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SYNOPSIS 

The aim of this thesis is to obtain from a simulation procedure a 

set of graphs to compute the number of aircraft stands required at an 

airport. 

The scope of the study has been set within airports from the size 

of that of Birmingham up to those of the size of Manchester, A general 

approach has been taken hoping that the graphs may be used in the case 

of similar airports within the range. 

A computer model is developed to compute stand requirements for 5 

aircraft groups under 4 aircraft mixes and 5 fligh~ type mixes. The 

basic input variables taken into account in the model are aircraft 

arrival. time and starrl occupancy time. 

The model simulates the apron under three handling rules, the 
\ 

first one being that of starrls mutual.ly shared amongst the aircraft 

groups, the second without starrl sharing and the last case for stands 

being partially shared. 

With outputs from the simulation procedure a number of graphs are 

plotted with arrival.s per hour as the independent variable and stands 

required as the dependent variable. The graphs are split into 4 groups 

according to the aircraft mixes. 
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CHAFI'ER ONE 
INTRODUCI'ION . 

One of the first pieces of data required in the process of 

designing the apron of an airport is the number and type of aircraft 

stands to be provided, The apron layout itself is strongly influenced by 

the number of stands considered, 

The number of stands required depends on the number of aircraft 

parking simultaneously on the apron. 

Although there is an underlying schedule which may appear to make 

the problem of working out stand requirements a simple arid deterministic 

one, for a number of reasons aircraft may arrive before or after the 

time they are due am the same happens when aircraft depart. Therefore, 

the problem is of a stochastic nature and its solution implies certain 

difficulties~l) 

Also it should be recognized that schedules are available for the 

assessment of the current situation only; normally detailed schedules 

are not available for planning and design purposes. 

Different ways of computing stand requirements have been developed 

through the years, These methods can be classified as Rough plots, 

Deterministic formulae and Probabilistic techniques, 

Rough plots. These plots are made by relating annual enplanements 

and stand requirements. The data to build a plot must come from a range 

of airports~ 2) 
stand requirements are obtained by entering the chart with the 

forecast design annual enplanements. 

In this procedure the airport planner faces two alternatives: to 

take averaged values or to choose the value for a particular airport 

comparable to the one under study in the design year. 

1 



If the decision is made to consider averaged values, inaccuracies 

are likely to occur, Individual plots reflect variations in the 

relationship across a number of airports. The growth of individual 

airports differs significantly from airport to airport am therefore 

averaged values may not yield very accurate figures, 

The second alternative means that the planner considers two 

airports similar as far as stam requirements are concerned, and that 

the plotted annual enplanements of the model airport are equal or nearly 

equal to the. figure forecast for the airport under study. 

Deterministic formulae, There are a number of these fomulae which 

have been determined by observation, Most of the fomulae take into 

account aircraft arrivals or departures and weighted average occupancy 

times (during the design hour), 

An example of these formulae is Horonjeff's{3) 

·where 

G = number of gatesa 

V = design volume for arrivals or departures in aircraft per hour 

T = weighted average gate occupancy time in hours 

U = utilization factor 

The utilization factor is said to vary from 0,5 to 0,8 and it is 

related to the time gates are used, 

Although it looks a very straightforward manner of computing stand 

requirements, the value chosen for the utilization factor produces 

significant differences in the outcome, ( the author does not give any 

indication on how to select that figure). 

Different results may be obtained also if other formulae available 

within this group are used. 

aGates and stands are synopymous in this context 2 



Piper's(4) equation for example, is a formula similar in nature to 

Horonjeff's but it does not include the utilization factor. This is 

equivalent to setting the factor equal to 1.0 in Horonjeff's formula. 

Therefore, results obtained from Piper's equation are low in comp!.rison 

with those obtained from Horonjeff. 

Piper's formula is: 

n = mqt 

where 

m = design hour volme for arrivals and dep!.rtures (aircraft/hour) 

q =proportion of arrivals (total movements) 

t =mean stand occupancy (hr) 

Another example is the European based formula~5) which yields 

values conservative in comparison with Piper's and similar to the 

results obtained from Horonjeff with low utilization factors, This 

formula does not include occupancy times. 

The European based fomula is: 

n = l.lm 

where 

m = design hour volme for arrivals and departures 

Probabilistic techniques, Such techniques would appear to be more 

in accordance with the stochastic nature of the phenomenon under study. 

The techniques involve Queueing models and Simulation. 

Queueing models are mathematical expressions which .relate average 

occup!.ncy time and average rate of arrivals, These models give information 

on the number of aircraft desiring stands in a given time interval and 

delays which take place in the system during the same time interval. 

However, simplifying assumptions must be made in order to use this 

method, It is necessary, for example, to assume an average arrival rate 

3 



and steady state conditions in the period considered. 

