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1. PURPOSE. This advisory circular (AC) explains hOow t 0 compute airport capacity
and aircraft delay for airport planning and design.

2. CANCELLATI ONS. This publication cancels the following FPederal Aviation Adminis-
tration (FAA) Advisory Circulars (ACs):

a. AC 150/5060-1A, Airport Capacity Criteria Used in Preparing the National
Airport Plan, dated July 8, 1968, and

b. AC150/5060-3A, Airport Capacity Criteria Used in Long Range Planning,
dated December 24, 1969.

3. BACKGROUND. Changes in the conposition of the nation's aircraft fleet together
with improvements in air traffic control (ATC) practices have outdated capacity
calculations contained the cancelled ACs. An FAA contractor reexam ned the proce-
dures for determining airport capacity and suggested improvements to update them
This AC implements t hese improvements. In addition, this AC refines definitions of
capacity and delay. CAPACITY is the throughput rate, i.e. the maxi num nunber of
operations that can take place i n an hour. DELAY iS the difference in time between
a constrained and an unconstrained aircraft operation. These definitions take into
account that delays occur because of simultaneous demands on the facility. The
acceptable level of delay will vary from airport to airport.

4. APPLICATION TO AIRPORT DESIGN. To apply these procedures, a reasonable
understanding of the aeronautical activities bei ng conducted at, Ol projected for,
the airport is required. Care shoul d be exercised in using available data so as to
avoid data whi ch represents a level of activity occurring sporadically during the
year ——unless it is intended t0 examine that specific condition. Since few airports
operate at "peak demand" |evels for nore than two or three consecutive, hours in any
one day and demand fluctuates t hroughout a period even as short as one hour, some
delay will occur during a typical hours operations. It is suggested that airport
desi gn-be based on an hourly demand which can be expected.to occur at |east on a
weekly basis.
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6. REFERENCE. Report No. PAA-RD-74-124, Techni ques for Deternining Airport Airside
Capacity and Delay, dated June 1976 is available from the National Technical

I nformation Service (NT1I8), 5285 Port Royal Road, Springfield, Virginia 22161,
t el ephone (703) 557-4650. The NTIS reference Nunber i s AD-A032 475.

FYRVY QR W ¥

LEONARD E. MUDD ,
Director, Office of Airport Standards
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CHAPTER .. AIRPORT CAPACITY AND Al RCRAFT DELAY

1-1. GENERAL. Hourly ai rﬁ)ort capacities and annual aircraft delay canputations are
needed To design and eval uate airport development and improvement projects. The
nethod for conputing airport capacity and aircraft delay is the throughput nethod
provided in this AC

a. Backaround. The throughput method for calculating airport capacity and
average delay per aircraft is derived fromconputer nodels used by the Pederal
Aviation Admnistration (FAA) to analyze airport capacity and reduce aircraft delay.
Cal cul ations of hourly capacity are needed to determne average delay. Since airport
and airport conponent hourly capacities vary throughout the day due to variations in
runway use, aircraft mx, ATCrules, etc., a nunber of calculations may be needed.

b. AC Organization.

(1) Chapter 1 provides an overview of airport capacity and aircraft
del ay anal yses.

(2) Chapter 2 contains calculations for conmputing airport capacity,
annual service volune (asv), and aircraft delay for long range evaluations.

(3) Chapter 3 contains more detailed conputations suitable for a wde
range of airport design and planning applications.

(4) Chapter 4 contains special conputations of capacity relating to:
(i) Periods of poor visibility and ceiling conditions.

(i1) Airports wthout radar coverage and/or an instrument |anding
syst em(ILs).

- (iii) Arports with parallel runways when one runway is linited to use
by small aircraft.

. (5) Chapter 5 identifies computer nmodel s which may be used to further
refine runway capacity and aircraft delay analyses.

~ (6) The appendi ces contain exanpl es applying chapter 2, 3, and 4
cal cul ations.

c. Units. Since FMoperational standards for spacing aircraft taking-off
and landing are in Customary units (feet, knots, etc.), it is expedient to perform
capacity and delay conputations in the same units.

1-2. AIRPORT COMPONENTS.

a. Runway. The termrunway includes the landing surface, plus those portions
of the approach and departure paths used in common by all aircraft.

b. Taxiway. The termtaxiway i ncludes the parallel taxi vvag/_s, entrance-exit
taxiways, and Crossi ng taxi ways, recognizing that a capacity limting condition may
exist where an arriving or departing stream of aircraft nmust cross an active runway.

Chap 1
Par 1-1
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c. (ateGroup. The termgate group identifies the nunber of gates located in
the termnal complex which are used by an airline, or shared by two or more airli-
nes, or other aircraft operating at the airBort on a regularly schedul ed basis. In
nost cases the termnal gates are not used by general aviation aircraft.

1-3. CAPACITYTERMs. The follow ng subpargraphs define terms used herein. Symbols
used in this ACare defined in Appendi x 4, G ossary of Symbols/Terms.

a. Arcraft mix. Arcraft mx is the relative percentage of operations
conducted by each of the four classes of aircraft (A B, C and p). Table 1-1 iden-

tifies physical aspects of the four aircraft classes and their relationship to terms
used in the wake turbulence standards.

Table|-|. Aircraft classifications
Aircraft | max. Cert. T.0. Nunber Wake Tur bul ence
class m ght (IDbs) Engines | (assification

A Single

| 12,500 or less Smal | (s)
B Milti
c 12,500 - 300, 000 Multi Large (L)

]

D over 300,000 | Milti | Beavy (H)

b. Anpual Service Volume (Asv) AsSvV is a reasonable estimte of an airport's
annual capacity. [ accounts for differences in runway use, aircraft mx, weather
conditions, etc., that would be encountered Over a year's time.

city. Capacity (throughput capacity) is a measure of the maximum
nurrber of a rcra peratl ons which can be accommodated on the airport or airport
component | N an hour. Since the capacity of an airport conponent Is independent of
the capacity of other airport conponents, it can be cal culated separately.

d. ceilingand Visibility. For purposes of this AC the terns VFR, IFR, and
PVC are used as neasures relating to the follow ng ceilings and visibilities.

. (1) Visual fiight rule (VFR) conditions occur whenever the eloud ceiling
is at ]lezast 1,000 feet above ground level and the visibility is at |east three sta-
tute mles.

