actual traf- 
fic distribution data is recognized to be minimal, and additional data 
for new generations of aircraft are needed to verify or revise the 
presented p/c ratios. 
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PAET I: IHTH0L.'JCT10:i 

1. During the early stages of development of criteria for the 

design and evaluation of pavemsnts, it bee*»?»? apparent that a method of 

accounting for repetitions of traffic was needed. To steply count the 

number of aircraft using an airfield facility is not adequate. The in- 

cremental detriment to a pavement caused iy a particular wheal of a 

particular aircraft at a particular location is Influx ved wy tiany fac- 

tors. Some of these factors are: (a) number of wheels» 'V) tvheil con- 

figuration, (c) load on each wheel, (d) tire contact pre&sure, ;e) lo- 

cation of aircraft on the pavement, and (f) previous loading tü*vtXty« 

2« In an attempt to normalise these various factors 50 that on* 

number could be obtained to reflect their collective kitluencc on the 

total system of design and evaluation, the concept of coverage;; was in- 

troduced. As a result of different assumptions and development proce- 

dures used in analyzing results of traffic tests, the term "courage" 

has different meanings for ri^id and flexible pavements. Fo*' rigid 

pavements, coverage is a measure of the number of maximum stress tppli- 

c at ions that occur within the pavement due to the applied trafu.e. A 

coverage occurs when each point in the pavement within the limits oi Iho 

traffic lane has been subjected to a maximum stress, assuainß that the 

stress is equal under the full tire print. For flexible pavementsf 

covt*r*u?e is u  «ensure of the number of max'inum stress applications that 

occur or, the surface- of ths pavement due to the applied traffic. A 

coverage occurs when all points on the pavement surface within the 

traffic lane have been subjected to one application of maximum stress, 

assuming that the stress Is equal under the full tire print. Thus, for 

Instance, a twin-taiider* /ear would produce two applications of stress on 

the surface of a flex Hie pavement hut would produce only one maximum 

stress application within a rigid pavement if trie tandem spacing were 

small and two maximum stresses if the tandem spacing were large* For 
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this study, the definition of coverage as applied to flexible pavements 

was used for the development of aircraft pass per coverage (p/c) ratios. 

The adjustment for multiple 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 tLickness requirements. 

Traffic on the test sections is programmed so that successive wheel 

paths do not overlap and an accurate determination of coverages can be 

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 ratio used on the test section and that occurring on the 

actual facility as* different. Since the random traffic on an airfield 

can only be conveniently counted as aircraft passes, the development of 

the p/c ratio was essential so that te*t section relationships could be 

applied to airfieid pavement design or evaluation. 

k,   T^ background leading to the development and application of 

the current method for determining the p/c ratios is presented herein, 

and it is shown that these p/c ratios, especially for aircraft employ- 

ing .soapXex gears, do not produce distributions that agree well with 

those developed from actual measurements and observations. Therefore, 

a new method for determining the p/c ratio was developed and used to 

compute p/c ratios for most of the currently used military and civil 

aircraft. 

1 ■ turn 
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PART II:    THE ÜltVELOBOTT OF THE CiBRENT PASS/tOVERAGE RATIO 
£ 

Historical Background 

5. In one of the earliest (19^2) pavwment test sections, Stockton 

No. 1, accumulations of traffic were simply reported as wherl load repe- 

titions,1 The moving wheels were programmed so that three nonoverlapping 

hut (theox. t-cally) touching wheel paths were obtained. That is, for 

every three passes of a wheel, every point on the traffic lane was sub- 

jected to the print of a wheel one time (fig. 1). 

omcrro* or T»*»*K m ttotno 
!"TO      mmrntrfK at« 
>.-'.*:      T»»»rie AM* 

♦ flCEL MSS «WK* 

I.», T.tf.fTC 

i,J. ».U, tTC 

J. 4. ».10, ITC 

Fig. 1. Typical test section application of 
nondistributed single-wheel traffic 

6. The next significant test section was constructed at Barksdale 

Field in Vjkk.1"   In 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 load 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 follow such a 

methodical pattern. Furthermore, it has been proposed, with substanti- 

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 k receive equal amounts of the applied traffic, and 

the other paths receive less. The maximum number of coverages (occur- 

ring in wheel paths 3 and k)  is recorded during testing and at failure. 

The number of coverages in the other lanes is of no consequence, as these 

iiiiMiiMi »ninnrrt^itrfWr-tohiffi !»■■ iriiiimnii ■ mmm my mill 
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Fig. 2. Typical test section 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 failure 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/c ratio, and the 

test track coverage versus thickness relations can be applied directly 

to the airfield facility. 

9* The p/c ratio, sor«?times called operations per coverage (o/c) 

ratio, was first dencrihed in a letter entitled "Design Curves for Less 

than Capacity Operations," dated 18 April 19*+9.  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 taxiways, and a cycle of 
operation (one landing and one takeoff) applies one pass 
to each taxiway and two passes to hhe 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  ft* 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 !£•$ 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 converting British units of measurement to 
metric units is presented on page ix. 

h 
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c(taxiways) = 
0.75BNWt 

12.5  X 12 

0.75(2B)NWt 
c(runways) =  25 x 12 

where: 

c = coverages 

B = total number of cycles of operation 

N = number of wheels in each main landing gear* 

W. = 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 runway is equal to 

200/foWt . 

10. The assumed uniform distribution of traffic described above 

is shown graphically in fig. 3a for runways and fig. 3b for taxiways. 

The equation for p/c can be determined mathematically as shown in the 

following paragraphs. 

11. Consider an aircraft with single-wheel tricycle gear (see 

fig. k).    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 ?5)At wheel passes wp will be required to 

produce one coverage of the width ab . Thus, the average number of 

wheel passes per inch P - [(12  x ^)/WJ[l/(12 x 25)] - lAr
t (wp/in.) . 

That is, the ordinate after one coverage is 1/tv. (wp/in.) and the 

ordinate after cf coverages is z\AL  (wp/in.) or the coverages after 

the total number of passer, for each wheel p* is (c'/tf.) W, - c' (wp) . 

Now, considering both gears, the total number of wheel passes - 2p'(wp) , 

but one aircraft pass equals two wheel passes, and the maximum ordinate 

has not changed. Thus, by definition 

In normal operation, the load on the nose gear wheels is considerably 
less than that on the main gear wheels, and traffic generated by the 
nose gear wheels is of :ninimum consequence; therefore, the nose gear 
wheels have been consistently ignored in traffic distribution studies. 
The p/c ration discussed and presented in this report are not rele- 
vant to nose gear wheel traffic. 