Unfortunately those assumptions make the model unable to 

satisfactorily represent real-life conditions and without those 

simplifying assumptions the mathematics of Queueing Theory become 

intractable<6) 

Simulation, on the other hand, has become increasingly used in 

airport planning and design because it allows one to get a fairly good 

representation of the real-life conditions present in the various 

subsystems of the airport. 

Simulation was used to determine the terminal allocation at Dallas

Fort Worth in the USA~?) Also the choice between two schemes for a new 

terminal complex at San Francisco International Airport in the USA was 

made with the aid of simulation~8) 

Likewise, this technique was used at Sydney International Airport, 

Australia to determine the demand at which an additional stand would be 

economically justified~9) 

It seems, however, that where Simulation has been applied to apron 

design it has not been with the purpose of finding the number of stands 

required. It has been used rather to assess proposed apron layouts or 

stand utilization levels and delays and queues involved. 

Despite the importance of stand requirements in the process of 

designing the apron, it is still difficult to compute them accurately 

or with much confidence. 

The aim of this thesis is to propose a generalized procedure for 

computing stand requirements under conditions which exist in typical 

small to medium sized EUropean airports. 

To achieve this aim a model to simulate an apron under different 

combinations of aircraft and flight mixes is calibrated on airports 

4 



which handle from one and a half to three million passengers a year, 

using data from Birmingham and Manchester Airports. 

From the results of the simulation of the apron a set of graphs is 

plotted with hourly arrivals as the independent variable and stands 

required as the dependent variable. 

A numerical example is given to compare results obtained from the 

procedure put forward and the results obtained Qy means of deterministic 

formulae currently available. 

Finally, a sensitivity analysis is carried out to get insight into 

the relevance of changes in the inputs of the model. 

5 



CHAPl'ER TWO 
APRON SIMULATION 

Although there are many variables involved in determining aircraft 

stand requirements, the main variables, according to previous work~9) 

are the pattern of arrivals and time on stand~) 

Departure pattern from the apron is not important because departure 

times are a function of arrival times and stand occupancy times. 

A model to simulate the apron as a generalized means for 

determining stand needs, would require as inputs, apart from arrival 

pattern and occupancy times, information on aircraft and flight mixes, 

maximum permissible delay and number of aircraft per day. 
. .J 

The model would have two main parts: generation of data and the 

simulation procedure itself. 

The output would be the number of stands required by aircraft 

group as a function of the number of arrivals per hour. 

Due to the time-consuming nature of manual simulation and the 

amount of work foreseen, it was decided that the simulation should be 

carried out by means of a computer. 

Accordingly, the computer models described in references 8 and 9 

were considered for use in this study. 

The form of model which appeared to be most suitable for this 

research was the one developed for the study at Sydney International 

Air:port~9) because it had been made to simulate the apron only; whereas 

the San Francisco model(S) dealt with the whole airside. 

For this study some deviations from the Sydney model were regarded 

as necessary. In fact, in that model the number of aircraft per day was 

simulated inside the procedure; but for this research it was necessary 

to handle the number of arrivals per day as input in order to get 

6 



outputs within a desired range, Also McKenzie et al dealt with one 

aircraft group only; all flights were turnaround. It was necessary for 

this study to take into account different aircraft groups and flight 

types in order to be able to compute stand requirements split into 

aircraft categories. Finally in the Sydney case the nu:nber of stands was 

fixed and delays were output variables. However, for. this research __ 

it was decided to work the problem the other way round; i.e. to set a 

maximu~ permissible delay and get, as output, the na~ber of stands needed. 

Moreover, because in the Sydney model there was only one aircraft 

group the procedures were developed on the basis of stands mutually 

shared; for purposes of this study it was considered important to be 

able to analyse different apron operating rules. 

These differences, and the fact that many other changes would have 

been necessary to be made to use the Sydney model on a different computer 

from the one for which it was initially built, led to the decision to 

develop an entirely new model to perform this research, using the Sydney 

concept as a starting base~9) 

The equipment available was the ICL 1904S at Loughborough 

University of Technology and the progra'!ls were written in FORTRAN. 

Two models were developed, In Model 1 two apron handling rules 

were defined. The first rule stated that stands were not shared between 

groups and the second stated that stands were partially shared. These 

operating rules became optional subroutines in this model. 

In the real-life situation, stands are frequently shared in 

different ways between aircraft groups. A reasonable approach, therefore, 

in the program's operational procedure, is to have aircraft from one 

group handled on the stands of the next largest group whenever required 

and possible, 

7 



Model 2 dealt with the case where stands were mutually shared, 

The models' programs are shown in Appendix c. The flow chart is 

shown in Figure 2. 

MODEL 1 

Data Generation 

· The Monte Carlo Sampling Technique was used. This was done by means 

of a library subroutine(lO) with inputs of the cumulative probability 

functions of arrival time, aircraft group, flight type and apron 

occupancy time. 

Firstly aircraft arrivals were generated for the desired number of 

aircraft to be simulated per day. 