- (2) Instrument flight rul e (IPR) conditions occur Whenever the reported
cloud ceiling is at least 500 feet but |ess than 1,000 feet and/or Visibility is at
| east one statute nile but [ess than three statute mles.

~ (3) Poor visibility and ceiling (PVC) conditions exist whenever the cloud
ceiling is less than 500 feet and/or the visibility is [ess than one statute mile.

e. Delay. Delay is the difference between constrained and unconstrained
operating time.

Chap 1
Par 1-2
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. f. Demand. Demand is the magnitude of aircraft operations to be accamodat ed
in a specified tinme period.

g.Cate. Aqgate is an aircraft parking position used by a single aircraft
| oadi ng{ or unloading passengers, mail, cargo,etc. A parking position which is
regularly used by two aircraft at the same time i S two gates for capacity

cal cul ations.

| 1) Gate type is the size of the gate. A Type 1 gate i s capable of accom-
modating alﬁ aircraft, Tncluding widebodies such as the A- 30%, B-747, B-767, pc-10,

L-1011. A Type 2 gate W || accommodate Only non-w debodi ed aircraft.

(2) Gate mx is the percent of non-w debodied aircraft acconmodated by
the gate group.

. (3) Gate occupancy time isthe |ength of tine required to cycle an
aircraft through the gate.

h  Mx Index. Mx index is a mathematical expression. It is the percent of
Cass Caircraft plus 3 times the percent of Class Daircraft, and is witten:
$(C+3D) .

i Percent Arrivals (PA). The percent of arrivals is the ratio of arrivals to
total operations and is computed asfollows:

- A+k (T&G
Percent arrival g = K-T&-"l-mc)T x 100, where

A = nunber of arriving aircraft in the hour
DA = nunber ofdeparting aircraft in the hour
T&G = nunber of touch andgo's in the hour

. j. Percent Touch and Go's. The percent touch and go'sis the ratio of |andings
with an imedrate takeoff to tofal operations and is cauputed as fol | uws:

-~

. TG
Percent t ouch and go' 8 = ﬁ{m)x 100, where

A = nunber of arriving aircraft in the hour
DA = nunber of departing aircraft in the hour
T&G = nunmber of touch and go's in the haur

Touch and go operations are nornal |y associated with flight training. The nunmber of
these operations usually decreases as the nunber of air carrier operations increase,
gs demand for service approaches runway capacity, or as weather conditions
eteriorate.

k. Runway-use Configuration. Ranway-use configurationis the nunber,
location, and orientation of the active runway(s) , the type and direction of
operations , and the flight rules in effect at a particular time.

Chap 1
Par |-3
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1-4. CAPACITY, pemanp, DELAY RELATIONSH PS, As demand approaches capacity, indivi- =
dual arrcraft de& 1s Increased. Successive hourly demands exceeding the hourly
capacity resultin unacceptable delays. when the hourly demand is less than the
hourly capacity, aircraft delays will still occur if the demand within a portion Of
the tine interval exceeds the capacity during that interval, Because the magnitude
and scheduling of user demand isrelatively unconstrained, reductions in aircraft
del ay can best be achi eved through airport inprovenents which increase capacity.

Chap 1
Paral -4
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CHAPTER 2. CAPACITY AND DELAY CALCULATIONS FOR LONG RANGE PLANNING

2-1. GBNERABpter contains calculations for determininghour |y airport capacity, ASV, and aircraft delay
for long-range airport planning. Appendix 1 contains examples of these calculations. When more precise results are

required, or if the conditions differ significantly from the assumptions described in the following paragraphs, apply the
calculations found in subsequent chapters.

2-2. CAPACITY ASSUMPTIONS. Hourly VFR and IFR valuesin figure 2-1 are based on runway utilizations which
produce the highest sustainable capacity consistent with current ATC ties and practices. These values are representative
of typical U.S. airports having similar runway-use configurations. VFR and IFR hourly airport capacities in figure 2-|

are based on the following assumptions:

a  Runwav-use Configuration. Any runway layout can be approximated by one of the 19 depicted runway-use
configurations. Multiple arrival streams are only to parallel runway configurations.

b.  Percent Arrivals. Arrivals equal departures.
c.  Percent Touch and Go's. The percent of touch and go’s is within the ranges in table 2-1.

d.  Taxiways.a full-length paralel taxiway, ample runway entrance/exit taxiways, and no taxiway
crossing problems.

e.  Airspace Limitations There are no airspace limitations which would adversely impact flight operations or
otherwise restrict aircraft which could operate at the airport. Missed approach protection is assured for all converging
operations in IFR weather conditions.

f.  Runpway Instrumentation The airport has at least one runway equipped with an ILS and has the necessary
ATC facilities and servicesto carry but operationsina radar environment. For independent operations, 3,400 feet
separation requires Precision Runway Monitor (PRM) equipment with high update radar. If PRM equipment is not
available, independent operations will require 4,300 feet separation.

Table 2-1. Assumptions incorporated in figure 2-|

Demand Ratios ‘

Mix Index Percent Percent . R

%(C+3D) Arrivals Touch & Go —Annual Demand__ Av. Dailv Demand
Av. Daily Demand* Av. Peak Hour Demand*

0-20 50 0-50 290 9 ‘
2 1-50 " 0-40 300 10 ‘
51-80 n 0-20 310 11 ‘
81-120 " 0 320 12 ‘
121-180 " 0 350 14 l

* |n the peak month

2-3.  ASV_ ASSUMPTIONS. The ASV vauesin figure 2-1 are based on the assumptions of paragraph 2-2, table 2-1,
and thefollowing:

a  IWRathesather conditions occur roughly 10 percent of the time.

Chap 2
Par 2-1 5
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b.  Runwav-use Confjeuration Roughly 80 percent of the time the airport is operated with the runway-use
configuration Which produces the greatest houriy capacity.
24. AIRPORT CAPACITY AND ANNUAL SERVICE VOLUME. Calculate the approximate hourly capacities and

the ASV asfollows:

a.  Determine the percentage of aircraft classes C and D using, or expected to use, the airport.

b Select the runway-use configuration from figure 2-1 that best represents the airport. Runway-use
configurations 9 through 19 show by means of arrows the predominant direction of runway operations. When no direction
is specified, the direction of operation is not critical. Runway-use configurations 14 through 19 indicate by dashed lines
the limit of the range of runway orientation. For airports having three or more runway orientations (consider parallel
runways as one runway orientation), identify the two-runway orientation that is operated most frequently. To adjust for
staggered threshol ds see paragraph 4-6.

c.  Cdculatethe mix index.

d.  Read the approximate VFR and IFR hourly capacities and the ASV directly from figure 2-1.