-^.■^■fa^jii^'^ -:.t *g™ '■?"•■_: 
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LESEND 
wt   WIDTH or "IRE PRINT, INCHES 
p*     TOTAL NUMBER OF PASSES FOR EACH WHEEL 
p     WHEEL PASSES PER INCH 

Hh- 
Mfttf- 

TOTAL AREA «1.00p* 
CROSSHATCHEO AREA«0.7Sp' 

t*xt$ m. 

LATERAL PLACEMENTOF CENTER UNE Of WHEEL, IN. 

q. RUNWAY 

*H H 

T*£AO- 

TOTAL AREAsi.OOp* 
CROSSHATCHEO AREA»0.73p* 

R07077ISA 

LATERAL PLACEMENTOF CENTER LINE OF WHEEL,IN. 

b. TAX8WAY 

Fig. 3.   Theoretical uniform distribution of aircraft traffic 
on runways and taxiways 
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2 -, total number of aircraft passes /am 
coverages w?/ 

= 4(52) 
c1 V*P/ 

However, from fig. 3a: 

wfä) (12 x 25) 

,      c'{32 X 25) 
p * (o;75J(wtV 

Thus 

P     £1Ü2X25) 

0,75(Wt) Vvp/ 

12.    Consider now a bicycle gear with   N   wheels per gear and neg- 

lect the outrigger wheels.    The maximum ordinate is now   (c'/KW^Jfwp/in.) . 

For one main gear, the total number of wheel passes equals    p*    and the 

number of gear passes (gp) equals (p*/tt)»    For both main gears, the total 

number of gear passes equals (yp'/Ofßp) but one aircraft pass equals two 

gear passes and the maximum ordinate has not changed.   Thus, as before 

2 _ total number of aircraft passes /ag\ 
c ~ coverages \wp/ 

-»)<-> I (5)(9)ft)(4) 
-£ (ä) 

However, from fig. 3a: 

*wp; 

0.75P1 

p' 

= (wt) 
(r? x 25) 

c'Qg x 25 
0.75(N)(W. 

8 
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Thus 

2 C(l2x 25) 
c " c'(0.75)(K)(Wt) 

12 x 2l)      (a£\ 
= 0.75(N)(WJ Vwp/ 

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: 

where p/c denotes aircraft' passes/coverage ratio, c has units of 

wheel passes, N denotes number of wheels of etch main gear, and W. 

denotes tire width, in. 

13. In order to obtain actual traffic distribution data, a count 

of traffic at four B-U? bases was conducted and reported in 1956.  Of 

particular interest was the influence of traffic distribution following 

center-line stripes (traffic guidelines), which had become common and 

had led to a considerable decree of channelization of traffic. It was 

reported that 75 percent of the min £*ear traffic on the straightways 

of taxiwayc fell in n. lane 7.5 ft wide (see fig. 5). For most takeoffs, 

the main gear traffic occurred in an area with a width of about 30 ft 

at runway ends. The data for the reference h  study were collected for 

B-U7 and KC-97 aircraft. 

lU. Ac a result of this study, a letter dated 6 January 1956* 

was written recommending a revision of coverage criteria for capacity 

operation. It was suggested that the p/c value for nonchannelized 

traffic should be five times the value for channelized traffic. This 

multiplier was selected because: 

* U. 3. Army Engineer Waterways Experiment J3 tat ion, CK, "Revised Cover- 
age Criteria,"' Letter to the Chief of Engineers (EAGER), 6 Jan 195^. 

jgfcjgaMi^afläMiaiitiigMiteMaMfe««i maüa    I, iemmM attaaüah „v,,^... ., 



; ?A ■>'* '  v"~' 

,&&/mtm<M*>tmix*#&-3<a*K*'»»..i*->*> 

SNOUVAÖ3SQO JO iN3Dö3d 

/0 

liiilfffTirivlpiH rfiifJ-»i-rimri j^Me^ts^i^^ä/^^^aBäBäSsäMM 



ygjggaBijpysgiiB?*'"?^^ 

aaauwwMiwawwww ■umi—H HW^UHMBUI mmmmmm 

The channelized traffic report shows 75 percent 
of E-^7 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- 
wheel-span aircraft of that time meant a 25- to 30- 
ft wander width. This was for 150-ft 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: 

(IX = öM(hf\)     (for runv,ays) 

Thus, the p/c ratio :or the B-U7 was calcux^ted as follows: 

(3) 

Wt - Ik.3 in. 

N = *4 

IN 

(!)r ■ (oig|$k3) ■10-63 for «"»• 
15. A second üurvey5 was conducted at seven Air Force bases to 

record the lateral distribution of B-U7, B-52» KC-97, and KC-135 air- 

craft (see plates 1-8). The conclusions of this study are quoted in 

part as follows: 

It is concluded that: (a) channelized traffic 
occurJ on runways during takeoffs and to a lesser 
extent during landings; (b) the width in which chan- 
nelization of B-U7 traffic occurs on runways is about 
three times rreater than the width (7.5 ft) in which 

11 
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.      w. + s + w 

111.= o.umo   (for taxiways)     (5) 

(2) mhl 
W_     0.75 

+ w 

TNTTO     (for rmways) 

The B-^7 aircraft was used to develop new equations for determining p/? 

ratios. Specific values for the B-U7 landing gear (fie* 6) were used 

to divide the traffic lane width (numerator of equations 5 and 6) into 

its components as shown In fie» 7. For the B-k7 vith a tire width VL 
of 1**.3 in. and a center-to-center wheel spacing 5 of 37 in., the 

wander for taxiways W is 38.7 in*; *or runways, W is UoU.7 in. 

These values for wander for the B-U7 were rounded off cc ho and UlO, 
respectively, and were used in revisions of equations 5 <>nd 6 as 

follows: 

/D\  
wt * G * k0 

r 

it occurs on taxiways; (c) the B-52 tends to use I 
about the same width of runway as of taxiway; j 
(d) due to their gear layout, the KC-135 and KC-97 j 
travel in a slightly wider path than do the B-^7 I 
or B-52; and (e) the variation in climatic condi- { 
tions at the fields investigated did not appear to j 
have any effect on the operational characteristics I 
of the aircraft in relation to takeoffs and landings. j 

16* As a result of the two investigations ' discussed in para- ! 

graphs 13, lU, and 15, the concept of wander was introduced. Under j 

this concept, the width of the traffic lane, in which 75 percent of I 

the traffic falls, is not specified as a constant dimension (7.5 ft 

for taxiways and 38 ft for runways) but is divided into its components: j 

width of tire contact area W. , center-*co-center wheel spacing 5 , j 

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. 