Similarly, there was a Monte Carlo generation of aircraft group, 

flight type and, finally, occupancy time, 

To carry out the Apron Simulation phase it was necessary that the 

data already generated (an arrival time, aircraft group, flight type and 

occupancy time per aircraft) were sorted according to arrival times. 

This was done by means of another library subroutine~ll) 

Bearing in mind that some aircraft stay overnight on the apron and 

that their departure times do not depend therefore on arrival times and 

occupancy times as in the case of aircraft which do not stay overnight 

on the apron, an early morning departures procedure was set, which was 

similar to that which generated arrival times. 

Apron Simulation 

The apron stands were divided into categories, one for each 

aircraft group. The first stand number of the different categories was 

fed in such a way that stands from one category could not get mixed up 

8 



with stands from another category as stand requirements built up during 

the day, 

Deplrtures 

Gene:re.ted de:ra,rture times were split amongst the airc:re.ft groups 

according to their share in the t:re.ffic mix, and were allocated as 

de:ra,rture times from the respective stands starting with the first one 

of each category, 

It was possible that no de:ra,rture times were allocated to a 

certain aircraft group due to its small share in the mix or the small 

number of movements to be generated in the day, or even for both 

reasons. The procedure then allocated one stand only to that aircraft 

group so that the first airc:re.ft belonging to the group in question 

would find a vacancy on arrival. 

Arrivals and Deplrtures 

Stands not shared.- Under the operation of this subroutine the first 

aircraft came and found whether the first stand of those allocated to 

its group was still occupied by an aircraft which had stayed overnight 

at the airport, This was done by com:ra,ring whether its arrival time (AT) 

was greater than the de:ra,rture time (:ur) already allocated to that stand. 

If AT was greater than :ur, the aircraft took that stand, and the 

new :ur from that stand was :ur = AT + OT, where OT was the time the 

aircraft was going to stay on the apron (occu:ra,ncy time). 

If, on the other hand, :ur was greater than AT, and there were 

already more stands allocated to that aircraft group, the enquiring 

process went on stand by stand, until in one of them :ur was smaller than 

AT. Then the procedure was the same as stated in the previous :ra,ragraph. 

If, however, all departure times (:uri) happened to be greater than 

AT, the minimum difference (Dmin) was found amongst the differences 

9 



D. = I1l'i -· AT. Then this minimum waiting time was compared with the 
1 . 

maximum permissible delay, PD, set to be 6 min~ 

If D • was smaller than or equal to PD, the aircraft occupied the m1n 

stand where the minimum difference was found and the new departure time 

DT from that stand wa.s I1l' = AT + Dmin + OT, where. Dmin was the delay tha. t 

that aircraft was going to have. A record of the aircraft group and its 

delay was ta..tten. 

However, if Dmin hawened to be greater than l?D then the procedure 

allocated a new stand for the group of the aircraft in question and the 

aircraft occupied that stand. 

From then onwards -whenever during the day another aircraft from the 

same group ca:ne it would take that stand into account when emuiring 

about vacancies and waiting times. 

The same procedure was repeated at the arrival of subsequent 

aircraft. 

Wl.en the day wa.s over (i.e. -when the last aircraft had arrived and 

been accommodated), the number of stands allocated to the different 

categories was recorded as the nUI!Iber of stands required to cope with 

that day ' s traffic • 

Whenever, from a certain group, no aircraft were generated, then 

the procedure recorded zero stands required on that day for that 

aAccording to the FAA~ 12) for the study of runway capacity, an average 
delay of ~ min (for the case of IFR Arrivals or Departures, during IFR 
weather) 1s a reasonable delay for aircraft mixes such as the ones taken 
into account here. 
Fo; this research it was considered appropriate to allow approximately 

3 m1n average delay because of apron congestion so that in the event of 
the same aircraft being delayed at the runway and at the apron, such an 
aircraft would bear a total average delay of 7 min. This delay is 
regc.rded as likely to occur given the levels of demand at which airports 
work nowadays. 

By setting a maximum permissible delay of 6 min, the average delay of 
3 min was expected to be achieved as the delays should be equally 
distributed in the range of delays up to 6 min. Therefore a maximum 
permissible delay of 6 min was set. 

10 



particular group. 

Stands partially shared.- The changes that this operating rule made 

in the Arrivals and Departures process were as follows: 

If an ircraft found that there were no vacant stands in its 

. category, instead of finding how long it had to wait until one becaJne 

vacant it examined that category designated to the next largest group 

size and found whether there was any stand vacant there. 

Only if there were no vacancies in that category did it re-examine 

its own category and follow the normal procedure. 

When it was apparent within the routine that there could be a delay 

longer than was permissible, instead of the procedure allocating a new 

stand for that aircraft within its 01-m group, the minimum time it had to 

wait to occupy a stand of the next largest group was calculated and 

checked to see if this was within the permissible limit. Only if that was 

not the case, then a new stand was allocated to the category of the 

aircraft in question. 