25. AIRCRAFT DELAY. Calculatetheaircraft delay asfollows:

a  Estimate annual demand using current or historical information or projections of future traffic.

b.  Caculatetheratio of annual demandto ASV.

c.  Obtain average delay per aircraft from figure2-2. The upper portion of the band applies to airports where
air carrier operations dominate. The full width of the band applies to airports where general aviation operations dominate.
Delays 5 to 10 times average could be experienced by individual aircraft.

d.  Calculate total annual aircraft delay asthe average delay multiplied by the annual demand.

26 AIRPORT DESIGN COMPUTER MODEL. TheAirport Design Computer Model capacity and delay outputs are
the ‘ same as those obtained from this chapter. Thecomputer model coversthe samerunway-use configurations and traffic
mixes as figure 2-1.

a  ERfmeDabanputer model requires the following:

(1) The percentage of operations by aircraft weighing more ‘than 12,500 pounds but less than 300,000
pounds with respect to the total number of aircraft operations.

(2) The Percentage of operations by aircraft weighing more than 300,000 pounds with respect to the total
number of aircraft operations. i

(3) Thetargeted level of annual operations (the demand).
(4) The predominate operations (either air carrier or general aviation).
b.  Qutput. The Airport Design model lists the runway-use configurations in rank order of capacity and least
" delay. Other considerations (project costs and/or land availability) may preclude the selection and development of the

highest ranking runway-use configuration (normally configuration No. 8). Table 2-2 illustrates a typical airport capacity
and delay printout. Figure AS-13 illustrates a printout of the runway-use configuration sketches.

Chap 2
Par 2-4
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Table 2-2. Typical airport capacity and delay printout

Al RPORT CAPACITY aND DELAY DATA

C = Percent of airplanes over 12,500 1lbs but not over 300,000 lbs . 55
D= Percent of airplanes over 300,0001bs . . . . . . . . . . . . . 4
‘Mix Index (C+3D) - . -« « o e e e e 67
Anénud demand . . . . . . . . . . . . . . . . . . . . . . . .. . .. 220,000

Air carrier operations dominate

Al RPORT CAPACI TY AND DELAY FOR LONG RANGE PLANNI NG

Rati o of Aver age
Runway-use Capacity Annual Delay per M nutes of
Confi guration ASV Demand Aircraft Annual Delay
to Asv
( Sket ch) (Ops/Hour) (M nut es) (000)
No. VFR |FR Ratio Low High Low Hi gh
8 242 111 515, 000 0.43 0.3 0.4 66 88
7 184 111 455,000 0. 48 0.3 0.5 66 110
4 126 111 305, 000 0.72 0.7 1.1 154 242
12 126 111 305, 000 0.72 0.7 1.1 154 242
6 184 65 290, 000 0.76 0.8 1.2 176 264
5 171 65 285, 000 0.77 0.9 1.3 198 286
3 126 65 275, 000 0. 80 1.0 1.5 220 330
11 126 65 275, 000 0. 80 1.0 1.5 220 330
16 164 56 275, 000 0. 80 1.0 1.5 220 330
18 164 56 275, 000 0. 80 1.0 1.5 220 330
19 158 56, 275, 000 0. 80 1.0 1.5 220 330
13 145 56 270, 000 0.81 1.0 1.5 220 330
2 121 56 260, 000 0.85 1.1 1.7 242 374
10 121 S6 260, 000 0. 85 1.1 1.7 242 374
17 121 56 260, 000 0. 85 1.1 1.7 242 374
14 85 56 220, 000 1.00 2.3 3.5 506 770
1s 82 56 215,000 1.02 2.6 4.0 572 880
9 77 56 215, 000 1.02 2.6 4.0 572 880
1 63 56 205, 000 1.07 3.6 5.7 792 1254
2-7.  COST OF AIRCRAFT DELAYS A major factor which influences adecision to proceed with a project is the

benefit versus the cost of the improvement: The airport capacity and aircraft delay computations operate on the premise
that individual aircraft within the broad aircraft classes A, B, C, and D (Seetable|-1) have comparable service times.
A cost computation however requiresa more refined breakdown of aircraft types and usages. -

a.  Delay Codts. The per minute costs of figure A5-12 are conservative estimates and are based on the best data
currently available. The costs represent a reasonable estimate of crew, fuel and maintenance costs for operators of air
carrier and air taxi aircraft, and fuel and maintenance costs for operatorsof general aviation aircraft. Other datasources
may be used in the calculation of savings. When other data sources are used, document the data source as well as the
rationale used to allocate delay savings among the cost classes being identified.

b.  Edtimating Savings. Appendix 1 contains an example for calculating the savi ngs associated with the reduced
aircraft delays based on the figure A5-12 aircraft groupings and estimates of delay costs. Figure A5- 12 is the form used
inthis calculation.

Chap 2
Par 2-1 7
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Hourly Annual
Capacity Service

_ _ Mix Index Ops/Hr Volume
NO. Runway-useConfi guration $(C+3D) VFR IFR Ops/Yr
1. — : 8 ez 29 9§ S¥  230,00C

21 =z s¢ 74 s7 19s,qQqQ0

51 == 8¢ 63 11 202,3C2

81 &= 120 SS 53 210,QGC0

121 ==z 139 s1 %0 240,000

2. g == 20 1$7 S§ 355,000

—_ = : 2L == =g 148 57 27%,0G0Q

738G +z 2493’ 31 =5 8¢ 121 Sé 26C.,Caq

v 8L to 120 195 59 285,000

121 == 18¢ 94 80 34Q,00Q¢

3. , a so 20 197 62 335,000
K 21 tc Sa 149 63 285,063

2500 * 1o 3399’ or 4299 ** S1 =c 80 126 65 275,000

v ' 8l &o 120 111 70  200,0C3

—— 121 =g 18¢ 183 75 365,063

4, — ‘ Q ec 20 187 119 370,000
A . 21 ta S0 14§ 113 320,049

3400+ or 4300° + . - S1 =c 80 126 El1  3@%,900

81 ®e 120 111 10s 313,900

-—— : 121 =c 180 183 99 370,909

5. _— ] a te 20 295 62 385,090
700" *es 2499 2L to so 213 63  13a5,04d

—_ = ; SL to 8o  L7L 63 285,000

700° +o 2499’ 8L ©o 120 149 70 310,000
T 121 ws 18¢C 129 75 375,00QQ

* Staggered threshold adjustments may apply, see paragraph 4-6.
** Refer to paragraph 2-2.f.