Tims, equations 3 and h  were rewritten as follows: 

ä 9i»irefW«P%*H**.«WMtt« 
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/4.J/M 

0 0 
Fig, 6.    Twin bicycle gear configuration 

for B-U7 aircraft 

/ w   + s + Uio 
(c)r ° 0.ft(N)(wt)        («*™-V») C8) 

Comparison of p/c ratios determined through use of equations 7 and 8 

with similar ratios based on actual traffic indicated that p/c ratios 

determined throu$i use of equations 7 and 8 do not agree very well with 

those determined using actual traffic distribution. Since very little 

actual traffic distribution data were available for further development» 

equation 7 was adopted for further use in determining p/c ratios. This 

equation is currently used to determine p/c ratios fcr all aircraft for 

both taxiways and runways. 

17. In publications 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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0       0 

m±* 14.9 t* 
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0 
-firm   ■» -mM*t*r/»- 

-mf$*TgrT*§9m. 

a. TAX »WAY (CHANNELIZED TRAFFIC) 

-i/ i     9 mW» 
i        CtM1ft~T0~C!MTt* *M(tl SMCtNC, It«. 

«Jl|     WtOTMOVTtOf, IM. 

WK     WAMDI* OM TAKIWAV, IM. 

Wr     WAMOtft OM ftVMVAV, «N. 

«M  «tOTM 0? TftAffIC A»CA «CCKIMM6 
T$«V. or tOArnc 

mt*i4.st* 

0 
firm -Wr »4*4 *t* 

fq'N^MUM 

b RUNWAY (NONCHANNEU2E0 TRAFFIC) 

N Fig. 7. Traffic lane receiving 75 percent 
of B-^7 aircraft traffic 

small consequence, and (b) that wander of a fully loaded aircraft for 

takeoff is about the sane as wander along the taxivay. One Air Force 

publication suggests the use of the following equations for determining 

p/c ratios: 

(!) 

B + 60 + V^ 
(for main gear) (9) 

li» 
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D + 80 + W, 

(!) ■ o.frCgKuft     (for ^ 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. 

MAIN GEAR 

NOSE GEAR 

MA** ASSCUtLY :   P/C • 

NO»E AfttCUSLv     K« 

MI0 4*M 

(0W)(NM)(WM) 

9+00 + ** 

P/C    PASSC» MW COVKHAftC 

NM    MUMKR Of TlttfS »Eft MA'.N GCA» 

HH    NUUKR Of TI0f$ ft» N01C «CAR At St MOOT 

Wk,     WOTM Of MAIN UNCLE Tt«C CONTACT 
AJtf A «y « 0.070 ^J 

WM    WIOTH Of NO»! SINOLt T!« CONTACT 

AUCA W„ »O.C?* V'SN 

AM     ItNOLl TIM CONTACT AOCA Of MAIN 
TlOf» 

AN    fclNOLC TltC CONTACT Aftf A Of NOlf 
TIOCS 

Fig. 8.   Suggested Air Force method for determining pass-per-coverage 
ratio {from reference 6) 
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Discussion of Operation Levels 

I £ 

i 

18. Ia the past, design and evaluation criteria for pavements 

were prepared for capacity operation. Capacity operation is defined in 
o 

the Barksdale report4" as: 

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

Subsequently, it became necessary to develop criteria for less than ca- 

pacity operations such as short-term military operations. Furthermore, 

at the time that center-line striping became common, the effects of chan- 

nelization had to be considered. These factors were discussed in tue 

letter, "Revised Coverage Criteria," and the following was presented• 

Headquarters, U. S. /ir Force h&s su nested using 
about 6600 operations per year for B-^7 ax.* raft fields. 
This suggests the following: 

Coverages 
Time Period Operations Channelized Nonchannelized 

2 weeks 2$k 3.19 2k 

6 months 3,300 1,5^0 30»* 

2 years 13,20J 6,l60 1,2^0 

10 years 66,000 30,300 6,080 

Using these data and attempting to establish reason- 
able ranges for coverages, operations and evaluation 
of loads and at the same ti»se incorporating as much 
existing data as possible, the following has been 
derived. 

Coverages Operations 
Operational 
Category 

Time 
Period Channelized 

Non- 
channelized Channelized 

Son» 
channelised 

Capacity 5-10 yrs ?5,000» 5000' 50,000* 50,000* 

Full 1*: yrs 5,000 1000 10,000 10,000 

Minimum fe-6 aos 1,000 ;>oo ^,000 ;\000 

Emergency ?-3 *ta ?C0 Uo uoo UOC 

*   These to be Indicated only as "unlimited/ 
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19. The tabulation on the preceding page has been used to define 

operational categories up to the present. However, these values are no 

longer realistic because maxiy airfields, both military and civilian, are 

carrying a considerably greater quantity of traffic. Thus, in the fu- 

ture, design and evaluation curves should be presented in terms of air- 

craft 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 aircraft traffic in terms of aircraft passes. 

17 
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PART III: DEVELORffiNT 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 described in the 

following paragraphs. 

21. A fundamental assumption was 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 shape depends on the standard deviation a  . 

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 lUo in., respectively, will be used Aor 

taxiways and runways. These values represent the best values obtainable 

from existing data and are subject to change. 

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

mcQucNcv AiftcitArr CCNTER-UNC PASSES m IN. or w*TH,iyil 
OK Tlftf CCNTtH-LtMt »ASStS PCR IN. Of W«TH. *«<ll 

TOTAL A« A UNDO* CUWVC« 

TOTAL CHOSSMA^CWO A«A* 

oni;,! /P«#«I»O?SI>> 

-use. 

MMO'TOO -1.1*$           •       ©       *       .     iiiO\ 
K„... ..„«j, H 

tATt»*t H.ACCHCNT OT AlWCHA. T Off TM»C CCNTII* C»NC, IN 

Fig. 9. Theoretical normal distribution of aircrai^t 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 = -(W./2) , wheel passes 

accumulate at 0. Similarly, when the wheel center line is between 

a = -(W./2) and b = + (W,/2) accumulations will occur at 0. By inspection, 

the maximum number of accumulations will occur at 0 and is equal to: 

Wx 

c - 

wr 
(i) di 

This is approximately (C.)(W.). 