The group of the largest aircraft of the mix under study followed 

the same procedure as that for the case of stands not shared (because 

there was not any group of larger aircraft). 

StoriDfi, on a daily basis, of data generated 

The day was considered as a suitable time unit for purposes of 

achieving steady state conditions. Additionally the simulation procedure 

was concerned with the study of a given situation under repetitive 

conditions. Therefore overall averages were computed from summaries of 

full days, 

Insignificant difference in outputs was found if a period of !0 or 

25 days was set, Therefore a 25-day period was selected for the study of 

any given situation. 

ll 



Averaged valued of the maximum number of arrivals :per hour and stand 

requirements were computed (from information generated). 

The rest of the data included in this :process helped in monitoring 

both the Data Generation :phase and delays in respect of the Apron 

Simulation :procedure. 

MODEL 2 

This model was similar in many ways to Model 1; the only difference 

was that in Model 2 any aircraft was sent to any unoccupied :position. 

With this model it was :possible to get only total stand·requirements 

(i,e, not stand requirements for the different aircraft groups as in the 

case of Model 1). 

12 



Cl!APrER THREE 
DATA COLLECTION 

To carry out the simulation of the apron, by means of the model 

described in Chapter Two, it was necessary to collect information on 

the arrival p1ttern and occup1ncy times only. 

AIRCRAFT ARRIVAL PA'ITERN 

It was assumed that the arrival rattern was independent of 

aircraft sizesa and therfore a single arrival pattern for all aircraft 

was used. 

Grouping arrival times in 1-hour intervals, different averaged 

arrival ratterns were obtained, by means of a computer program built for 

this purpose (Appendix C), with data from Birmingham Airport. These 

patterns were from Birmingham Airport records from January 1978 (low 

activity month) and August 1978 (peak month). The ratterns from weekdays 

and weekends from August 1978 were similarily obtained from airport 

records. 

It was found that these averaged p1tterns tended to be flatter than 

real ones. In the light of this, it was concluded that averaged patterns 

did not properly represent real-life conditions. Consequently it was 

decided to select one rattern from a typical day from a peak month. The 

typical day chosen came from Birmingham Airport records, August 1979. 

Although Birmingham Airport works round the clock it was decided 

that the study should include only movements which occured from 5:00 to 

21:00 Gl1T. Ninety four percent of the arrivals on the typical day took 

place within this period and for :purposes of simulating maximum stand 

requirements the dead night hours can be neglected. 

aStrictly speaking aircraft separations on arrival are dependent on 
aircraft sizes; but in this context arrival pattern means overall 
flow rates. 13 



The typical arrival pattern was as shown in Table 3.1 

The observed distribution of arrival times was converted to a 

probability distribution and the cumulative distribution function was the 

probability of obtaining arrival times up to the time intervals given in 

Table 3.1, during the arrival time generation procedure, described on 

page 8, Olapter Two. 

The probability distribution and its cumulative function were as 

shown in Table 3.2 

The cumulative distribution function was held constant throughout 

the study. 

STAND OCCUPANCY TDIE 

Because the aim of the study was to compute the number of stands 

split into categories as they are relevant for stand sizing purposes, 

the aircraft Which operated at Birmingham and Manchester Airports were 

split into five categories. 

The classification adopted was as similar as possible to that 

generally accepted for apron design (Ref 2, Table 2.3). The differences 

between this classification and that of the FAA are that in Birmingha~ 

small aircraft such as PA-31 stayed on the apron. This group did not 

appear in the FAA classification; (at busier airports such small aircraft 

may be handled elsewhere, i.e. on a secondary apron). 

Additionally the FAA classification allocated aircraft DC-8 series 

63 to Group D and both DC-10 and L-1011 to Group E. In this case due to 

the small· proportion of those aircraft in the traffic it was decided that 

the DC-8-63s should be put in Group 4 along with smaller DC-8s, B707s, 

B720s, VClOs, Tridents and IL-62s. The DC-lOs were put in the same group 

as B747s. No L-lOlls were found either at Birmincham or at Manchester 
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Airports, 

Because the size of aircraft is important not only in determining 

the size of stand required but also in relation to the time spent on 

apron~ it was decided to take aircraft groups into account not only for 

purposes of aircraft mix but for purposes of recording occupancy time 

as well. 

Apart from their size, another factor which affects the time 

aircraft spend on apron stands is the kind of flight. 

Two kinds of flight were considered here, turnaround and through 

flights. 

Turnaround flights are those in which aircraft are given a more 

complete range of services and checks while on the apron. Therefore 

aircraft on those flights are expected to stay longer than those of the 

second group. 

On through flights, aircraft are given fewer services and usually 

stay for a shorter time at the airport than the first group. 

To differentiate one type of flight from another, in airport 

records, flights numbers can be used. 