Figure 2-1. Capacity and ASV for long range planning
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12/1/95
No. Runway-use Confi guration
6. <= i
700'£tcg499
2500' * to 3399’ or 4299" **
B B = I
7. o —— T
700" to 2499
- 3
3400'- or 4300'+ ™
S T
— ]
T e
3400+ 0r 4300 + " — X T ———1
e ]
700" to 2499°
N 3
N
9. 1 1
10.

-—r——r—— !
700" ko 2499'* \_
=

= \\ ‘

M x | ndex
3 (C+3D)

g to 20
21 to SO
51 to 80
8l to 120

121 to 180

0 to 20
21 to s0
51 to 80
81 to 120

121 to 180

0 to 20
0% tote 80

81 to 120
121 to 180

o 20
21 to 50
51 to 80
81 to 120

121 to 180

0 to 20
21 to so
51 to 80
81 to 120

121 to 180

*  Staggered threshold adjustments may apply, see paragraph 4-6.

** Refer to paragraph 2-2.f.

Figure 2-1 .Capacity and ASV forlong range planning (cont.)
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Hour | y
Capacity
Cps/Hr
VPR IFR
295 62
219 63
184 65
161 70
146 75
29s 119
219 114
184 111
161 117
146 120
394 119
290 114
242 111
210 117
189 120
98 59
7 57
77 56
76 59
72 60
197  s9
14s 57
121  seé
105 59
94 60

Annual
Servi ce
Vol une

Ops/Yr

385, 000
310, 000
290,000
315,000
385, 000

625, 000
475, 000
455, 000
510, 000
645, 000

715, 000
550,000
515,000
565, 000
675, 000

230, 000
200, 000
215,000
225,000
265, 000

355, 000
275,000
260, 000
285, 000
340, 000
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Hourly Annual
Capacity  S&vice
M X Index Ops/Hr Vol une

No. Runway-use Configuration $(C+3D) VFR IFR Ops/Yr
N\

11. _.__S_\ 0 to 20 197 62 355,000

= oo d T S ' 21 to so 149 63 285,000

2500 * tX—F= 1 51 to 80 126 65 275, 000

% 111 70 300,000

g wh WM 183 75 365,000

12, & 0to 20

197 119 370,000

21 to so 149 114 320,000

3400 + or 4300 + ** 51 to 80 126 111 305,000
- 81 to 120 111 105 315,000

N — —
& 121 to 180 103 99 370,000

N\
N\
13. é_; 0t020 197 59 355,000
B

. 21 to50 147 57 275,000
700" to 2499' \N\_ \\_ 51 to 80 145 56 270,000

—— 81 to 120 138 59 295,000
121 to 180 125 60 350,000

——

"700' to 2499

14, 0 to 20 150 59 270,000
21 to 50 108 57 225,000
51 to 80 85 56 220,000
81 to 120 ©77 59 225,000
121 to 180 73 60 265,000
-
1s. ! J 0to20 132 59 260,000

21 to so 99 57 220,000
51 to 80 82 56 215,000
81 to 120 77 59 225,000
121 to 180 73 60 265,000

\
NN
A

>
4

* Staggeredthreshol dadj ust ment s may apply, see par agr aph 4-6.
** Refer to paragraph 2-2.f.

Figure 2-1. Capacity and ASV for long range planning (cont.)
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Hourly Annual
Capacity Servi ce
Mix | ndex Ops/Hr Vol ume

No. Runway- use Configuration % (C+3D) VFR IFR Ops/Yr
———
TR :
1s6. 700° ;? 2499° Oto 20 295 59 385,000

21 to so 210 57 305, 000
51 to 80 164 56 275, 000
81 to 120 146 59 300,000
121 to 180 129 60 355,000

17. 700" o 2499 —_ 0 to 20 197 59 355,000
. 21 to so 14s 57 275,000

51 to 80 121 56 260,000
81 to 120 10s 59 285,000
121 to 180 94 60 340,000

* \-

]
18. to 20 301 59 385,000
to 50 210 57 305,000
to 80 164 56 275,000
to 120 146 59 300,000
+o 180 129 60 355,000

700" to 2499

_r_..1= §
19. 700' to 2499 o 0to 20 264 59 375,000
Sl == 1 21to so 193 57 295 000

51 to 80 158 56 275,000
81 to 120 146 59 300,000
121 180 129 60 355,000

-700" to 2499

Figure 2-1. Capacity and asv for long range planning (cont.)

chap2



PVZRAGE DELAY PER AIRCRAFT

12/1/95
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)
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T —

Il
dn

-

C

[

0203 0’-l .5 06 07 0.8 0.8 1.C 1.1

RATIO OF ANNUAL DEMAND TO ANNUAL SERVICE VOLUME

Figure2-2. Average aircraft delay for longrangeplanning
Chap 2
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‘CHAPTER 3. AIRPORT CAPACITY AND AIRCRAFT DELAY CALCULATIONS
3-1. GENERAL. This chapter contains instructions for calculating hourly capacity,
asv, and aircraft delay for a wide range of runway-use configurations and opera-
tional alternatives.

a. Capacity Calculations.

ﬁl% Hourly capacity of the runway conponent.
2) Hourly capacity of the taxiway canponent.
53) Hourly capacity of gate group components.
4) Arport hourly capacity.

(5) ASV.

b. Delay Calculations.
(1) Hourly delay.

(2) Dai |y del ay.
(3) Annual del ay.

Figure 3-1 provides a checklist of the datarequired for these cal cul ations.
Appendi x 2 contains exanples of these calcul ations.

3-2. HOURLY CAPACITY OF THE RUNWAY COMPONENT. BExcept for situations involving PVC
conditions, an absence of radar coverage or ILS, and airports with parallel runways
when one runway is limted to use by small aircraft (all of which are covered in
chapter 4), calculate the runway conmponent hourly capacity as follows:

a. Select the runway-use configuration in figure 3-2 which best represents
the use of the airport during the hour ofinterest. To adjust for staggered
threshol ds, see paragraph 4-6.

b. Identify fraa figure 3-2 the figure nunber for capacity (for c*, T, and E).

c. Determne the percentage of Cass C and D aircraft operating on the runway
component and cal cul ate the m x i ndex.

d., Determne percent arrivals (PA).
e. Determne haurly capacity base (c*).