23. There is an inherent assumption that the effect of the edge 

of a tire at 0 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 weighting function a. , 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 accumulations 

and less than 1.0 as the tire location was moved. Furthermore, it may 

well be that a tire at location c for example, although not accumula- 

ting tire prints at 0, could be contributing detriment at point 0.* 

Then, the coverages could be defined as: 

0ft 

= f [Pt(i)a(i)] di 
-«ft 

■*■ this time, this refinement will not be considered and the simplified 

definition c = (C1)(Wt) will be used. 

P.k.   The method can now be extended to an aircraft having many 

* Note also that this is even more true at increasing depths, such as 
at the surface of the subgrade, etc. 
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wheels. The wheel path patterns, such as in fig, 9> sire added graphic- 

ally, and the coverages for the particular aircraft can be determined. 

The area (A) under all the distribution curves represents the tot^l 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 distribution (SND) curve is shown in 

fig. 10. Properties of this curve are tab\ilated in various publications 

1 
[FftCQUCNCV: OMCftVATtOMS PC* UNIT 

WIDTH, ♦ (I) 

TOTAL AftCAUNDCRCUMVC* 

00 

TOTAL CROSSHATCH! * AREA* 
1.13 

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. In the 

SND, 

Standard deviation, 0  - 1.0 

Area under the curve, A = 1.0 

Maximum ordinate, C = 0.399 z 

and 75 percent of the area under the curve lies between -1.15 < 7< < +1.15. 

The GND of aircraft traffic can be related to the SNB curve using the 

substitution 

Z = 
x - u 

where 

Z = a variable in END 
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x = a variable in GND 

a ■ standard deviation in GND 

u « mean value in GND 

The GND is shown in fig. 11 for a wander width W  of 70 in. Therefore, 

rncoucNCv »mcuAfT PASSES KR IN. or 
WIDTH, f\(») 

'''ft'tiH'*»« 
TOTAL AM A UNDER CUftVC« 

/*,(*)*« «too 

TOTAL CROSSHATCH» / MCA* 
is 

-3i 

# roM TO-* WANDl« 

LATERAL RLACCMENT Of AlRCRAfT CENTfR LINE, W 

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 -ÄiS 

ox = 30.1+3 

Note that as the wander is changed, c     changes also and must be recal- 

culated as shown above. Now the SND curve has the equation 

V2n 

where fi(Z)  ■ standard normal density function. The GND curve has the 

equation 

1   -l/P.  (x-u/0? 
Pt(x) - —4= e 

rV^ 
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which, using the substitution Z  = (x - u)/a , becomes 

pt(x) = A [^(z)] 

and 
Cx=r=%l=0-0131 

where C = the maximum ordinate of GND. Also, 
A 

the area under the GND curve = / Pt(x) dx 

CD 

|A^(z)]jxdz 

/ 
-a» 

0(Z)  dz 

= 1.00 

26. The theoretical normal distribution can now be applied to 

real aircraft. Consider, for example, an aircraft with single-wheel 

tricycle gear (fig. 12). Plotting the theoretical distribution of each 

wheel and superimposing the patterns, the distribution of fig. 12 is 

obtained. Graphical addition of these curves does not result in an in- 

crease in the value of the maximum ordinate C . Therefore, the total 

area under the curves equals two wheel passes or one aircraft pass, and 

the maximum coverages equal (C )(W*)« Tnus 

2 = 
c 

= T^g(if) (11) 

27.   As the wheel spacing   S    becomes smaller, a pattern such as 

that shown in fig. 13 is obtained.    In this case, a graphical addition 
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-*|      k-~ TIRE WIDTH (*+) 

W f | \ MAIN GEAR WHEEL 

"tir 
— SINGLE-WHEEL SPACING 

FREQUENCY: CENTER- 
LINE  PASSES PER INCH 
Of WIDTH, <%x(X) 

CjfMO.OIJI 

CROSSHATCHED AREA IS 
EQUAL TO tt% Of 
AREA UNOER CUHVE 

Gk*30.43 

R07077ISC LATERAL PLACEMENT OF WHEEL CENTER LINE, IN. 

Fie. 12« General normal distribution for nonoverlapping wheels for 
the tricycle landing gear shown above 

»o«mi»M 

r*£Oue*CK  WHCtL ctMTtß-Lm€ **$$£$ fi£ß mcHorwMN, Pt fit) 

.CWIULATIVt cwvg 

AREA UNOC* tACM  CURVE«1.00 
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Fig. 13« General normal distribution curve for overlapping single wheel 
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of the overlapping wheel path patterns gives the cumulative curve. The 

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

fore. Now, however, the maximum coverage is the maximum area under the 

cimiulative curve within a width of W. . 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 sim- 

plicity, the value (Cvrt)(Wt) is taken as coverages. Cvf%    must be ob- xC xc 
tained graphically. The determination of C   could easily be pro- 

XL 

grammed to be determined using a computer, but this has not been done 

since this determination need be made only one time for each aircraft. 

Thus 

2  -   L   (22\ 
c " (cxc)(v:t) W/ (12) 

28. As an aid in determining the maximum ordinate C   on cumu- xc 
lative traffic distribution curves for two wheels, fig. Ik was drawn. 

O.OX) 

0 ao 
aowTTtst 

•0*0:00 
csNTtft-TO-cctm» wHttL IMC» 

no MO 

TUu Ik,   Maximum ordinate on cumulative traffic distribution curve 
for two wheel? versus wheel snncinr 
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This f3.gure shows C   versus wheel spacing for wander widths of 70 and 
xt» 

lUO in.   For a wander of 70 in.,   C      « C   ■ 0.0131   when the wheel spac- 
XC     X 

ing is greater than 100 in. (nonoverlapping wheel paths). When the 

wheel spacing is zero, C  ■ 2C « 0.0262 (tandem assembly). When the 
Av        A 

wheel spacing is greater than zero and less than 100 in., C   can be xc 
read from fig. lU. For a wander of lUO in., C  = C = 0.00655 when 

the wheel spacing is greater than 200 in. (nonoverlapping wheel paths). 

When the wheel spacing is zero,, C  » 2C = 0.0131 (tandem assembly). 
XC      X 

When the wheel spacing is greater than zero and less than 200 in.,    C 

can be read from fig. lU.    Fig. Ik is applicable to the following gear 

configurations  (see wheel configuration diagrams in fig. k) without ex- 

ception:    single conventional, single tricycle., single-tandem tricycle,* ! 

and twin bicycle; and to the following gear configurations when the 

tread minus the twin-wheel spacing is greater than 100 in. (for 70-in. 

wander) or 200 in. (for 1*4-0-in. wander):    twin conventional, twin tri- 

cycle, and twin-tandem tricycle.*   In all other instances (when the tread 

minus the single-wheel spacing is less than indicated above) and for 

other gear configurations, it is necessary to determine   C       graphically 
xc 

as shown for the C-5A in fig. 15. 