An inbound flight number different from the outbound number, 

indicated a turnaround flight; if the numbers were the sa~e a through 

flight was recorded, 

According to the aircraft groups and flight types mentioned above, 

the stand occupancy times were stratified into 10 groups. 

Stand occupancy times were defined as the time between "chocks on" 

and "chocks away". These times were recorded by the Marshalling Office 

at Birmingham and the corresponding office at Manchester Airport. 

A sample size of 50 was set for each of the 10 groups. However 

~n general terms the larger the aircraft, the longer the stay, because 
amongst other reasons refueling and cleaning times are longer than for 

smaller aircraft. 15 



because some aircraft groups and flight types were less frequent than 

others, it was not possible to achieve that number in three of the 

groupings (Table J,4). 

Because a stand cannot become vacant and immediately afterwards 

occupied, for purposes of apron design it is important to know not only 

the time aircraft spend on stands but the total time aircraft spend on 

the apron, Therefore, time must be allowed for manoeuvres. 

According to observations made at Birmingham Airport one minute was 

spent on the apron as aircraft arrived and a further minute when 

aircraft departed; two more minutes were spent on the stands while the 

pushback operation and routine checks took place. Consequently to allow 

for manoeuvres four minutes was added to the recorded times. 

A maximum of four hours was set to allow for minor mechanical 

repairs or any other reason that might make aircraft stay longer than 

usual on stands. If it was necessary for an aircraft to stay longer than 

four hours at the airport, it was assumed that such an aircraft would be 

removed from the apron, if necessary (eight percent of the B747 

turnaround flights were found to be longer than four hours on the apron), 

Occupancy times were grouped in 5-minute intervals and handled by 

means of a computer program built for this purpose (Appendix c). The 

c~ulative probability functions, obtained in a manner similar to the 

case of arrival time, are shown in Table 3.5 These functions were held 

constant throughout the study, 

Data gathered from Gatvdck Airport regarding occupancy times were 

not used in this study because they were found longer than at airports 

of the size of Manchester and Birmingham. In fact Gatwick is a major 

terminal airport. Scheduling and overall checks may explain these 

observed differences. This fact suggests that occupancy times may vary 

16 



from airport to airport and that they should be checked, if at all 

possible, before any study involving these times is attempted. 

17 



TABLES AND GRAPHS 

CHAPl'ER FOUR 
AIRCRAFT STAND R~UIRI!l1Eti'TS 

The apron was simulated under a number of different mixes of 

aircraft and flight tYJle. 

The aircraft mixes were chosen in a way that reflected changes 

likely to take place across a range of airport throughputs from an 

airport of the size of Birmingham (1,5 million passengers a year) up to 

one of the size of Manchester (3,5 million), The aircraft mix at 

Birmingham was obtained from information contained in "Airlines Planned 

Air Transport Movements" for August 1979, and that of Manchester from 

'!·lanchester International Schedule of Services", for the same month, 

The mixes found were as shown in Table 4,1 

There is a trend for the smallest aircraft to decrease their share 

in the mix as airports grow, whereas for the big aircraft the contrary 

applies. This fact is supported by Table 4,1 

The aircraft mixes chosen for the study are shown in Table 4,2 

It was believed that the mixes shown in Table 4,2 covered those of 

airports of sizes bebreen Birr.tingham and Manchester and even those for 

airports slightly outside this range of operations. 

Tne flight type mixes were selected as follows 0%-100%, 251o-73,%, 

:JJJ',-;r:tf,, 73.%-2% and iocy',-Q%, where the first value was the share of 
' 

turnaround flights. 

Four aircraft mixes and five. flieht tY!le mixes made the hrenty 

combinations under which the apron ~~s simulated. 

The number of simulated aircraft per day varied from J) to l40a 

in steps of 10. 

~cm 5:00 to 21:00 Gr-IT, Birmingham Ai:!.1'ort handled about 50 aircraft 
in a typical day of a peak month, and tlanchester 90. 
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Each combination was simulated for an equivalent of 25 days, under 

the three handling rules mentioned in the Chapter Two: Shared, partially 

shared and unshared. 

The results of the simulation appear in Tables 4.) to 4.14. These 

results were plotted in gra:ph form. 

These results were run through a regression program(lJ) and its 

outputs are shown in the same tables, at the bottom, 

Hieh correlation was obtained and for design purposes a linear 

relationship was assumed between arrivals per hour and stands required. 

With information in the tables and library subroutines(l4) it was 

possible to plot Figures 4.1 to 4.28 

By examining Figures 4.1 to 4.8, it is possible to visualize the 

influence of aircraft mix, percentage of turnaround flights and apron 

handling rules on sta!rl requirements. 

From these graphs it is possible to estimate the total number of 

stands required. 