L. Determine the percentage of touch and go operations during VPR operations
and determine the touch and go factor (). During | FR operations, T will be 1.00.

g. Determine the [ocation of exit taxiways (neasured fromthe threshold at
the approach end of the runway) and determne the exit factor (B).

h. Calculate the hourly capacity of the runway component by the follow ng
equati on:

Hourlycapaci ty ofthe runway component = C*+T-E

Chap 3
Par 3-1 13
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QUTPUT

1. Hourly capacity of runway
component
See: paragraph 3-2
appendi x 2 (figure A2-1)

2. Hourly capacity of taxiway
conponent
See: paragraph 3-3
appendi x 2 (figure a2=2)

3. Hourly capacity of gate group
conponent s
See: paragraph 3-4
appendi x 2 (figure a2-=3)
4, Arport hourly capacity
See: paragraph J30-5_
appendi x 2 (figure A2-4)

service vol une
paragraph 3-6
appendi x 2(figure a2-5)

5. Annual
See:

6. Hourly delay to aircraft on rumy
conponent
See: paragraph 3-7
appendix 2 (figure A2-6)

7. Daily delay to aircraft on rumy
component
See: paragraphs 3-8 and 3-9
appendi x 2 (figure8 a2-7,
and A2-8)

8. Annual delay to aircraft on runway

component
See: paragraph 3-10
appendi x 2 (figure A2-9)

Data Sources:

—“ Do oOooTwe
. [ ] [ I

9/23/83

| NPUT NEEDED
Ceiling and visibility (VFR IFR or
PVC) _ _
Runway-useconfiguration
Aircraft mx
Percent arrivals

Percent touch and go
Bxit taxiway | ocat i ons

| nt er sect i ngtaxiwaylocation
Runway Operationsrate
Aircraft mx on runway being
crossed

Number and type of gates in each
gate group

Gate m X .

Gate occupancy times

Capacity outputs from1, 2, and
3 above

Hourly capaci ties of runway component
Occurence 0f operating conditions

Hourly denand
Bourly capacity of the runway

component
Demand profile factor

Bourly del ay
Bourly demand
Hourly capacity

Annual demand

Daily del ay

Hourl'y demand

Hourly capacities
Percent VFR/IFR CONdi ti ons
Runway-useconfi guration

NatTonal O 1 natiC Center, Asheville, North Carol i na

Air Traffic Control Tower records

Offical Airline Guides
Airport Management
Observations

Fi gure 3-1.

14

| nformati on required for capacity and delay calculations

Chap 3
Par 3-2
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3-3. HOURLY CAPACITY OF THE TAXIWAY COMPONENT. Calculate the hourly capacity of a
taxiway component as follows:

a. Determine the di Stance fromthe runway end (start of takeoff roll) to the
taxiway crossing.

b. Determne the runway operations rate, i.e., the demand being acconmodated
on the runway being crossed.

c. Calculate the mix i ndex of the runway bei ng crossed.
d. Determne the hourly capacity of the taxiway Crossing.

. (1) use figure 3-66 when the crossed runway accommodates arrivals or
m xed operations.

(2) Use figure 3-67 when the crossed runway acconmodates only departures
and touch and go's.

3-4. HOURLY CAPACITY OF GATE GROUP COMPONENTS. Calculate the hourly gate group
capacities as follows:

a. Determne the number of gate groups and the number of gates in each gate
group.

b Determnethe gate mx, i.e., the percent of non-w debadied aircraft using
each gate group.

. c. Determne the percentage of gates in each gate group that can accommodate
Wi debodi ed aircraft.

d. Determne for each gate group the average gate occupancy tine for wide-
bodi ed and non-wi debodi ed aircraft.

e. When W debodied aircraft are served, calculate the gate occupancy ratio
(R) by the follow ng equation:

R = Average gate OCCUpancy time for w debodi ed aircraft
Average gate OCCUpancy time for non-w debodied arrcraft

Wien wi debodied aircraft are not served, R equals 1.00.
fo. Calculate the hourly capacity of each gate group by use of figure 3-68.

3-5. AIRPORT HOURLY CAPACITY. Calculate the airport hourly capacity as follows:

a. Calculate the hourly capacities of the runway, taxiway, and gate groups
conponents and determne the hourly demands on each.

b. Calculate the demand ratio for each cauponent by dividing the conponent
demand by the runway conponent demand.

Chap 3
Par 3-3 15
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. c. Calculate the conmponent quotients by dividing each components capacity by
its demand ratio.

. d ldentify the airport hourly capacity, i.e., the |owest quotient calculated
in c above.

3-6. ANNUAL SERVICE VOLUME (AsV). Calculate the ASV as foll ows:

ol a. Calculate the. weighted hourly capacity (G, for the runway component as
ol | ows:

(1) Identify the different runway-use configurations used over the course
of a year.

(2) Determine the percent of time each runway-use configurationis in
use (Py t hrough Pp). Include those times when the hourly capacity is zero, i.e.,
the weather condifions are bel ow airport mninmums or the airport is closed for other
reasons. If a runway-use configuration is used |ess than 2 percent of the tine,
that tine may be credited to another runway-use configuration.

(3) Calculate the hourly capacity for each runway-use configuration
(cy through cp) .

(4 Identify the runway-use configuration that provides the maximm capa-
city. Cenerally, this configuration is also the configuration most frequently used.

) Divide the hourly capacity of each runway-use configuration by the
hourly capacity of the runway-use configuration that provides the maximum capacity.

~ (6) Determine the asv weighting factor (Wy through W) for each runway-
use configuration from Table 3-1.

Table 3-1. ASVwWeighting Factors
Percent of WeightingFactors
Maximum VFR IFR
capacity Mix Index |Mix Index | Mix Index
(0-20) (21-50) (51-180)
91+ 1 1 1 1
El-90 5 1 3 5
66-80 15 2 8 15
51-65 20 3 12 20
050 25 4 .16 25 |

chap 3
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(7) Calculate the weighted hourly capacity (G, of the runwaycomponent
by the follow ng equation:

3 (P1°C3°Wy) +(P2°CaW3) +...+(Py*Cph*Wp)
G (P °Wy) +(Pa°W3) +...+ (P, W)

b. Calculate the ratio of annual demand to average daily demand during the
peglk mgn;h (D). Typical annual demand to average daily demand ratios are provided in
tanle 3-2.