29. The versatility of this method is demonstrated with the de- 

termination of p/c values for the C-5A and Boeing 7^7 landing gear 

wheel configurations as shown below for a wander cf 70 in. 

a. The C-5A gear configuration is shown in fig. 16. The 
theoretical normal traffic distribution curves for the 
wheel groups A or B and A plus 3 or B plus D are shown 
in fig. 15. By inspection, it can be seen that the maxi- 
mum ordinate for group A plus group C (or group B plus 
group D) is the maximum ordinate for the assembly. Thus 

For the main gear assembly, the total number of wheel 

* Note that for these gear configurationsf values of CXc 
ca^ be read 

directly from fig. Ik  for use in calculating p/c ratios for aircraft 
operating on rigid pavements. These same values of Cxc are doubled 
for use in calculating p/c ratios for aircraft operating on flexible 
pavements and landing-mat-surfaced and unsurfaced airfields. 
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Fig. 15. Theoretical normal distribution for main gear of C-5A» 
wander ■ 70 in. 

passes is 2k 9   However, 2k wheel passes equal 1 aircraft 
pass.   Thus, 

2      1  /ap\ 2U(wp) 1 /in.\ / 1 \ 
c    r* Vwfj ~i     (o.oK)(wt) VwV VW 

1 /ap\ 
" (0.086)(Wt) \vp) 

or, as before, 

laTc ̂ iBjr(3) (12 bis) 

b.   The Boeing Ikl wheel configuration is shown in fit% 17. 
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Fig- 16.   C-5A gear configuration 
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Fig. IT. Boeing 7^7 gear configuration 
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The theoretical normal traffic distribution curve for 
one-half the main gear is shown in fig« 18. The maximum 
ordinate on this curve is 0.0**2 resulting from one of the 
four twin-tandem assemblies. Thus, by inspection it can 
be seen that the maximum ordinate for the 7**7 assembly 
will be that resulting from one twin-tandem assembly 
where: 

C = o.ote 
xc 

This value could have been estimated, with reasonable 
accuracy, through use of fig. Ik since the minimum spac- 
ing between twin-tandem assemblies is approximately 
100 in.   For the main gear assembly, the total number 
of wheel passes is l6; however, 16 wheel passes equal 
1 aircraft pass.   Thus, 

2 
c k (3) *<*>TOTÄiy (£)<*••> 

(o.ote)(wJ (3?) 

and, as before, 

c     vC ̂ i(S) (12 bis) 

9*M 

i *«• 

rm*~ Htm*» Wf*H**9**l 

"t  

 V 

*4m*w**fU 

•r—-"■■■+■ f/    X f   •   ■'"t ytf^V-- 
tm*t*'i*<P*¥* / \ /    \       \ 

7       A !/    !    \i 
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Fig. Iß.   Theoretical normal distribution for main #ear of Boeing 7*7, 
wander » 70 in. 
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PABT IV: COMPARISON OF METHODS OF DETERMINING 
PASS/fcOVERAGE VALUES 

30. In Part II, the current method for determining p/c ratios 

is presented (equation 7); in Part III, a theoretical method for de- 

termining p/c ratios is presented (equations H and 12). In this part, 

values obtained using tue two methods are compared for common aircraft 

in service in 1971. Both military and civilian aircraft are included. 

31. A listing of the relevant dimensions of current aircraft is 

given in table 1. In many cases, a particular aircraft has been pro- 

duced in various models with slightly different dimensions from those 

listed. However, the values in table 1 are considered representative 

since small changes in physical dimensions are of no significant con- 

sequence. The diagrams in figs. U, lo, and 17 depict the types of gear 

configurations considered in table 1. 

32. In Part II, reference is made to studies in which actual 

traffic distribution patterns were developed from an analysis of field 

traffic distribution data obtained from observations of the operation of 

specific aircraft at several locations along taxiways and rumrays at 

various Air ?orce bases. *'   These traffic distribution patterns for 

B-U7, KC-97. B-52, and KC-135 aircraft are shown in graphic form as 

traffic distribution curves (solid lines) in fig. 5 and plates 1-11. 

These data represent the total information presently available relative 

to actual lateral traffic distribution of aircraft operating on airfield 

pavements at military Installations. 

33• Theoretical normal traffic distribution curves (dashea lines) 

are also shown in fig. 5 and plates 1-11 for all aircraft considered and 

at all locations where actual traffic distribution data were available. 

These traffic distribution curves are base! on computed values calcu- 

lated in such a manner that the nnxisrjm ordinatc on each theoretical 

traffic distribution curve is equal or approximately equal to the maxi- 

mum ordinate on each actual traffic distribution curve. The theoretical 

wander used in each cane Is given in table . 

3**. The comparison of actual and theoretical normal traffic 
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distribution curves along straightways of taxiways shown for the B«*^7 

and KC-97 in fig. 5 indicates that a theoretical wander of 70 in, is 

representative of observed traffic distribution along straightways of 

taxiways. Similar comparisons, shown in plates 1-3» for taxiway curves 

indicate that a variable theoretical wander (32-95 in.) is required to 

represent observed traffic distribution along taxiway curves. Since the 

Corps of Engineers has been designing pavements along both straightways 

and curves on taxiways for the same traffic distribution pattern for 

many years and no indication has ever been noted that the service life 

of pavements along taxiway curves has been materially different from 

that of pavements along straightways on taxiways, a theoretical wander 

of 70 in. has been selected for use in this study as the best value for 

representation of actual observed traffic distribution along taxiways. 

35. The comparisons of actual observed and theoretical traffic 

distribution curves for the B-Vf, KC-97, B-52, and KC-135 aircraft along 

runways, shown in plates U-ll, indicate that the theoretical wander re- 

quired to represent actual traffic distribution varies with type of 

aircraft and location of aircraft along the runway. This observation 

is in agreement with service behavior records for airfield pavements. 