The graphs in Figures 4.9 to 4,28 were made to get a more detailed 

picture of stand requirements, as they provide information on 

requirements per aircraft group and include the upper 9~ prediction 

limit and two apron handling rules 1 {for the case of stands not shared, 

observations plotted represent the outputs of the si~ulation procedure, 

full lines represent calculated values and lines 'With long dashes the 

9~ upper prediction limit. The lines 'With shorter dashes represent 

calculated values for the case of stands partially shared), 

In general, by allowing stands to be partially smred savings are 

obtained in stand requirements for all aircraft groups but one, the one 

which includes the bigeest aircraft. 
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OOMPUTING STAND ~UIR:EMENTS 

As an example, it was assumed tint stand requirements at Birmingham 

Airport were to be estimated given the following data: 

Aircraft arrivals at the design hour = 10 

Aircraft mix = 1~ 67% 1~ J1t 0% 

Flight type mix = 7% turnaround flights 

l3y means of the graphs 

Stands mutually shared 

From Figures 4.1 and 4.J, total stands required are 9 for both Mix 1 

and 2. Therefore 9 rm.s chosen for the case under study. 

Dealing with total stand requirements it is normally not possible to 

make an accurate interpolation between two aircraft mixes. 

Stands not shared and Stands partially shared 

It is necessary to interpolate between Mixes 1 (18% 74fo Cif. ~ 0%) 

and 2 (1~ 60% 16% 9% ~) for the case of 7~ turnaround flights 

(Figures 4.12 and 4.17 respectively). 

a) From Fig 4.12 b) From Fig 4.17 

lt\'C 7/.f!, 6% ~ 0% 1~ 60% 16% 9% ·~ 

9% 2.9 8,2 1.8 0,6 9~ 2,2 7.2 J,J 2,3 

av 2.3 7.1 1.6 0,3 av 1,9 6.2 3,0 2.1 

sps 1.6 6,6 1.2 0,7 sps 1,2 5.6 2,2 1.6 

c) Interpolating d) Rounding figures 
Aircraft Group T 

1~ 67% 1~ Jt 1 2 :3 4 

9.% 2.9 7.7 2.7 0,8 9% :3 8 3 1 15 

av 2.3 6,7 2.4 0.6 av 2 7 2 1 12 

sps 1.6 6.1 1.8 0,8 sps 2 6 2 1 11 

NOTE: 9~ is the upper prediction limit, Stands not shared (SNS), 
av are calculated values, Sl<S, and 
sps, calculated values, Stands partially shared. 
T =total 
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By means of Horon.jeff's formula (3) 

G =!!, u 
wMre 
V = design hour volume for arrivals. or departures 
T = weighted mean occupancy time (hours) 
U = utilization factor 

In this example V' = 10 and T is calculated as followss 

T = (o,44x0,75f0,45x0,25)0,18 + (0,87x0,75f0,69X0.25)0,67 + 

(1,)6x0,75+1,16x0,25)0,12 + (l,J7x0,75+1,10x0,25)0,0J = 0,83 

Average occupancy times taken in the calculation are those which 

appear in Table J,4 plus 4 min (0,07 hour), 

stands mutually shared 

U is said to vary from 0,6 to 0,8 

If u =0,6 

G = 10 x 0•83 1~ 8 say 14 o.6 = ..J• • 

If U = 0,8 

G = 10 ~.§·83 = 10,4, say 10 

Groups of stands being used exclusively 

U is said to vary from 0,5 to 0,6 

If U = 0,5 

G = 10 ~.~·83 ~ 16,6, say 17 

If u = 0,6 

G = 14 

By means of Piper's formula( 4) 

n = mqt 

where 
m = desi~;n volume for arrivals and departures (aircraft/hour) 
q =proportion of arrivals (total movements) 
t = mean stand occupancy (hr) 21 



Supposing design hour volume for departures is 3 and for arrivals, 10. 

m m 10 + 3- 13 

q = 10/IJ = 0.77 

t • 0.83 

n = 13 x 0,77 x 0,83 = 8,31, say 8 

:By means of the European based formula(5) 

n = l.lm 

where 
m = design hour volume for arrivals and departures (aircraft/hr) 

In this example m = 13, therefore 

n = 1.1 x 13 = 14.3, say 14 

By means of the model 

The model 1-~as run with 50 aircraft per day. The three handling rules 

were applied and the 9~ confidence limits for the number of stands 

required were computed. The results appear in Table 4.15 

Results obtained by Horonjeff's method and from the European based 

fo:rnula are conservative, whereas results obtained from Piper's equation 

are low, 

TESI'ING THE MODEL 

It was decided to test the model by comparing results calculated 

against those that were observed. The day chosen 1-~as that which had been 

used for the arrival pattern. 

The aircraft mix was 1~ 69% li),'t ~ l),!t, fliGht type 6&%-YJ%, and 

the number of aircraft arrivals 50. The results appear in Table 4.16 

The "Stands partially shared" condition was not used for purposes 
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of this test. The apron at Birmingham is handled in a different manner 

from that which is defined here as being stands partially shared 

(page 7). 