~¢c. Calculate the ratio of average daily demand to average peak hour demand
during the peak month (H). Typical average daily to average peak hour demand ratios
are provided in table 3-2.

Table 3-2. Typical Demand Ratios

M x I ndex Daily (D) Hourly (H)
020 280- 310 7-11
21-50 300- 320 10-13
51- 180 310- 350 11-15

d. Calculate asv by the fol | owi ng equation:
ASV = Cy,°D°H

3-7. HOURLY DELAY TO AIRCRAFT ON THE RUNWAY COMPONENT. Hourly delay cal cul ations
described in this paragraph apply to t hose hours when the hourly demand does not
exceed the hourly capacity of the runway conponent. FOr those hours when the hourly
demand exceeds the hourly capacity ofthe runway component, paragraph 3-9 cal cul a-
tions apply. Calculate hourly delay as follows:

a. Calculate the hourly capacity of the runway component for the specific
hour of interest.

b. Ldentify from figure 3-2 the figure nunber for delay (for the arrival
del ay index (apI) and the departure del ay i ndex (ppI)).

C. ldentify the hourly demand (HD) and the peak 15 minute demand (Q)
on t he runway component.

d. Calculatetheratio of hourly demand to hourly capacity (D/C).

e. Determne the arrival delay i ndex (ADI) and departure delay index (DDI).

Chap_3
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f Calculate the arrival delay factor (ADF) and departure delay factor (DDF)
by the f&ow ng equations:
ADF = ADI-(D/C)
DDF = DDI-(D/C)
g. Calculate the demand profile factor (DPF) by the following equation:

1000
DPF BD

NOTE: Airports with a high percent age of air carrier activity nor mal | y have a DPF
of 50 percent. Airports with a high percentage of generalaviation activity nor-
mal |y have a DPF in the 30 to 35 percent range.

. h  Calculate the average delay for arriving aircraft (DAHA) and departing
aircraft. (paHD) figure 3-69.

i. Calculate hourly delay (DTH) by the following equation:
DTH = HD(PA-DAHA+(100-PA) *DAHD) /100

3-8. DAILY DELAY TO AIRCRAFT ON THE RUNWAY COVPONENT WHEN THE DY C RATIO IS 1.0 OR
LESS FOR EACH HOUR. Calculate the daily delay as follows:

d. For each hour, calculate the hourly delay to aircraft on the runway
conponent .

b. calculate the delay for the time period in question by summing the delay
for each of the hours.

3-9. DAILY DELAY T0 Al RCRAET ON THE RUNWAY COVPONENT WHEN THE D/ C RATI O | S GREATER
THAN 1.0 FOR ONE OR MORE HOURS. Calculate the daily delay as follows:

a. Identify the saturated time peri ods. A saturated period consists of
the consecutive hours when demand exceeds capacity (termed the overload phase) plus

t he subsequent hour (s) required to acconmopdat € the residual demand (termed the
recovery phase).

b. For each saturated period (Overl oad plus recovery phase) , cal cul ate the
del ay t 0 aircraft as follows:

(1) Determine the duration of the overload phase.

(2) Calculate the hourly AD/C ratio during the overload phase, i.e., the
sum of the hourly demands during the overload phase divided by the sum of the hourly
capacities during the overload phase.

(3) Deternine the percent of arrivals (PAS) for the saturated (overload
pl Us recovery) period.

(4) Determ ne the ADI and the DDI for the saturated (overload pl us
recovery) period.

Chap 3
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~ (5) Calculate the arrival delay factor (apr) and departure delay factor
(DDF) using the follow ng equations:

ADF = ADI-(AD/C)
DDF = DDI- (AD/C)

(6) Determne the average delay per arrival (DASA) and per departure
(DASD) during the saturated (overload plus recovery) period from figure 3-70.

. (7) Calculate the delay in the saturated period (pTs) by the following
equation:

DTS = (HD;+HDy+...+HDp) * (PAS*DASA + (100-PAS) DASD) /100, Wher e
HD; through BD, = Hourly demand during hours 1 through n of the saturated period.

c. Determne for each unsaturated hour the delay in accordance with the proce-
dures in paragraph 3-8.

el d Calculate the total daily delay by sunmng the saturated and unsaturated
el ay; .

3-10. ANNUAL DELAY TO AIRCRAFT ON THE RUNWAY coMpoNENT. The fol | owi ng procedure
uses 24 representative days, one VFR and one [FR Tor each calander month. O her
increments of time may be selected. [If the airport has considerable fluctuation in
operations dur i r\ll%the week, or if a nore precise delay determnation is needed, one
representative VFR and one representative IFR day should be used for each day of the
week. Variation in seasonal traffic will require repetition of these conputations
for each season. Airports which have consistent patterns of operations throughout
the week and year require fewer conputations.

a. Convert annual demand to average day demand for each nonth.

(1) Distribute the annual demand to the 12 cal endar months to account for
seasonal variations in traffic.

(2) Dpevelop average day demand by dividing the monthly demands by the
nunber of days in the respective nonth.

i OIb Adj ust the average day demand to account for differences in VFR and IFR
emand. .

(1) Determine from weather records the percent of the tine that IFr and
PVC operating conditions prevail (S$IFR).

(2) Determne from traffic records the percent IFR (and PVC) demand to
VFR demand ($IFR denand).

Chap 3
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(3) Calculate the representative VFR day demand (VFR demand) and repre-
sentative IFR day demand (IFR demand) by the follow ng equations:

- (Average day demand)
VFR demand = 7 3TPR(1-$1FR demand/100)/100

| FR demand = VFR demand . $IFR demand/100

c. From historical data, develop a breakdown of hourly demand for the repre-
sentative day(s).

d. Calculate the representative daily delays.

e. Determne nmonthly delay by nultiplying the representative daily delays by
the nunber of days it represents and summng these quotients.

f. Sumthe nonthly delays.

3-11. 'HOURLY DEMAND CORRESPONDING TO A SPECIFIED LEVEL OF AVERAGE a%x_.z DELAY.
Determne the hourly demand which corresponds to a stipulated average level of delay
by trial and error, i.e., using a graphical plotting of delay versus demand.