Calculated values for the theoretical wander required to best represent 

actual traffic distribution, shown in table r, are presented in graphic 

form in fir:. 19. This plot shows the variation in theoretical wander 

alone ranways for the B-^7, KC-97, B-5'\ *nu IT-135 aircraft. It is not 

considered practical at the present time to attempt to design runway 

pavements for continuously changing traffic distribution patterns, as 

indicated by the solid curves in fig. 19; therefore, on the basis of the 

data shown in fig. 19, a theoretical wander of 70 in. has been selected 

as the best value for representation of actual traffic distribution 

ilon?; the first 1000 ft at each end of a runway, and a theoretical wan- 

der of lkQ  in. has been selected as the best halue for representation 

of actual traffic distribution along the interior portions of runways, 

as Indicated by the dashed lines in fig. 19- The Corps of Engineers has 

recognize! that traffic distribution patterns vary along taxiways and 

runways and have liorieJ their pavements for thickness design on the 
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VARIATION OF WANPCR ALONG RUNWAYS RASCD ON AVAILABLE FIELO ORSERVATtON OATA 

VARIATION OF WANOER ALONG RUNWAYS USED TO DETERMINE RASVPER-COVERAGE RATIOS FOR RUNWAYS 

• -47 
KC-»7 

B-Sl 
KC-U» 

« AT INTERSECTION OF TAXIWAV ANO RUNWAY, IT IS ASSUMED 
THAT THt THEORETICAL WANOER OF 70 IN, SCLCCTCO FOR 
TAX1W*YS, IS THC »CST FOR REPRESENTATION OF ACTUAL 
TRAFFIC DISTRIBUTION 

-I 1 1 L 
SCO 1000 1900 2000 29O0 3000 

01 STANCE FROM CNO OF RUNWAY,  FT 

Fig. 19. Variation in theoretical wander along runways 

9 
basis of variable traffic distribution, 

36.    Pass-per-coverage ratios have been calculated using equa- 

tions 7 and 1? for uniform, theoretical, and actual traffic distribution. 

These p/c ratios are shown in columns k9 5> and 6 of table 3.    Values 

shown in column k were calculated through use of equation 7 using a 

1+0-in. wander in accordance with current practice.    Values shown in 

column 5 were calculated through use of equation 12 using a wander of 

70 in. for taxiways and 1^0 in. for runways as proposed herein.    Values 

shown in column 6 were calculated through use of equation 12 using the 

theoretical wander values shown in table P.    The relation between p/c 

rntios based on uniform and actual traffic distribution is shown in 

column 7 of table 3»    As can be seen, p/c ratios based on uniform traf- 

fic distribution do not agree very well with p/c ratios based on actual 

traffic distribution.    The implication of this observation is signifi- 

cant.    For instance, using the B-^7, the current basic design of 5000 

coverages represents 10,650 (£.13 X 5000) aircraft passes Tor uniform 

traffic distribution, but 5000 coverages represent from 7750(1.55x5000) 

3' 
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to 26,300 (5.26 x 5000) aircraft passes for actual traffic distribution. 

Whereas it is currently assumed that pavements designed for 5000 cover- 

ages will sustain 10,650 aircraft passes before accumulation of the 

critical coverages (5000), it appears that, in fact, based on actual ob- 

served traffic distribution, the critical number of coverages is accumu- 

lated after 7750 or 26,300 aircraft passes, depending on the location 

or the airfield. Similar calculations for other aircraft will show 

comparable variations. 

37. The reason for a wide variation between p/c ratios based on 

uniform and actual traffic distribution is shown in fig. 20, where the 

actual and theoretical normal traffic distribution curves determined 

through use of equation 1? for a B-U7 on straightways of taxiways have 

been superimposed on a uniform traffic distribution diagram determined 

through use of equation 7 for a B-^7 on straightways of taxiways. As- 

suming the following dimensions for the B-47: 

Wt = lU.3 in. = 1.19 ft 

W « 1+0 in.  = 3.3b ft 

St = 37 in.  = 3.08 ft 

Width of traffic lane = 7.60 ft 

* t 4 ft t t 4 • A 

LATCftAL .(.ACtMlNT   Of CENTER l«tf Of   TtW , * T 

Fi£. TO.    Comparative plots of uniform, theoretical normal, and actual 
traffic distribution alon^ straightways of taxiways for B-J4? aircraft 
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According to equation 7: 

(2\       t  t 
VcA  0.75(N)( • 75(N)(WtJ" 

Therefore, 
/P\  1.19 t 3'QS + 3.33 
(c)t- (0.75)W(1.19)  "2-13 

For the B-l+7, one aircraft pass generates four wheel passes. Thus, the 

area within the uniform traffic distribution diagram is equal to k units, 

and the area within this diagram representing 75 percent of the traffic 

is equal to 3 units. Therefore, the uniform traffic distribution dia- 

gram for the B-^7 can be represented by a rectangular diagram with a 

width (abscissa) of 7.6 ft and a height (ordinate) of: 

w m=«•** m 
as shown in fig. 20. Using equation 12 and applying it to the uniform 

traffic distribution diagram shown: 

c-TB^rop (12bis) 

where 

Cxc " °'39UU (wp/n) 

Wt = 1.19 ft 

I ~ (0.39^(1.19) m?'23   «***«• 

Using equation L° and applying it to the actual traffic distribution 

curve shown in fig. 20: 

r 
xc - °* m 
v:   «1.19 ft 

? = TÖ35TT09T = 1>5'; 

3»* 
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and the ratio between p/c ratios for uniform and actual traffic distri- 

bution is: 

1.55  1#3r 

38. Similar calculations may be made to show the variation in 

p/c ratios based on theoretical normal and actual traffic distribution 

patterns. Results of these calculations are shown in column 8 of 

table 3« Examination of resulting relations between p/c ratios based 

on theoretical and actual traffic distribution patterns shows that con- 

siderably better agreement exists between these p/c ratios than between 

p/c ratios for uniform and actual traffic distribution except in two 

instances, KC-97 aircraft 1000 ft from the runway end and KC-135 5000 ft 

from the runway end. It is inconceivable that the KC-97 or the KC-135 

will consistently operate within the narrow limits indicated by the 

actual traffic distribution shown for these aircraft in plates 6 and 11. 

If these actual traffic distribution curves are not considered, then the 

p/c ratios based on theoretical normal traffic distribution are in better 

agreement with the p/c ratios based on actual traffic distribution than 

p/c ratios based on uniform traffic distribution. It is on this basis 

that it is suggested that the basis for determining p/c ratios be 

changed from uniform traffic distribution, as presently used, to theo- 

retical normal traffic distribution. Adoption of procedures discussed 

herein, based on theoretical normal traffic distribution for a wander 

of 70 in. on taxiways and lUO in. on runways, will provide improved pro- 

cedures for calculating p/c ratios representative of actual traffic 

distribution. 

