
AC 150/5060-5
Appendix 2

9/23/83

EXAMPLE 4. Identify the constraining component under VFR conditions of the example
airport. Use previously calculated data.

S0LuT10BT: The work sheet below illustrates one method of recording data.

1 Capacity and Demand. The airport components, hourly capacities and demands
obtainid fram examples 1, 2, and 3 are entered in columns 2 and 3 of the work sheet.

2 Demand Ratio. Divide
in column 4.

3 Camponent Quotients.
ratio ind enter in column 5.

each component demand by the runway demand and enter

Divide each components hourly capacity by its demand

4 Constraining Component.
(i.e. 64).

Identify the lowest component quotient in column 5

I

Dewmd Ratio' 1 Ccmponent Quotient
Hourly Componet Demand Component Capacity

Component and 1 Runway Demand- -, 1 Demand Ratio
I 2 3I I 4 5 I

Runway 89 50 50150 = 1.00 8g/"AO = 89

I Twy XiW A I j07 1 20 1 20/50 = .bO ~,07/.40 =.257
\

n@Jy xing B 125 24 24/50 = .48 I%/.-48 z 260_

Gates 29 27 27&O = 054 2g/.54 = 54

W&k sheet for identifying the constraining component.

5 Corw=lusion. The constraining component is the terminal gate cauplex which
limits'the airports hourly capacity to 54 operations per haul:.

?igurt A24 0 Airport hourly capacity
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EXAMPLE5, Determine the ASV of the example airport assuming there are 219,750
annual operations, 690 average day operations and 50 peak hour operations.

SOLUTION: The work sheet on page 12 illustrates one laethod of recording data.

1. Calculate Cw.

a. Runway-use Configuration. Identify the different  runway-use conditions
used over the course of a year and the mix index for each use. Enter in columns
1 through 4.

b Percent of Use (P).
is used a;d enter in column 5.

Identify jzhe percent of the time each configuration
The figures shown on the work sheet in column 5 are

hypothetical.

c. Runway Hourly Capacity (C). Calculate the hourly capacities of oper-
ating conditions as in example 1 and enter in column 6. Example 1 data are used for
operating conditions 1 and 2.

d Maximum Capacity Configuration.
that provides the maximum capacity.

Identify the runway-use configuration

e. Percent of Maximum Capacity. Divide the hourly capacity of each runway-
use configuration by the capacity of the configuration that provides the maximum
capacity and enter in column 7.

Operating condition 1 89/89 = 100
I a 2 51/89 = 57
a a 3 62/89 - 70
a8 a 4 52/89 - 58
a a 5 59/89 - 66
a a 6 46/89 = 52

f ASV Weighting Factor (W) Pram Table 3-1, identify the weighting factor
(w) for &ch operating condition and'enter in column 8.

Table 3-1. MVIUghtingIhc-r

I Fmrcwat  of I lbighting ?actaa
E

mxr
I

-P=m Ias In&r Mix Ix&x mx rndrr
(O-20) (2140) (51480)

1
91+ 1 1 1 1

1
U-90 5 1 3 5

I
6660 15 2 8 ls

SldS 20 3 12 20
1L

o-so 2s 4 16 25 .*

Figure A2-5. Annual service volume
. .
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1 l’lu uxxeur -F=
aarm Index (PI (C)

d 4 4 6 uA 1
\b- . 62 91 74 5 89  51 loo 57 20 1 1

5 VFR 62 4 59 66 15I

6 rm 91 4 46 52 20

7 IFR Below - 3 25
l

Work sheet for ASV factors.

g. Weighted Hourly Capacity (C& Calculate the weighted hourly capacity
using the follcwing equation:

cw
m

(PlClQ) + (QC2W2)  + l o l (PnGWn)

(PlQl + (QW2)  + ..* (P&J

cw m (.74.89.1) + ( .05*51*20) + (.05*62*15) + (.05~52~20) + (,o@!jg.l5) +
L74°1) + (.05°20) + (.05*15) + (.05*20) + (,04015) +

(.04046*20) + (.03eO"25)
(.04*29)  + (.03025)

cw
287.56 'm

5.64 oc 51 o p e r a t i o n s  per hour,

2 l Daily Demand Ratio (D) l Calculate D using the equation:

D- 2hnual m 21g,750 s 318
Average Day-peak month 690

3 l Eaarly Demand Ratio (H). Calculate H from the equation:

ET- Average Day-qeak month m 6go II: 14
Avetage Peak -x&peak month 50

4 0 Calculate  ASVe ASV is calculated from the equatiosr ASV%*DeH

ASV - 51*318*14 * 227,052 operations per yeat.

5 . Canclusion. ASV is an indicator of the annual operational capability of an ,
airport adjusted for differences in hourly capacities whiCh occur aver the camse of
a mate fn this example, the airport theoretically could. have accmted and

. add~tfonal 7,302 operation8 dud!@ the ware

?igure U-5* Anmal 8ervice vof (cont.)
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EXAMPLE 6. Determine the hourly delay in VFR and IFR weather conditions for the
example airport in its predominate mode of operation. The peak 15 minute demand in
VFR is 20 operations and in IFR it is 15 operations. Extract necessary data from
examples 1 through 5.

SOLUTION: The work sheet on page 16 illustrates one method of recording data.

1 Hourly Capacity. Enter the hourly'capacities calculated in example 1
(89 VF& 51 IFR) in column 5.

2 Identify Delay Figure
runwaykse configuration as NOe

NOS. From figure 3-2 (illustrated), identify the
43 and figures 3-85 and 3-91 for determining VFR and

IFR delay, Enter in CO~U~S  2, 3@ and 4,

Ruuurr-USA  D~ncrur
TDtrc.

wo,
43
II
4s
46
u
40
19
so
51
s2
s3
sr
CCI

Ruttur~  lrtrrtrcttoa
Dtttrttct  IN FEET- -

1x1

oto1999
2wo to 4999
sow to moo

OTO 1999
2ow to 4999
m T O  #)(10

OTOl-

20@ T O  -

sooo  T O  #100

@TOi=

= T O  m

m T O  8ooo

OTr,Iaoa

Ftaa
For CAPACITY

VFR IFR

$27 ss9
w0 Ho
H9 S61
3-H). 562
531 x3
H2, 3-64
S27 349
3-20 f-60
349 S61
530 H2
3-31 MS
s 3 343
VW l cm

1 For

VFR
34s
H6
346
H6
Hl
3-71

3
c0lumn~6~

DeMndSe Enter the hourly demand from example 1 (50 VFR, 34 IFR) in
and the 15 minute demmds of 20 VFR and 15 IFR in column 7,

4 l Demand/capacity  RatiOe Calculate the D/C ratios and enter in column 8.