Cha;
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HOURLY CAPACITY BASE c¢*
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[--PERCENT ARRIVALS
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0O
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(OPERATIONS PER HOUR)

UL
(=)

HOURLY CAPACITY BASE (C*)

2

0
0 20 40 60 80 100 120 140 160 180
MIX INDEX -- PERCENT (C+3D)

TOUCH &

Percent
Touch & Go

GO FACTOR T
N x | ndex--

percent (C43D) TOUCH &« GO PACTOR T

oto 180 00
10 oto 70 04
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LK

X E =Hourly Capacity

i

1
2.

EXIT FACTOR E

To determineExit Factor E:

Determine exit range for appropriate mixindex from table bel ow

Por arrival runways, determine the average nunber Of exits(N) which
are: @Wthin appropriate exit range, and (b) separated by at
least 750 feet

If Nis 4 or more, Exit Factor= 1.00

If N 4s | ess than 4, determine exit Factor from table bel ow for
® ppropriate mix index and percent arrivals

N x

Percent (C+3D)

Exit Range T _FACTOR

I néx- - (Feet fron | A00ATT] 508 [Arrivals

E
B0B JA T1Val s
7

threshold) N O[ n=1] NO w b~ N=1

0
21
51
81

2000 to 4000 7210.87 0.86 94
0.84]0.93
0.83 91
0.88 94

0.91 96

0.67
0.72
0.73
c.77
0.79

to 20 0.84
to so
to 80
to 120

to 180

3000 to
3500 to
5000 to
5500 to

0
5500 0.79]0.86
6500 [0.79]0.86
7000 |0.820.89
7500 ]0.86 |0.94

Floure 3-3,

HOURLY CAPACITY OF RUNWAY-USE DIAGRAM NoOsS.: 1,54

For YFR conpITIONS

HOURLY CAPACITY BASE C*

I—-— PERCENT ARRIVALS

b

—
[

(OPERATIONS PER HOUR)

HOURLY CAPACITY BASE (C*°

2040 60 80 100 120 140 T6U 180
MIX INDEX -- PERCENT (C+3D)

TOUCH & GO FACTOR T

T=1.00

L2

=

X T X = Hourly Capacity

E
P 3

EXIT FACTOR E

To determine &it Factor E:

1
2.

3
4.

If N

Determine eXit range for appropriate mx index fromtable bel ow

Por arrival runweye, deternmine the average nunber OF exits(N) which
are: (a) within appropriate exit range, and (b) separated by at
least 750 feet

is 4 or more, Exit Factor = 1.00

If N ie less than 4, determ ne Exit Factor
[ ] pproprlate mix index and percent arrivals

from tabl e relow for

M x | ndex--
Percent (C+3D)

EXIT FACTO E

408 JArrival8 | 508 [Arrd
N=0 Nen

Exit Range

(Feet from
t hreshol d)

als | Arrivals
NeZ Nwl § Ne2
or 1] or 3

0
21
51
81

121

2000 to
3000 to
3500 to
5000t o
5500 to

4000
5500
6500
iooo
7500

to 20
to S0
to 80
to 120
to 180

5.0 T16.73]0. %0
LEE LR 21083 0.9!‘
L0 84l .92
©.u7]0.34

0.93]6.97)

[0.62

0.72
0.75

0.80 *.R7|N.34
0.94

FIcuRe3-4.
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HOURLY CAPACITY BASE C*
220
2008+
EN L PERCENT ARRIVALS
180 [
T
£ 1608 /
3 I
w > -
g 5140 s
=i ,
23 N il
Skl 40
> g_-' Pt} - s
28 8 50
£ 60
60 i :
[
Ty i1 !
40
2
0 20 40 60 80 100 120 140 160 180
MIX INDEX -- PERCENT (C+3D)

9/23/83

TOUCH & GO FACTOR T
Per cent Mix Index--
Youch & G0 [ Percent(C+3D) TOUCH &« GO FACTOR T
0 0 to 180 1.00
1 to 10 oto 70 1.03
11 to 20 0to 70 1.05
21 to 30 0 to 40 1.08
31 to 40 0to 10 1.15
41 to so 0 to 10 1.20

=2

X T X E =Hourly Capacityl

c.

EXIT

Factor E:

FACTOR E

To determine Exit

1. Determine exit range for appropriate mix Index from table below

2. For arrival runways, determine the average nunber of exits(N) which
are: (a)_Within appropriate exit range, and (b) separated by at
least 750 feet .

3. If N s 4 or nore, Exit Factor = 1.00
4. If N is lessthan 4, determine Bit FACTON fromtable bel ow for

appropriate nix index and percent arrivals
Exit Range EXI|T FACTQR E

P:lx Index;- (Feet from 408 ArriJal8 | 508] Arrijals | 60 A|Arrivals
rcent(C+3D) [ ehreshold) [N O nel| N2 N O n=l N2 N O NT [N2
or 3 or s ors

00 20 2000 to 4000 J0.62[0.79]0.90]/0.62]0.79]0.90[0.62]0.79]0.90
21 to 50 3000 to 5500 |0.72]0.83]0.93/0.72/0.83/0.93]0.72]0.83]0.93
51 to 80 3500 to 6500 J0.75/0.84f0.92f0.75[(0.84f0.92]0.750.84f0.92
81 to 120 5000 to 7000 |0.80/0.87|0.94|/0.80[0.87]0.94(0.80]0.87]0.94
121 to 180 5500 to 7500 J0.85]0.9610.98/0.83/0.93/0.97]0.830.930.97,

FIGURE 3-5,

"HOURLY

220

CAPACITY BASE ©&*

20

- PERCENT ARRIVALS

bt
o

(%))

—
£
(o)

B

'
[on)

(OPERATIONS PER HOUR)

HOURLY CAPACITY BASE

60}

40

2

0
0 20 40 60 80 100 120 140 160 180
MIX INDEX -- PERCENT (C+3D)

.
e > x

2 Y
HOURLY CAPACITY OF RUNWAY-USE DIAGRAM No.jFOR JrRCOND\TIONS.

TOUCH & GO FACTOR T

Per cent Mix Index--

Touch & Go | Percent(C+3D) TOUCH '« GO

FACTOR T

o 0 to 180 .00
to 10 0 to 70 02
20 oto 70 04
30 0 to 40 08
40 0 to 10 13
to so 0to 10 17

E =Hourly Capacity

Z 3

EXIT

1o_Oeterming exie Factor &
1. Determine exit range for appropriate mx index from table bel ow