According to Table 4,16 stand requirements obtained from the model 

are acceptably close to the requirements observed on the calibration day. 
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CHA PI' ER FIVE 
SENSITIVITY ANALYSIS 

So far the inputs which have been changed through the study are: 

aircraft mix, flight type and apron handling rules. Aircraft arrival 

pattern and distribution of occupancy times have remained unchanged and 

so has maximum permissible delay. 

In this chapter a sensitivity analysis of these input parameters 

is made. 

To perform this analysis, one combination of aircraft mix and flight 

type was chosen: Aircraft mix 6% 46% 'i!!r, 16% 6%, 7% turnaround flights. 

OCCUPANCY TIME 

Taking into account observations made at Birmingham Airport, 4 min 

(0.07 hour) was added to actual times to allow for manoeuvres on apron 

and the study was. carried out with those added times. 

For the purposes of sensitivity analysis, the model was run with 

actual time distributions and its outputs are shown in Fig 5.1 and 

Table 5.1 

By examining Table 5.1 it is possible to see that changes of 4 min 

in stand occupancy times can affect stand requirements up to 7%. Therefore 

this is not a highly sensitive variable in this context. 

MAXIMUM PmliSSIBLE DELAY 

To get an idea of the importance of changes in permissible delay, 

the model, which was run with a maximum permissible delay of 6 min 

throughout the study, in this analysis was run with 12 minas maximum 

permissible delay. The outputs are shown in Fig 5.2 and Table 5. 2 

Savings up to ~ can be obtained in total stand requirements if the 
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----------------------------------------------.-----------------------

maximum permissible delay is raised from 6 to 12 min, 

ARR!V AL PATI'ERN 

The distributions of arrival times taken into account for this 

analysis are ten, as follows: 

Peak condition 

Birmingham 
1 August 1978 
2 Weekday (21-08-79) 
3 Weekend (25-08-79) 

Manchester 
7 Weekday (16-08-79) 
8 Weekend (12-08-79) 

Off peak 

4 January 1978 · 
5 Weekday (28-11-78) 
6 Weekend l26-ll-78) 

9 Weekday (8-02-79) 
10 Wee~end {4-02-79) 

Cumulative probability functions are shown in Table 5.3 (21-08-79 

was the Mtypical" day chosen to get arrival pattern from for the whole 

study), and outputs from the simulation model appear in Table 5. 4 and 

Fig 5,3 

Figure 5,3 shows that it is possible to get, for a given number of 

arrivals per hour, a wide range of answers, In fact, the range varies 

up to 481.. 

But this statement may be misleading, What happens in fact is that 

there is a strong interaction between peak arrival rates, overall 

daily arrival patterns and stand requirements. 

For example if Manchester stand requirements were studied, for a 

weekday in the peak month, pattern No. 7 should be chosen, In this case, 

12% of the day's arrivals are likely to take place in the design hour. 

If the given number of aircraft per day were 90, the number of arrivals 

to enter the chart (Fig 5.3) should be l~and 20 would be the number 

of stands required. 

If under the same conditions (arrivals per day, weekday, peak 

month) another airport were studied, and the overall daily arrival 
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pattern were different then the nQ~ber of arrivals per hour to enter the 

chart would .be ·also different.· 

If, for example, in the case of Birmingham, pattern No, 2 is used, 

1~ of the daily arrivals are likely to take place in the design hour, 

Therefore the number af arrivals to enter the chart is 16, and the 

number of stands required 21. 

There was no reason to expect that stand requirements in both cases 

would be the same. But the differences are not as severe as they first 

appeared from Figure 5.3 

Following the sa~e procedure if 50 aircraft per day were set, 12 

stands would be required at Manchester and 14 at Birmingham. For 140 

aircraft per day, stand requirements would be 29 and Jl respectively. 

These fieures confirm Steuart's(l) findings that a more uniform 

pattern is always advantageous from the viewpoint of gate provision. 

It is therefore important to note that it is necessary to tie 

arrivals per hour to overall daily arrival patterns to obtain stand 

requirements. 

The implications of these findings are very significant. Thus it 

can be stated that a principal disadvantage of deterministic formulae 

is their inability to relate the number of arrivals per hour to the 

underlying overall daily arrival pattern. 

This can be shown by a short example. Deterministic formulae were 

applied to the examples given above and the results appear in Table5,5 

By examinine; Table 5.5 it is possible to see that deterministic 

formulae based on hourly design volumes are likely to be severely 

inaccurate. 



NUMBER OF DAYS SIMULATED 

Although strictly speaking this variable is different from the ones 

previously mentioned in this chapter and it was thought that the number 

of days simulated should not affect the results, the more the days 

simulated the greater the reliability in the results obtained, as the 

standard deviation about the mean decreases. 

Twenty five days were set as suitable period to perform the 

simulation of a given situation throughout the study. For purposes of 

this analysis, the model was run for 25 days again, everything else left 

as it was and the results were then plotted (Fig 5.4 ) together with the 

results obtained previously in the main part of the study. 