D/C ratio VFR = SO/89 * 0.56

D/C ratio IFR - 34/51 = Oe67

5 IDelay  IndiCeS.
delay index

From figure 3-85 an& 3-91 (illustrated), obtain arrival
(NI) and @e&rture delay index (DDI) and enter in columns 11 and 13.

Enter &ample 1 mix indices in column 10 (62 VFR, 91 IFR) and percent atrivals in
COlUmn 9 (459 VFR, 559 IFR)e

Figure M-6. Burly delay
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A R R I V A L  DtLAY  BNOEX
4aR ARRfVMs sx ARRIVnls

r: 1.0
3

0.8

2 1.0
8

p
0.8

& 0.6
1 0.4

p 0.8 % 0.8
1
* 0.6
ad 0.4
w
g 0.2

= 1.0
Q
B

0.8

5 0.6
a

%

0.4

0.2

f: 1.0
8

jI.8

* 0.6
ia

c

0.4

tl
0.2

Ftcun~  3-85.  Darrr ~~mrcrs FOI ~AY-M DlAoull IDS.:  43,49,55,61 foa HR cowtfom

VFR ADIat40%*0.90 VFR DDI at 40% - 0.90
w w 50% = 1.00 I) a 50% = 0.67

(I 45% - 0.95 I a 45% - 0.78

= 1.0
8
ii 04
:a 0.6
1 0.4

0 0.2

= 1.0
Q

0.8

* 0.6
a

0.4

0.2

I Flcurtr 3-91, Ikur IIDICES  FOI IOYAY-USE DlAclMll  mses  2,3,2,9,32-35,3t-13,19,5S,61~,72-7c,76,
77,79,~,~-85,Bt-~,91,~,~,%,~-1~,~~  fm IFR comnoas.

IFR AD1 at 50% - 1.00a 0 60% - 1.00a a 55% = 1.00

Uilt AD1 at 50% * 0.57I) a 60% - 0.38a a 55% - 0.47

Figure A2-6. Ealtly aelav (cont.)
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6 Delay Factors. Calculate the arrival and departure delay factors (ADF and
DDF) ding the equation ADF = ADI. (D/C) and DDF = DDP(D/C). Enter results in
columns 12 and 14,

ADF for VFR =.0.95eO.56 = 0.53 DDF for VFR = 0.78*0.56 = 0.44.
ADF for ,IFR = l.00*Oo67 = 0067 DDF for IFR = 0:47~0.67 = 0.31

7 Demand Profile Factor (DPF). Divide the 15 minute demand (column 7) by the
hourly'demand  (column 5) and mltiply the result by 100. Enter results in column 15.

DPF for VFR - (20/50)*100  = 40%

DPF for IFR = (15/34)*100  = 44%

8 Determine Averaqe Delay. Using figure 3-69 (illustrated), the delay fac-
tors (columns 12 and 14), and the demand profile factors (column 15), determine the
average delay to an arriving and a departing aircraft for VFR and IFR conditions and
enter in column 16 and 17.

2

0
0 0.2 0.4 0.6 0,s 1.0

ELAY FACTOR

Fiuure A24 umrly &lay ( c o n t . )
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9 Hmrly Delay.
enter in column 18.

Calculate the hourly delay using the following equation and "

Hourly delay - Hourly  demand C(% arrivalwaverage arrival delay)
+ (% departurewaverage departure delay)]

Delay in VEB = 50 f(0.45~1.3)+(0.55~0.95)]=  55 minutes

Delay in IFR = 34 [(0.55~2.8)+(0.45*0.06)]-  53 minutes

rig. lb.

A 43 85 89 50 20 p.56 45 62 .g5 .53 J8 .U 40 1.3 .95 55 7
43 91 51 34 15 067 55 91 1.00 067 .47 .31 44 2.9 .60 53

I

1

I

Work sheet for hourly delay.

10. Coxzlusi&. Because the demand is significantly less than capacity, and the
scheduled airlim QPerations  are reasonably constant in VE@R or IFR weather conditions,
there is little differerwe  in the minutes of delay experienced An the typical VFR or
IFRhaarr,

Figure A2-6. Harrly delay (cont.)
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EXAWLE  7. Pbtermim the daily delay in VFR conditions for the example airport.
The haurly &mand for a typical VFR day is as plotted. IMnand is alway less than
capacity. For demands of 11 to 44 operations per hour 8 arrivals equal departurer.
For demands aver 44 -rations per hax, the arrival rate drops to 45 percent. HO*
abatement practices limit the airport to the use of one runway froaa 1O:OO pm to 7800
am.

%

Y)o
z24
Eli
18
16
14
12
1Q
8
6
4
2
0

0 2

-

-

-

-

-

-6 8 10 12 14 16 18 20

TDB (24EaurClook)

Histograph of daily demand

S0LuT1oN: The work sheet on page 18 illustrates one method of recording data.

.l. Calculate Capacities. Calculated runway capacities for the different
operating conditions are illustrated belaw. Assumptions mre made for demand,
aircraft mix, and percent of touch and go's for the first four operating comlitiau.
Data fraa example 1 are used for the fifth aperating condition.

4 0 5 5 5 0 5 ” 20 ““”

50 8 ! " ! g4 !1.031 .g2 1 @

62 1 45 t 12 lyl45l6d I 2 I 88 Il.06 I 34 I I

Figute M-7. Daily delay, D/C ratio equal or less than LOO
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2. Calculate Haxrly Delay. The hourly runway delay calculations of example 6
are repeated 24 times to develop average arrival and departure delays per aircraft
and the minutes of delay for each hour. Assume the demand is fairly uniform so that
the DPF (column 11) is 25 when the demand is less than 10 operations per hour. When
the demand is 10 or more8 the DPF is 40. Forty percent of the operations occur in a
15 minute period whenever the demand is 10 or more.

c

.