39. In accordance with the suggestion ma£e above, p/c ratios have 

been computed for various aircraft now operating at both civilian and 

military airfields. These p/c ratios for taxiways (wander = 70 in.) 

ind runways (wander ■ lUO in.) are elver, in tables h  and 5. 
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PART V: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

1+0. Two conclusions can be drawn from this study. First, and 

most important, it is unmistakably clear that considerably more field 

traffic data are required, partic*." - rly with reference to current air- 

craft, before any further progress can be made in the development of 

p/c ratios that are truly representative of actual traffic distribution 

patterns. Secondly, adoption of the theoretical normal traffic distri- 

bution curves as a basis for development of p/c ratios will provide an 

improved and more realistic procedure for determining p/c ratios that 

wiH, in general, be more representative of actual traffic distribution 

than similar ratios based on uniform traffic distribution. 

Recommendations 

Ul, It is recommended that the p/c ration given in tables h  and 5 

be adopted for use in converting test section traffic in terms of cover- 

ages into equivalent lircraft traffic in terms of aircraft passes until 

such time as additional field traffic data become available for further 

studies. 

k2*    Investigations should be made that will provide information 

on the influence of factors such as the random placement of traffic 

across the width of a runway or taxiway, the variation of load intensity 

and contact pressure of the tires of a multiple-wheel gear, and the 

variation of loading conditions of the main and w. ;e gears of an air- 

craft. The following studies are recommended. 

a. Airfield surveys to determine the actual lateral and 
longitudinal distribution of traffic for all types of 
aircraft. 

b. Studies to determine the percentage of operations for 
each type of aircraft expected to operate on a pavement 

| for design or the percentage of operations for each type 
I of aircraft that has been on a pavement for evaluation. 
I Then the traffic could be accumulated graphically. 
i 
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c. Studies to determine the detrimental effects of a wheel 
at various distances from the point of maximum accumu- 
lation of repetitions and then develop a location 
weighting function a. to be applied to traffic 
repetitions. 
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Table 1 

Typical Aircraft Landing Gear Characteristics 

Twin Tandem 
Tire Tire Tire Wheel Wheel Wheel 

Inflation Contact Width Base Tread Spac ing Spacing 
Type Landing Gear Pressure Area wt wb Tw 

Gt "'in 
and Aircraft lb/in.2 

Ci 

in.2 in. 

rcraft* 

in. in. in. in. 

vilian Ai 

Twin tricycle 
Boeing 727-00 170 236 13.5 639 225 3^ 
Boeing 723-?00 130 170 13.5 »Ä8 206 3U 
DC-9-30 1U5 168 11.5 638 197 25 

Twin-tandem tricycle 
Boeing 707-100 180 236 13.5 628 265 # 56 
DC-8-10 155 228 13.5 692 250 30 55 
DC-10-10, 20 176 27c 15.0 868.5 U20 5H G* 
Convair 380 150 152 11.0 637 226 22.5 *5 

Multiple-wheel tricycle 
Boeing W 200            208         IT. 9 

Military Aircraft* 

!"■.,- fMrr      17 

Single tricycle 
A-7D 280 6? C.9 183 llU 
A-~6A 70 2o2 Iks 161 °33 
B-57B 152 I82 11.3 171 188 
C-L?3K T 275 lh.6 *>RP, 151 
F-1C&G 208 r-3 6,9 181 106 
F-'ii: 265 102 3.9 279 215 
F-111A 150 313 15.5 288 120 

Twin tricycle 
C-7A 115 

.■s.7.> iM ?51 277 20 
c-a\ 33 -18 12.9 335 336 23 
C-5k3 77 50 13.3 3^9 290 -8 
KC-97 1*3 

1   7 13. H37 3*- 37 
C-lT:i;C 79 tJiQ 2\1 357 MO Hh 
C-&0A :•(>$ }o 5.7 r-J.0 1H8 1*4.5 

ninfl£-landern tricycle 
C-130 ■V"* too 17.5 336 ]?. Co 
:*%I30H 115 30, lC.7 ?aa 172 Co 

Twin licycle 
£-!*" i:>5 267 l'*,3 531 '*# 37 

Twin-twin bicycle 
i-y? :>J.;J '67 IM 597 99 37 

Tvin-twleia tricycle 
f*-l35A 130 rl V*. 5>*o ' > 3»' Co 
KC-135A 155 30 13.3 5J.e '■'■"li % «'0 
C-lklA iBö 208 l.v> C'tf. 10 3 .5 

1 •_; 

MuItinle-wheel tricycle 
C-5A m ' n*i 15.1 f ?      •                1»!       ■ TJ 

Vuluec shown for civilian 'dunit were obt'iiiicl fron !*uiufsturer of p?*rticulnr 
rtircr^ft.    Iftcticilly -ill vnlue;: shown for ailltiry niremft vere obtained fron 
reference 8. 
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Table 2 

Theoretical Wander Used in Computing 

Data for Theoretical Normal Traffic 

Distribution Curves 

Aircraft Facility Location 
Theoretical 
Wander, in.* 

B-U7 Taxiway 

Runway 

Straightways 
Curves 
1000 ft from end 
5000 ft from end 

70 
32, 95 
150 
275 

KC-97 Taxiway 

Runway 

Straightways 
Curves 
1000 ft from end 
2000 ft from end 

70 
65 
37 

136 

B-52 Runway 2000 ft from end 
5000 ft from end 

87.5 
300 

KC-135 Runway 2000 ft from end 
5000 ft from end 

115 
90 

* Wander for theoretical normal traffic distribu- 
tion based on actual observed traffic distribu- 
tion as shown in fig. 5 and plates 1-11. 

I 

I       I 
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Table k 

Pass-Per-Coverage Ratios for Various Aircraft 

on Taxiways md Runway Endß* 

(1) (2? 
Twin 
Wheel 

Spacing 

5* in. 