2. ror arrival runways, determine the average nunber of exits(N) which
are: (a) Within appropriate exit range, and (b) separated by at
least 750 feet
If N g8 @ Oor nore, Exit Factor = 1.00

If N isless than 4, determne Exit Factor from table below for
appropriate ni X index and percent arrivals

FACTOR E

Exit Range
Mix Index-- (Feet  from
Pe 3D, hreshold)

EXIT FACTOR E

40\ Arrivals | 508 Arrivals | 60% Arrivals

N=Q | N=1 | N=2 | N=0 | N=1] Nw2 | N=0 | N=1 | ¥=2
or 3 or 3 or 3

2000 to 4000 To7620.79§0.90[0.6210.79(0.90 [0.62 J0.73 {0.90
3000 to 5S0C jg 72fn.8306.93|0.721n.830.9:jo.72fo.R2]0.95
3500 to 6500 10.7570.84%0.9270.750.8al0.92"0. 754 wslg s,
5000 to 7000 .80 p. 87 (0.94

0.80 Jo.870.94 0.80 f o7
5500 to 7500 Jo.830.93]0.97 f0.83 [0.93 [0.97 Jo.a3

0.94
193 §0.97

F 1 GURE 5-0.
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ROURLY CAPACITY BastE C*

L J
TILIM 4 33 FAITIR T
-
29 ..o
‘ t l ‘ : 3 1.2
i 3 L.35
290 T 3 1.8
— SERCENT ARRIVALS 32 e <0 3 10 Lot
180 l , 41 ze 50 30 i 1.4
¥
> [T 1] = 3
[PV ‘
@ R
E l l‘l’MC’ X T x E = Hourly Capacity
- *
2 2 M0 S
- . .
P gune . Rsanal EXIT FACTOR E
=12 1 \VEERSE!
L 5 ; : %; ‘-—il TO secarntne zxi: FACLON ¢
% :.qn JRA H 1. Oecermine exit range N OI appropriate mix incex from-acleveiow
s - 2. ¢SS0 @ rival rum s, 3 1, .1 umber o9f 1e3(N; «rics
hat f‘ lf‘:: (a) wrzlgantn ‘Kﬁpr‘oﬁﬁ?ﬁf@ ::x: .::::fqand (b). 'npar::ngaay‘:;r ?
> least 730 feet
%S 30 3. If£Nisd4 or more. Exit Faczor = 1.30
< T T 4. If N is less znan 4, letermine Zxi: Faczor from cable Seiow f=r
p=—a ® pproprtaw mix {ndex and percent arrivals
6
Zxit Ramae £X:IT FACTOR L
Mix Index-- | (peec from [ OV Arrivais . 10V Afrcvais | 50V Arriva.s
4 Percent(Ct D) |  cnresnoid) [Tag TReL] 3e2T N0 | wmt | Ve im0 [ Net | el
,ar 2 ; or 3 lnr 2
3 0 I8 2000 zo 4083 3.731C.33{).74}3.721%,2670.38§0.49 *).94{:.)1
20 2l o SO 3000 =0 5500 10.3310.31(2.2713.30}2,39}3.96{2.77[2.5615.34
U [40 b 8 100 MU 14 16 18 $1 0 130 1500 20 4500 12.35§0.21[2.72610.32]7.39{1.3540.790.3712.33
3% =0 120 S000 zo TG00 §0.3910.3317.3730.3719.31(3.35|%.94 0.49!175
|\/||X |NDEX - PERCENT (C*SD) 22l %o <80 5500 <3 7500 to 37i: gai3 colo aric a7tn 3940 9000 25:3 38
FIGURE 3-7. HOURLY CAPACITY OF RUNWAY-USE DIAGRAM NO. 5 FOR VFR CONDITIONS.
HOURLY CAPACITY BASE C* TOUCH & GO FACTOR T
Percen Mix Index=-- . o= o - -
Touch & GO P-rt-nt(c:m) ToucH ¢ O racconr B
220 Q 0 to 180 1.30
T 1l to LO 0 =@ 70 .32
et 1l o to Oto 70 1.2
200 T 1w 30 02 40 1.38
— ~PERCENT ARRIVALS 31 o 40 oto 10 WY
180(%%: / 41 to so 0 to 10 1.14
—~ ot / -
.  UNEE! ?
3;15U A NS
1 . _ -
H . — |“|’[c X T X E = Hourty Capacity
2 2 100N . -
1 1 i
‘°§ ERNA\ VSRR
T : I
Z o 120N EXIT FACTOR E
;’g e r;\ h‘.l-‘.r"ﬂ'!;. TO dacarstne oxit Pactor t:
=1<- :100 L . ‘ . - UO L 1 Oetermine oxit range Ior appropriate mix index Irom table delow
[ é I - 2. Por arrival runways, determine e sverage aumdersf ® X|t8tN waiza
[red T H are: (a)vithin appropriate exit range, ® & () separated B at
: % T~ least 750 feet
°=,=- 80 ! 3. If Nis4or more, Exit Factor = 1.30
= 4. If ¥ is less =han 4, Jetermine Zxi: Paczor iron table deiow for
= 60 x ® ppruprtatmaix index and percent ® rrtval#
wx Ine Zxit Range z2XIT PACTOR % |
Mix Index-- (Feet Izo . $Q zival J8 Arcivals
50l Percent(Col0) | encesnolar  [roeediiallbbeietll ALt o
or 3l or or 1
I %0 0 2000 o 4000 (0.75{3.3813.3415.72]0.36{3.34|0.59]0.34)2.32
20 21 to so 3000 =0 $%00 [9.33[0.31)D 3740 31}2.2910.36{0.73§5.37{3.3¢
1 3 s1 =0 80 1500 =0 5500 (2.35{0.71}5.25]35.32{0.39{0.34{7.30 3.58!’.‘ 34
o 0 4 60 30 00 129 140 160 130 il =0 120 $000 o 000 }0.2910.3312.96{0.37{0.31{0.96{0.34{3.?
MiX INDEX -- PERCENT (C+3D) 121 =0 130 5500 zo “s00 o 3713, 2aii 290)2,3080,.36142,3813.381¢C,

FIGURE 3-8. HCURLY CAPACITY CF RUNWAY-USE DIAGRAM NOS. 7, 8, 76, 91 FOR VFR CONDIT:ONS.
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