.

r

.

.

.

.

.

.

.

.

.

.

.

r

I

r

I

I

I

I

I

r

r

m

ARlrr. ml8y Hourly
mhY

Art. 011. mu 8
111 l3 14

r

0 0 0

&Utl3?/ .D/c
East Bd8c. wauad amcitY nrtio
1 2 3 4 s.

1 92 .Ol24:00-91:00

03roo-o4:oo

0410043:00
I

0 1 I
2

30 .,

45 .,
62 ,,

L
w I
11 ,
w A

30 ,,
62 4
w

62
45 ,
5 ,,
w
5!
2 1 I

O !,

.640S100-08100

0180047:08

07809a9:oo

08:00-09:00

098~1o:oo 48
-G-
.26
A

.16

108~lb08

11809-12899

128~l3899

w

0 .26 w .16 f?
13899-14899

148~Us99

lS809-16199

19809-17899

1710~18:99

18899-19899

19,99-20899

20:99=2lt99

21:00-22899

22800-23109- -
23~~24299

w w -21

1.00 023
0 39095

w 422
31

.44
w.43095

l.oc 22
.18

.28 w

n .ll
W .06

.06l.oc .lO
.64 .04 .04 -25
.64 003 .02 ~ 25

Work sheet for daily runway delay.

3 0 Total Delay. Sum the hourly delays, i.e. 295 minutes.

4 Comlusion. The 295 minutes of &lay for the day is influenced by ache-
duling'practices  within the ham

Figure A2-3. Daily delay, D/C ratio equal or less than 1.00 (cont.)

18



g/23/83 AC 150/5060-S
Appendi% 2

-LE 8. Determine the daily delay in VFR conditions if the example airport
closes the north-sarth  rumvay and the demand during the 3:00 PMto 6:00 PMtim
period is increased to exceed the runways capacity.

-

-

-

-

-

-

-

-

-

-

-

-

-

-

B
2

-

-

-

-

-

-

-

0

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-
-
-
-
-
-
d 8 1 0 12 14 16 20 22

v (24~ClocL)

24

Ustograph of daily demand,

SOLUTIONS !Cb work sheet cm page 21 illustrate one method of recording data.

1 0 Identify Saturated Tim Periodq:

a. Calculate Capacities. Calculated runway capacities for the single run-
way condition are illustrated belaw. Sime operations are limited to a single
runway, capacity values will differ fran those of .exam@e 7. Enter data from belaw
and fran example 7 in colunum 3, 4, 6, and 11.

ilErirD
a
a2

20
7

1 0
1

0

12 1

1 0

Work sheet fpr capacity.

Figure A2-8. Dnily delay when D/C ratio is greater than 1.00
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b
histograph:

Identify Saturated Period. Cumpare calculated capacities to the demand
.The time period from initial overload through recovery (15:OO to ZMM)

is the saturated period,

I Time Period Demand Capacity

14:00-15:oo 32
15:00-16:00 61
16:00-17:00 65
17:00-18:00 60
18:00-19:00 38
19:00-20:oo 17
20:00-21:oo 10

Overload
(Ikcovery)

69 0
55 6
55 10
55 5
55 (17)
55 (4)
92 0

Cuxnulative
Overload

0
6

16iL1
4
0
0

2 Saturated Period Delay.
as f0l;aws:

Calculate the delay for the saturated period

a. Duration of Overload Phase. Identified as 15:00 to 18:00 hours.

b 0 AD/c Ratio. Calculate the AD/C ratio for the overload period and enter
in column 5.

AD/c = 61+65+60 - 186 - 1 13
55+55+55 165 .

m

.

c. Percent Arrivals. Given as 45%.

d Delay Indices.
solumns 7 ind 9.

Obtain AD1 and DDI from figure 3-71 and enter in

AD1 at 40% = 0.74 IDI at 40% = 1.00
a 50% = 0.83 a 50% = 1.00
88 45% - 0.78 a 45% = 1.00

e. Arrival and Departure Delay Factors. Caaculate ADF and DDF for the
saturated period by multiplying AD1 and DDI by the AD/C ratio and enter in columns 8
and 10.

ADF = 0.78*1.13 = 0.88

DDF = 1.00*1.13 - 1.13

f Average Delays. Determine average delay from figure 3-70 for a 3-hour
overload phase and entered in columns 12 and 13,

Figure A2-8. Daily delay when D/C ratio is greater than 1.00 kont,)
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g. Saturated Pericd Delay. Calculate the saturated period (DTS) de&y and
enter in column 14.

DTs= (61+65+60+38+17)(45~4.9+(100-45).13,7)/100
= 241(974.0)/100
- 2,347 minutes of delay

3 fairly Delays Unsaturated Periods. Calculate hourly delays for the
unsatu;ated  periods (24:00 to 15:00 and 20:00 to 24:00) as in example 6.

1 I "-rival mlay kprrt. lblay bhy amt. mlay saatly
Nhtx mctor Index -toe mctoc mirNat8r) -layI .

Bout MbC. l&mar& cap8clty1R8tfO Indsx AD1 AD? DL)I DDp DP? k?. I DhP. (Hllub8~
1 2 3 4 1s 6 7 8 9 10 11 12 1 13 14

. I . I I I
24:0041:00

02:00-03:00

05:00+6:00

lS:OO-16&O

16:00-17100

17:00-18:oO

18:00-19100

19:00-20100

20100-21800

21:00-22:oo

22:00-23800

23:00-24100

1 92 - - -I-I-I-.
0 n -.

t
1 I . I 1
1 I I 1 .

0 tt I - - - -

0 tt - - -
I

0 tt - - - - - -

3 ” .03 5 .65 .02 .so .02 40 .o.o 0 . 0 0 ,1
1 IO i 92 1 .II 1 5 1 .651 .07 1 .5o 1 .& 1 ” 10.1 10.0 1 1 I
I- !'