(3) 

Tire 
Width 

in« 

13.5 

No. of 
Hain Gear   £ 
Wheels in   c 
Traffic 

Lane  H** 

(5) 

Wt + S + to in.** 

*    {o.t55(N)(wt} 

Equation 7 

Cx   or 

0.0^-8 

(7) 

Aircraft Equation 11 or 12 

Boeing 727-00 3^ 2 fc.32 3.25 

Boeing 723-200 3^ 13.5 o U.32 0,0228 3.25 
BC-9-30 35 U.5 3 M3 0.O&3 3.58 

Boeing 707-100 3** 13.5 1* 2.lC Q.Qh$6 1.62ft 

BC-8-lö 30 13.5 b 3.06 0.OU72 1.57tt 

DC-10-H) 5* 15.0 !+ 2.fe? 0.0366 1.82tt 

Conwair 880 w   c, 11.0 1» 2.23 0.0U9^ 1.8l*tt 

Boeing 7^7 * 12.9 16 3.09 Q.OtetO 1.85tt 

A-7D llU* 6,9 1 >>.c6 0.0131 11.10 

,V-2& "33** lU.2 1 5.09 0.0131 5.37 

B-S7B 188** 11.3 1 5.Ü5 0.0131 6.1*7 

C-123K 151** lft.6 I M9 0.0131 5.23 
F-10ta 106** f.9 1 9M 0.0131 11.10 

F-US 215M 8.9 1 7.33 0,0131 8.58 

F-lH/> 120M 15.5 2 ***77 0.0131 u,«c 

C-7A 20 IM :■ }J* 0.0250 2.78 

c-a\ :?3 ir.9 ? *•'/' 0.0f**5 306 
O^K! ^8 13.9 -t 3.05 y.ais 3.05 

KC-97 37 13." ;.-■ 
!..5C O.O&22 3.H 

C*lT*tC I*:. :-".l ■■ 3.ro 0.0"Q> %19 

e-i'+QA i'*.5 5.7 7,0'> O.fV^iL C.S5 

C-130 !"':■** 18.3 r* r.vs %<r<3r 2.0V+* 

HC-130K ir** U.7 T. -.'■( o.o: (" 2.2<** 

8-V/ ■J7 l'*.3 '■> ■ .13 0.AU 1.57 

B-ü? \< 13.1» •■■■« o.c*53 l.i-3 

C-135A ¥ l-j.3 I ' #;.-i O..OU*iJ l.Gfrt 

KC-135A % 13.' *i 
,.    »■■!-. o.o»»v3 i.iS** 

C-lfrtt H' .5 LV i- < ?.ow4 1.7 ft 

C-5A * IM L 1.30 i'.'.-.*S«''"i 0.^1 *t 

* For wu*ier  - '21 In. { 1000 ft **t e*U of «i<?h rwar&y. 

t   y*tl:j*»: for   Rx    or   •%.<,    rt-t-J frw :"ir-. !•• car 'UjUsr^lntri tor   T'trchlctt wre^cUure di^ewiac-l 
In p-yr^T'i^ii: . •. - -.-*. 

t*    Pncj-ner-cavnr**,''; r»tU-: for rk'ti jviventnt *\*r thee« -ttrer**ft *.w >?iu**} to twice t»t* 
ntti« tfhown fi*n par^T*1!*»    ). 

* ;*ce fir;-. l*f. tjr 17. 
**   Twin «ji«tel ^f«fln,-' ror rifH'U' *tacl *wl rhvle-lnn'ies wf?&al lt:Hlu.: ^t»*tr u- e'^unl to t*te 

trcnrU 

^ 
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Table 5 

f%3-Per-Coverage Ratios for Various Aircraft 

on Interior Portion of Rusatays* 

i 

(1) (2) l» (M (fl (« W) 
Twin 
Wheel 

Spacing 

h 

Tire 
Width 

wt 

no. of 
Hain Gear 
Wheels in 
Traffic 

W.  + S ♦ Uo in.** 

Cx   or   c 

C    t 
sec 

1 
T" (C     or   C1    )(WJ 

Aircraft in. in, 

13.5 

Lane S*# Equation 7 Elation 11 or 12 

Boeing 727-00 3U p ^.3£ 0.012U 6.00 

Boeing 723-200 JU 13.5 2 U32 O.OL^t 6.00 

30-9*30 25 11.5 ? M3 0.0126 6.90 

Boeing 707-100 3b 13.5 8 ?.l£ O.0S&Ö 3.00tt 

BC-S-10 30 13.5 8 2.06 0.0250 s?.96tt 

I5C-10.10 5* 15.0 8 £.ll2 0.0?30 s.gott 
Comrair 880 22,5 11.0 e r.t'3 0.O25U 3.58tt 
Boeing 1k'( * 32.9 16 ?.69 0.0P8 S.7W 

Ä-7D llfc#* 6.9 i 9.0c 0.0066 22.00 

A-2& ?33** lh.? i 5.09 0.0066 10.70 

B-573 188*« 11*8 i 5.85 0.0066 1T.83 

C123K 151** Xk.C i J*.99 0.00C6 10.38 

F-10te- 106** 6,9 i 9.06 0.0066 22.00 

fJ*K ~15** 8.? i 7.33 0.00C6 17,00 

F-111A ISO** 15.5 ? U.77 c.oooe 9,80 

C-7A ?0 iM 2 3.W+ o.oirs 5.^ 
Ü-BA ~3 r.o :■■ 3.9^ 0.01^7 6.10 

C-5^ 28 ii .a •i 3.^ 0.03TÖ 5.75 

KS-9? 37 13.? jV **.5k o.or& C*U 

c-irte f*i* ? .1 ~ 3.r-0 o.oro wa 
M&OA tf.5 5.7 - 7.0«* 0.013C L%39 

C-130 vr« 17.5 
{, ■%lt> 0.01F5 tt.OJtt 

HC-13'3H IT H 1C.7 «J ■^••*t 0.013^5 h.hhW 

B-U7 37 Jji.3 
t, 'VH o.a^B rt.6l 

B«r V? »•»i '.'•;*5 "uJ3T£* r%oo 

C-13% i'- 13.3 •4 ■■       r-t, 
• »   ** o»ur*B 3.W* 

BM15A 3<" ii.3 * .      ** o.urua 3,03t* 

c-lfclA 3'.5 L'.C B '. -5 o.ot-j s.iv** 
C-5A 1 i1*.^ » 1.30 0.0^ 1.1CH* 

* For vernier - I'O in. 
** fnprtat: «w^e vtoeL?. 
t V"-luef for   IT,   *nl   i*;«e   real fron ft/* 1!* or <Seter&LneJ *.»y .T*»nl»Xcnl ?roct<iur« ■»l.*«irs*i 

♦♦ rr»r5»|*ar-M?ci¥iertttje ratios for rl;M t^vesent far ttoar -»iivmrt -re e^l U» itftee Urn 

t :'©e fi>T». lC or IT. 
** T»tr* i^wel rjrtetar for ; ür'le-v».tiel ■*»! ^ tm'le«i*ttilen»jheel ,°*w I? «qunl to the ir@^. 
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