I 1-n -1 -I . . . I
I I I I I I I I I 1 t

20 69 .a 30 .70 .20 052 .15 ” 0.2 0.2 4
- -

63 .62 45 .72 .45 .64 .4o ” LO 0.8 35
, . I n 3

1 45 62 1 .73 62 1 . .67 .49 .74 1.54 I w 1.1 1.4
33 69 l 48 30 .70 034 .56 27 n 0.6 0.4 17
25 n a 36 tt tt l 25 l 52 l 19 n Oeh Oe2 8

1 1
25 n l 36 tt 1’ l 25 l 52 l ly � Oe4 Oe2 8*,

tt a43 � � l 30 53 l 23 1�.
I w I 60 I-461 ‘3O IaTO1,32 I :%I.26

Oe5 Oe3 12
140 IOe61Oe41 16 I

1r

65 ” )leI3 71 l 78 l 88 I.00 1.13 40 u be9 lye7 2347 .60 “j I
/

38 1’ I

,I7 55
10 92 l ll 5 l 65 l O7 l 50 l O6 40 Oel OeO 1

.
1 0 tt l 1 1 " " l O7 � l O6 � 0.1 OeO 1L

6 1’ l 07 ” ” l O5 � .04 1’ OeO OeO 0 4’
4 92 l O4 51 l 65 l O3 .50 .02 40 OeO OeO 0

L a 1

Work sheet for daily delay when.D/C ratio is greater than 1.00.

4 Daily Delay. Sum the hourly delays for the saturated and unsaturated
per&, i.e. 2,507 minutes.

5 . Conclusion. When demand exceeds capacity for several consecutive hours,
daily delays increase significantly.

Figure A298e Daily delay when D/C ratio is greater than 1.00 (cont.)
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-LE 9. Determine the annual runway delay for the example airport, assuming that
the airport has an annual demand of 153,000 operations 8 a demand profile factor of
40, no runway closures 8 and relatively uniform daily demand throughout each month.

SOLUTION: The work sheet on page 25 illustrates one method of recording data,

NOTE: Use procedures illustrated in examples 7 and 8 to determine the delays for
VFR and IFR days. To allow for seasonal variations of demand, 24 representative
days are used, i.e., a VFR and an IFR day for each calender month.

1 Distribute Demands. Distribute the annual demand of 153,000 operations to
repres&tative daily demands as follows:

ae Distribute to Months. Distribute annual demand to the 12 calendar
months and enter in CO~UIDII 3, Use historical data when available.

b Distribute to Days. Monthly demand
days of thl month and entered in column 4.

is uniformly distributed uver the

January: 11~631 Werations = 375 operations/average day
31 days

2. Develop Rlepresentative Days Demands. Adjust average day demand to representative
day demands to account for differerrces'in VFR and IFR operations, as follows:

a., Percent IFR Weather, From historical records, determine the percent of
the time that IFR (and PVC) weather conditions prevail 2n each of the months and
enter in column 6.

January: 18% IFR weather .
.82% VFR weather

b Number of Representative
to days and enter results in column 7,

DiaySe ,Convert percentages of VFR and IFR weather

January: 31 days*82% VFR weather = 25.4 VFR days

31 days*188 IFR weather * 5e6 IFR days

c. Percent IFR Demand. The IFR demand is 68% of VFR demand.

d Representative Day Demands.
enter in c&m 8.

Calculate daily demand as follows and

January: 100.375
100018(1-68/100) = #f = 398 VPR ops/day

l

398*68/100 - 271 IFR ops/day

' Figure A%% hnua1 dehy
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3.
deter&e

Develcp Hcurly Demand for bpresentative DaySe Fran historical data,
the percentage of daily aperations cccuring in each hour of the day. The

percentage of demand for each hour is assumed to be the same for each representative
day whether it is an IFR or VFR day, A work sheet, similar to that on page 24, is
useful for keeping track of hcurly demands.

4 Wpresentative Daily Delay, Calculated delay for
illustlated beluw using the procedures of examples 7 and 8,

a VFR day in January is
Ebter calculated delays

in column 9.

24800-01800

01:oo-o2:00

02:.0-03:00

u - 0

0 -* 0
L

2 - -.

L 810 -

p16 97 .16

31 97‘ 032

,37 139  I*42
n w 1.28

0

l 15 l 10

l 25
A0
l 20

2

1 2

45 ” l 42 .65 1 .zr * I

30 ” .28 .63 1 .18 *

l 55
.85 23

8

03:00+4:00

0488o4s808

O7roo4hoo

08808488W

0988040880

10:00-ll:oo

11:00-l2800 2 0 w .21 ” ” l 21 � . *I3 � , l )o ml0 4,
.21 ” * .21 ” *I) l@ l p l l0 4I a

12:00-l380.

l3:00-14800

14:~ls806

lS:OO-16100

16~00~17:@0

17:00-l8800

18800-19800

19800-20800

20800-21800

21800-22800

22:00-23:OO

23:00-24:OO

T
39 & l 44 45 � l 44 .65 l a lt 1 l w .45 26 1

31 l 32 30 w l 32 l 63 l 2 0 ‘1 l sfi l 25 32 ~

I 14
I
I 97 I ,I4 I 5 IleOOI l l4 I l 62 1 lm 1 40 1,101 ,I0 1 1 1

Generally, it is not necessary to calculate delay for very low levels of demand. In
this example 8 a one minute delay was assumed for demands between 5 to 10 operations
per hour.

Figure A2-9. Annual runway delay (cont.)

23



BGm
i

Clock Daily . Jan Feb Mat Apr. my Jun .Jul .
Tim r ops I= i fm WR IFR WR IFR VFR i.IFR VFR fFR-,.VFR  IFR VFR ' II

Sep Ott 1.
W'M fFR WR! IFR m fm vm fFR_,

114 282 I430 292 i 428 1291 436 296 478 323 473 322 52 54 44ol 299 1449 1305 4 440 299 426 290I -kt00 1 4 ,398 i 271 4
12-l 1 l 2 f 11 1 11 11 11 11 11 limllm 11 11' 11 11 11 1.1 11 11 11 11a -1 - . -. -I -1 -1 aI a-1 r-m rm r1 rI r: rl rI AI ii !I iiI I r !IIl-2 1 0 , 0 0 01 0 0 01 0 01 01 01 01 Ok ‘UI Ul UI UI Ul Ul UI UI UI vi Ul
2-3 1 0 0 0 0 0 0 0 0 01.0-l 01 or- 01 01 01 01 01 01 0, 0, 0, 0, 0, 0,

UJ

01 01 01 01% 01 01 01 Ol 01 .Ol 01 01 01 01 01 - 01-
3-4 1 0 0 0 0 0 0 0 0 01 04.

,405 1 0 1 0 0 w 0 I 0 0 0 I 0mm I m I n 1 n.D nD -1 -1 -1
z

I I L
2:x I f I s ii

I.
; ; ;

1.
9[- 61 91 61 101 61 .9, 61 101 71 9, 61 9, 61 9, 61 9 6

7-8 4.1 16 1 -11 17 12 18 12 18 1121 18jm121 201 131 191 131 211 151 18.1 121 181 131 18k12i 17 12
t 8-g 17.9 31 I 21 33 26 25 41 28 35 24 24 3S 24, I 22 34 23 34 1 23 1 34 23 38 37 35 1 34, 2x
19-10 19.2 1 37 I 25 I- 313 26 40 27 39 1 27 1 40 27 44 30 44 30 48 33 40 28 411 28 40 28 39 . 27

20 29 I 191 19 1 29-l -20 1 32 1 22 1 32 1 22 1 35 1 24 1 291 20 1 30 I 20 1 29 I

112-13 I Se1 20 [ 14 I 21

114-15 18 1 27 I

, 30 1 44 [ 44 1 30 1 49 1 33 1 48 1 331 36 1 4Sl 301 46, 311 45 I

118-19 I 7.7 I 31 I 21 I 31

16-17 LO.2 41 28 1 42 29 44 30 13 I 39
17-18 I9e8 39 27 1 41 28 42 29 42 1 29 43 29 47 .32 1 46 1.: 32 1 51 1 35 431 29 44 30 43 29 42 28

2 , 22 33 22 33 1 22 34 23 37 25 36 1 25 i 40 27 34 i 23, 35 23 34 23 33 . 22
19-20 i3eS 14 ( 9 14 .lO 15 10 1s 1 10 15 10 1 17 11 17 1 1 1 18 12 15 10 i 16 11 13 1 10 13 10,
20-21 i2eO 81 S 8 6 9 6 91 61 9 61 101 61 91 6 10 7 9 61 9
21-22 12.0 81 5 8 6 9 6 91 6 9 61 101 61-9' .6 101 7 9 61 9

6 9 6 9' f.,
6 9 6

22-23 1 1.2 Sl3 5 3 3 4 313 S 4.6-4 6 4 614 S 41s
,23024 f l 8 D 31 2 31 2, 3, 21 31 2.. 31 2, 4, 3. 41 3: 41 3 4; 21 4. 4:::: 2) 1

1 24T 161 -27 1 18 1 221 1st 23 1 16 1 22 i

Representative daily demand VFR - IFR calculationa.

January l-Z:00 to 13800 hOUt8e I
VFR m OeOS1*398 0 20
IFR - 0e051~271r  lIh - *
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5
plied iy
delay is

Monthly Delay. The delay for each representative VFR and IFR day is multi-
the number of representative days and entered in column 10. Total monthly
entered in column 11.

6 0 Annual Delay. Sum monthly delays to obtain annual delay.

AC 150/5060-5
Append 2

Demand Awe.
No. per Daily Percent bpresentative Day(s) yiEL!z~

M&h Days Month Demand Wbather occur. No. of Days Demand Dehy VFR/IFR Total
1 2 3 4 5 6 7 8 9 10 11-.

3
Jan. 31 11,631 37s 82 25.4 398 163 4,140

IFR 18 5.6 271 116 650 4,790.
Feb 28 10,926 390 80 22,'4 414 185 4,144

20 S.6 282 130 728 4,872

Mar. 31 12,S61 40s 85 26.4 430 199 5,254
1s 4.6 292 146 146 5,926

Apr. 30 12,096 403 87 26.1 428 193 s,o37
13 3.9 291 14s 566 5,603

Hay 31 12,736 411 90 27.9 436 201 S&608
IFR 10 3.1 296 148 4s9 6,067

.
June 30 13,508 IS0 92 27.6 478 278 7,673

IFR 8 2.4 32s 19s 468 8,141
.!

July 31 13,832 . 446 9s 29.4 473 o 270 7,938
S 1.6. 322 190 304 8,242

I
Aug. 31 15,227 491 98 30.4 521 35s 10,792

2 0.6 354 251 151 10,943
I
Sep. 30 12,456 41s 98 29.4 440 209 6,34S

2 0.6 299 rso 90 6,23S
r
Oct. 31 13,119 423 96 29.8 499 22s 6,7OS

IFR 4 1.2 30s 162 194 6,899

Now. 30 12,456 41s 90 27.0 440 209 5,643
XPR 10 3.0 299 1so 450 6,093

Dec. 31 12,432 401 85 26.3 426 192 s,oso
IFR 1s 4.7 290 143 672 5,722

1 1

Work sheet for annual delay.

7 . Conclusion. Variations in demand contribute maze to the 79,533 minutes of
delay than weather 8 as can be seen in the difference between VFR delays and IFR
delays for any month.

Figure A2-9. Annual delay (cont.)
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EXAMPLE 10. Determine the hourly demand that results in an average departure delay
of 0.5 minutes in VFR conditions. The demand profile factor is 40, the runway capa-
city is 89, the mix index is 62, and the arrival rate is 45 percent.

SOLUTION: Use a trial demand and compute the associated de&y. Repeat for a
refined demand closer to the target delay. Plotting the calculated demand--delay
values on a graph will expedite the procedure,

1 Plot Known Point. Ron example 6, the average departure delay in VpR con-
dition: is 0.95 minutes when the demand is 50 operations per hour. Plot this paint.

2 l Calculate and Plot a Second Demand--Delay. Select a seconddemand,  calcu-
late the delay, and plot the point.

a. A demand of 25 operations per hour is selected.

b 0 The demand to capacity ratio is 25/89 OX 0.28.

c. From figure 3-85 f the departure delay index is 0.75,

d 0 The departure delay factor is 0.75*0.28 or Om2L

e. From figure 3-6g8 the average delay to a departure is 0.22 minutes.

f l Plot the point and connect the two points.

2r-4
8

a
bo
d
k
aI

1.0

09l

0.8

07.

0.6

05.

0.4

03.

0.2

0.0
15 20 25 30 35 40 45 50 55

Demand (Operations/Hour)

Demand versus delay graph.

Figure A2-10, Hourly demand at a specified level of delay
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3 Graphic Delay Demand. The 0.5 minute delay line intersects the plotted. line a; a demand of 34 operations per hour.

4
demand:

Check Graphic Derived Demand. Calculate and plot the graphically derived

a . The demand is 34 operations per hour.

b 0 The demand to capacity ratio is 34/89 or 0.38.

c. The departure delay index is 0.75.

d 0 me departure delay factor is 0.7500.38 or 0.285;  say Oo2%

e. From figure 3-69, average departure delay is 0.5 minutes.

5 Corrclusion. Limiting the demand to 34 operations per hour meets the
averagi delay of 0.5 minutes per departing aircraft.

Figure A2-10. Hourly demand at a specified level of delay (cont.)

27
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APPENDIX 3. EXAMPLES APPLYINGCHAPTER 4 CALCCKATIONS

1 . GENERAL. The examples in this appendix illustrate applications of chapter 4
capacity calculations with portions of the appropriate figures reproduced in the
examples.

2 0 E2mMPm. Fax examples, figures A3-1 thrargh A3-4, follow:

a. Hourly capacity in PVC condition (figure A+1).

b 0 Hourly capacity in tine abseme of radar cmrage ox ILS (figure A3-2).

c. Early capacity of parallelkmway  airport with om runway restricted to
small aircraft (figure A3-3).

d Hcrurly capacity of a single rummy airport used exiclusively by mall
aimrift that lacks radar or ILS (figure A3-4).
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HXAMPLE 1. Determine the capacity of the example airport in PVC conditions. Opera-
tions are limited to the N-S runway. Haurly demand consists of 25 Class C and two
Class D aircraft with a 55 percent arrival rate.

1 Capacity Figure. Fran figure 4-1 (illustrated), the runway-use configura-

tion i; diagram No. 1, and the figure for determining capacity is No. 4-2.

Diago
Rummy-we Diagram 190.

mmmy SpmCing Viribility Ifmperativ@
(8) in fWt Oonditiam

&mny-u88
I mmibr WR IFR+ + 11 NA I- 2 445 - -

A'b #
s 2a 700 to 2499 I- 3 A 4-16 w -

B 2b 2soo or mare I- 4
t.

2 . Mix Index. For 25 Class C aircraft and 2 by Class D aircraft, the mix
inde% is%

(25/27) + 3(2/27) - 93 + 3(7) or 114

3 0 Percent Arrivals. 55 percent.

Figure A3-1. Barrly capacity in PVC conditions
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4 l Harrly Capacity, Fran figure 4-2 (illustrated)@ the airport'capacity  is 46
operations per ham.

FI6uRE  4-2, hRt.Y  CAPACITY OF RUMMY-USE
DIMRAn  m,, 1.

5 .  coIClusion. Under these conditions, the airport loses 10 percent of its
capacity when the weather deteriorates frola IFR to PVC conditions.

---

Figure U-1. Hourly capacity in WC conditions (cont.)

3
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-LE 2. Determine the IFR capacity of the example airport when the glide slupe
portion of the ILS is inoperative, radar c-rage is out I and a circling approach is
used. Demand consists of 25 Class C and 2 Class D aircraft.

1 Capacity Figure. Ran figure 4-1 (illustrated), the runway-use conf igura-
tion is diagram No. 44 & 47 and t!w figure 2x- cktsrdkhg capacity is No. 4-15.

, 1999
44&47 2000 to

I 4999
4SLl8 SO00 tcpoo t--iq

I - . 1 I
2

$8 UEBei.
Inoperative Aid. The radar and glide slupe are art and a circling approach

3 0 Mix Index. For 25 Class C and 2 Class D aircraft, the ti index is8

(25/27)+3(2/27)  - 93+3(7) - 114

Figure A3-2. Barrly capacity in the abserrce of radar coverage or ILS

4
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4 . Eaurly capacity. prom figure 4-15 (illustrated) 8 the airport capacity is
26 operations per hour,

FIWE AHA. FIWIE A3-2Bn
tK#JlLY CWACITY  IN RAMR ENvim . HamY CNWITY  ICI ClollRAMR ENvIm

fI6utE  b-15,  hRLY  C A P A C I T Y  W RUIIYAY-USE  DIMRM  RDS,  1, 43-54,

5 ConclUSiOn. Airport capacity is limited to 26 operations per hour when the
glide kpe portion of the ILS or radar are inmrative and a circling approach is
used. With radar coverage, the airport capacity is 40 operations per hour.

Figure A3-2. Eamly capacity in the absenec of radar coverage or ILS (cont.)

. 5
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BxAMpLE3. Determine the VFR haurly capacity of the runway configuration depicted
below When one runway is used only by Class A and B aircraft. IEaurly demand con-
sists of 20% Class A, 15% Class B, 55% Class C, and 10% Class D aircraft with a 50
percent arrival rate.

A & B Aircraft Only

1 Capacity Figure..
tion ii diagram No.

From figure 4-l (illustrated) R the runway-use configura-
11 and the figure for determining capacity is No. 4-18.

S

a+ g 700 to 2499 4-3 4-17
10

1
2500 to 2999 I- 9 4-21

w 11 12
1

4300 3000 4-16or tomore 4299 4-10 I-11 4-18'

4- I 1. 1

2 . Mix Index. For 55% Class C and 10% Class D aircraft, the mix inBex is:

55 + 3(10) - 85

3 l Percent Arrivals. 50 percent.

Figure A3-3. Iiaxly capaciw of parallel runway airport with one runway restricted
to small aircraft

6



g/23/83 AC 150/5060-S
Appendix 3

4 . Hourly Capacity. From figure 4-18 (illustratedL  the airport capacity is
83 operations per hour.

WY RESTRICTED USE In VFR

1 rtPERCEtn ARRI

I I

I 1 .

1

m A A4

0 20 #) 60 so100l2o1401601~
MX ImEx -- fmm (MD)

FIGURE 4-18, HOURLY CAPACITY OF RUNWAY-USE
DIAGRAM NOS. 10, 11, 12,

5 . Conclusion. The capacity of a single runway under these conditions is 57
operations per hour. The capacity of full-length, parallel, unrestricted  runways
is 115 operations per hour. The capacity of parallel runways when one is limited to
use by small aircraft is 83 operations per hour.

Figure A3-3. Hourly capacity of parallel runway airport with one runway restricted
to small aircraft (cont.)
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-LE 4. Determine the hourly capacity in VPR and IFR conditions of the runway-
taxiway configuration depicted below. The airport is used exclusively by small
(Class A and 8) aircraft and there is no radar coverage or ILS facility. Arrivals
generally equal departures I and touch and go's approach the 20 percent level.

s0w!r1oN:

1 -Airport Confiquration. From figure 4-26 (illustrated), identify the runway-
taaciwai configuration that best represents theairport.

2 0 Percent Tarch-and-Go,  20 percent.

3. . Hourly Capacity. Ram figure 4026~ the range of VFR a.nd IFR hourly capacity
is 59 to 72 operations, and 20 to 24 operations, respectively.

4 Corxzlusion. The a&t &yble to accamdate 59 to 72 operations per hour
in VFR'conditions  and 20 to 24 operations per hour in IFR conditions.

Figure A%4. Hourly capacity of a single runway airport used exclusively by ~11
aircraft that lacks radar or ILS.

8
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APPENDIX 4, GLOSSARYOFSYBOLS~

%(C+3D) - mix index - the percent of Class C aircraft plus 3 times the percent of
Class D aircraft

BIFR- percent of the time that IFR and PVC operating conditions prevail
%fFR demand = lOO*(IFR demand)/(VFR demand)
A - number of arriving aircraft in the hour

AD/C = average demanc+capacity  ratio - (the sumof the hourly demands during the
overload phase)/(the  sum of the hourly capacities during the overload phase)

ADF = arrival delay factor - ADI.(D/C)  or ADI'. (AD/C) coverload phase]

AD1 - arrival delay index (figures 3-2 and 3-71 through 37102)

Annual capacity - 2bSV
ASV - annual service volume - CgD"H or (figure 2-1) cwPr=~W
C* - hourly capacity base (figures 3-2 through 3-65)

Ci = harrly capacity for each runway-use configuration (Cl through Cn)
Class A aircraft = single-e&Ed small aircraft (table l-l)
Class B aircraft - nulti-engined  small aircraft (table 1-l)
Class C aircraft - large aircraft (table l-1)
Class D aircraft - heavy aircraft (table 1-1)

G - mighted hourly capacity =
CploCloWl  + P2'C2'W2 +*..+ P~°Cn‘Wn)/(PloWl  + Pz'W2 +.*m+ Pn'Wn)

D - demand ratio - (qua1 demand)/(average  daily demand during the peak mouth)
(table 3-2) ctypical)

DA - number of departing aircraft in the hour
DAH - average deby per aircraft (figure 2-2) fapproxinmte]
DAHA - average delay for arriving aircraft (figure 3-69)

DAHD - average delay for departing aircraft (figure 3-69)

DASA - average delay per arrival (figure 3-70) baturated period]

DASD - average delay per departure (figure 3-70) baturated perid

D/C = demand-capacity ratio - (hourly demand)/(hourly  capacity)

DDF - departure delay factor = DIlI. (D/c) Or DID (AD/C) &overload phase]
DDI - departure delay index (figures 3-2 and 3-71 through 3-102)

DPF - demand profile factor - 100°Q/DD -

1
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DTH = hourly delay - HD*(PA.DAHA + (lOO-PA)"DAHD)/lOO or HDeDAH ~pproximatef
DTS - delay in saturated period -

tq+HD2+.  0 0+HD,).(PAS  l DASA+( lOO7PAS) l DASD)/100

E - exit factor (figure 3-2 through 3-65) .
G* - hourly gate capacity base (figure 3-68)
H - demand ratio - (average daily demand)/(average  peak hour demand during the

peak month) or (table 3-2) [typicalj

HD - hourly demand on the runway canponent

HDi -hourly demand on the runway ccmponentduring hourslthrargh n of the
saturated period

Hourly capacity of gates - G*deN (figure 3768)
Hourly capacity of runway canponent - C**T+ or (figures 4-1 through 4-26) &pecial

application& or (figure 2-l) ~ppraaimateJ

Harrly capacity of taxiway crossing an active runway (figures 3-66 and 3-67)
Ha;rrly delay on runway canponent - DTH
IEQ demand - VFR demand l %IFR demand/l00

N - number of gates
PA - percent arrivals - 100°(A+aq(T&G))/(A+DA+(T&G))

PAS = percent of arrivals in the saturated period
PTGG = Percent touch and gas - 100°(T&G)/(A+DA+(T&G))

Pa * percent of.the time each runway-use configuration is in use (Pl thrcugh Pn)
A

PVC

Q 111

R=

S -

T =

T&C

- poor visibility and ceiling - lower end of IFR conditions
peak 15-aninute  demand on the runway compomnt
gate occupancy ratio - (average gate occupancy time of widebodied
aircraft)/(average  gate occupan&y time of non-widebodied aircraft)

factor for gate size (figure 3-68)

touch and go factor (figures 3-2 through.3065)

* number of touch and go’s in the hour
1 gate = a gate

2 gate = a gate

that is capable of accamodating all aircraft

that will accommodate only non-widebodied aircraft

VFR demand = (average day demand)/(l-%IFR(l-%IFR demand/lOO)/lOO)

*i = Asv weighting -factor for each runway-use configuration (WI through Wn)
(table 3-1)
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Figure AS-L Hourly capacity, ASV, delay for long range planning
Figure M-2. Hourly capacity runway component
Figure AM. Houriy capacity taxiway component
Figure A54 Hourly capacity gate group component
Figure AS-S.  Airport houriy capacity
Figure M-6. Annual service volume
Figure M-7. Hourly delay
Figure AS-8. Daily delay
Figure A!&9.  Tabulation hourly demand for representative days
Figure M-10. Hourly &lay, different demands
Figure M-L 1. Annual delay
Figure M-12. Savings associated with reduced delay
Figure M-13. The runway-use configuration sketches printout
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Figure AS-l- Hourly capacity, AS'V, delay for long ran&,&ningm
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Hourlv JJourlv
Capacity MIX Percent Percent , Runway Exits Capac. T&G Exit. Cax>acitv

Runway-use Figure Aircraft Mix Index Arrivals Touch (00 feet) Base Factor FactorI ,
Weather Diagram INo.

/ I
No. %A %B 1 %C 80 ,% (C+3D), &Go Location' -No.,C* ,"' E P**T@e

1 2 ~3, 4 5 6-7-8 9 10 11 12 13 14 15 16 1.7I
I I

1
I

4.

I

.

I

. - -5

. m
*

i

1 -- . .:. -

II- I

-. ,-

-

. ..i- .

. I .

Figute AS-2. Rourly capacity runway coiaponent

5 (and 6)
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Taxiway Crossing Capacities
Distance Runway (Operations per Hour)

Weather Taxiway from ops Mix Arrivals and ' Departures 1
Crossing Threshold Rat; Index Mixed Operations Plus T 6 G

Figure AS-3. Hourly capacity taxiway coponent

7 (and 8)



h Non-widebody (N) Widebody (W)
?

4 .

Gate Average Gate Gate Hourly 'Gate No. Hourly
Demand Wo. Gates Gate Mix Time (Min.)

Group"
Occupancy Capac

' Ratio 0 Size Gates Capacity
(W w w (W WI w 0 w (Tw/Tn) Base

w w ' (Tn) (Tw) (R) (G*) S) (N) (G**S.N)
.l '2 3 4 5 6 7 8 9 10 11 7L& 13 1 14

.
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Figure AS-S. Airport hourly capacity

11 (and 12)
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Operating Condition Mix of Year Capacity Maximum Factork
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Sketch
1

I 1
e

I I lbms4ntl  I
-W-l--

Delay Aver. Delay Hourly
Demand (Minutes) , Delay

1 No. VFR IFRIC
1 WC

apacity Hourly I15 Min. Ratio Am.1 _Dm.1 (Minutes) ,
2 3 4 5 16 7 9 16 L8

I

Arrival Delay Depart. Delay Profile
Percent Mix Index Factor Index Factor Factor
Arrivals Index AD1 e ADF DDI DDF , DPF

10 1 11 1 2 13

Figure AS-7. Hourly delay

15 (and 16j
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_ _ . . . * . _ .

I

Arrival Delay &part. Delay Delay Aver. Delay Hr*r :y
De 12,:.Hourly , -D/C &fix  'Index Fat tor (Minutes)

Barr ‘Misc. Demand ICapacity ~RatiO Index ADI DPF Arr. 'aP. ___.__  ::.(Mincitc~.

8 9 10 11 1 2 13 14 .

w.
3 4 5 6 7 - -. t

I
i24rOO-OlrOO -___.__  -.I
I

01:00-02:00 ---I
1 I02:00=03rOO weI

I03100-04too _-e.. - - --_._  . _ - . 3
1 I.04100-05~00 -- --.--.m  ._* . i

05:00-06100 _
i

06:00-07:00 -_ .- -lA
07:00-OS:00 ----. i
08:00-09tOO .-.I

;

fogsoo-lot00

lOrOO-llt00

ll:OO-12too

l?tOO-13tOO
Imroo-14tO0 f

14too-15x00

lStOO-16~00
e

16aOO-17100

17:00-18~00 -*. _
1.18:00-19tOO

I
19:00-20:oo

21100.22:oo I

I22:00-23100

23~00-24~00 ! I I I
c e

Daily  Delay 4I

Figure AS-8.  ~eily  UelaY
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Figure AS-lo. Hourly delay, different demands

21  ( and  22)
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AClass
12.5OOPounds  or less
Single Engine

Aircraft Percent of Dollars Av%iqe
Aircraft Minute cost

l-3 Seats 0.60

4 + Seats (GA) 1.00L
4 + Seats (AT) 1.80

CIass B
12.5OOPounds  or less

.
Piston Twin (GA) 2.50

Multi Engine Piston Twin (AT) I 3.70

Turbine Twin  (GA) 5.20

Turbine Twin (AT) I I 6.80 1

CIass c
12,5oOt0  300,OOOPounds

Piston Engine (GA) 2.80

Piston Engine (AT) 4 . 0 0
-

Piston Engine (AC) 2.90

Turbine Twin (GA) 5.60

Turbine Twin*(AT) 7.30

Turbine Twin (AC) 6.60

I Turbine Four (AC) 1 I- ~~ I-15.10

2 Engine Jet (GA)

2 Engine Jet (AT)

13.60

16.80

2 Engine Jet (AC) 22.00I
3 Engine Jet (AC) 31.40

4 Engine Jet (AC) I
I I

CIass D
Over 300,OOOPounds

2 Engine Jet (AC)

3 Engine Jet (AC)

39.00

57.60
I I

4 Engine Jet (AC) I 79.30

Helicopters Piston (GA) 1.40.
Piston (AT) 2.30

Turbine (GA)

Turbine (AT)

Totals I loo cost

GA) General Aviation (AT) Air Taxi (AC) Air Carrier

Low High

II Current Delay (000 Minutes) I ~ I II

Projected Delay (000 Minutes)

Potential Savings (000 Minutts)

Average Cost Per Minute I

II Projected Benefit Per Year (000 Dollars) I I II

Figure A512.  Savings associated with reduced delay
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Figure A5-13. The away-use cmf;gurztion  sketcks  pnntout

*U.S.  GOVERNMENT PUlNTING  OF’FlCEr  1996 - 722AUJ/83232