Although a formal statistical analysis has not been carried out, 

apparently the differences likely to occur in the results are up to 

about 2% and are not considered serious. These differences may be due 

not only to the length of the period chosen, but to the stochastic 

nature of the phenomenon under ·study. 

Therefore the results obtained using a period of 25 days can be 

viewed with confidence. 
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CHAPI'ER SIX 
CONCLUSIORS AND FUTUP.E RESEARCH 

By means of Simulation it was possible to represent arrival patterns 

and occupancy times, and this technique was shown to be a suitable 

procedure for computing stand requirements. 

Simulation models such as that developed for this research can be 

run to study a specific situation or to deal more generally with a range 

of variation of certain input variables. 

Design graphs can be constructed from information obtained from the 

simulation procedure. The design graphs put forward are applicable for 

computing stand requirements, providing the pattern of arrivals 

approximates to that used in this research, llhich is typical for a 

mediQ~ sized European airport. 

Given an assuned typical overall daily arrival pattern, high 

correlation was found between stand requirements and peak arrival rates, 

and a linear relationship between these variables is assuned. 

Stand requirements are sensitive to aircraft size, flight type and 

apron handling rules. 

The advantages of a simulation model over the use of deterministic 

formulae are that aircraft mixes are considered explicitly and that 

there is no need for utilization factors. 

The design graphs a:9pear to be sensitive to overall daily arrival 

patterns; but so are the deterministic methods. 

The l<ork carried out to date has indicated that more accurate 

modelline of servicine times of aircraft by flieht type and aircraft 

groupines should be done. 

The sensitivity analysis of this work unearthed a problem, the 

interaction between pea~ arrival rate and overall daily arrival patterns. 
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The effect of this interaction should be investigated to dete~ine 

whether any serious inaccuracies occur if the design graphs are used 

with slightly different overall daily arrival patterns. 

This future research would indicate the general validity of the use 

of design graphs for computing stand requirements. 
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APPENDIX A 

TABLES 
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Table 3.1 Aircraft arrivals at Birmingham Airport on a typical day in 
August 1979. 

Time 5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 
Arrivals 0 2 3 3 2 6 1 4 

Time 13-14 14-15 15-16. 16-17 17-18 18-19 19-20 20-21 
Arrivals 1 3 5 0 9 5 2 4 

Table 3.2 Probability distribution of arrival times and its cumulative 
function. 

Time 5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 
Prob .oo .04 .06 .06 .04 .12 ,02 ,08 
Cum Prob .oo .04 ,10 ,16 .20 .32 .34 .42 

Time 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 
Prob .02 .06 .• 10 .oo ,18 .10 .04 ,08 
Cum prob .44 .so .60 .60 .78 .88 .92 1.00 
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Table 3,3 Aircraft Groups, 

Aircraft FAA(l) 
Group equivalent 

1 

2 A 

E 

4 c 

D 

5 E 

F 

Typical aircraft includeda 

PA-31 Navajo, DHCb 

EAC 1-11, Viscount, HS-748, CV 580, YS 11-E, 

Herald, TU 134, DC-9-10, FH 227. 

B 727, B 737, DC-9, TU-154, CVL, Convair 990, 

Comet 

DC-8, E707, B720, VC 10, Trident, IL-62 

DC-10, B 747 

aSee Table ;.4 for aircraft used in calibration process. 

bThe aircraft included in this group were those on sheduled flights; 
(when there were vacancies on the apron, at Birmingham Airport, small 
aircraft on private flights were brought to the apron on arrival or 
departure. These aircraft were not taken into account, being considered 
beyond the scope of this study. 
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Table ),4 Stand occupancy time, Sample sizes, averages, standard 
deviations and airports where data were collected from. 

Aircraft Aircraft of 
Group which data 

were 
collected 

1 PA Jl Navajo 

Sample 
Average 
Std dev 

2 BAC 1-11 

Sample 
Average 
Std dev 

3 B 737 

Sample 
Average 
Std dev 

4 B 707, B 720, 
DC-8-.50 

Sample 
Average 
Std dev 

5 B 747 

Sample 
Average 
Std dev 

NOTE: Times are in hours. 

Birmingham 
Turnaround Through 

.50 
0.)7 
0.20 

.50 
o.8o 
0,44 

50 
1.29 
0.54 

50 
0.)8 
0,14 

50 
0,62 
0,18 

Manchester 
Turnaround Through 

.50 
1.30 
0.41 

46. ' 
2.92 
0.64' 

25 
1.09 
0,59 

11 
l,OJ 
0.32 

25 
1,07 
0.2) 
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Table 3,5 Stand occupancy time. Cumulative probability functions. 

Time Cumulative probability functions 
Group 1 I Group 2. 1 Group 3 \ Group 4 \ Group 5 

Flight type\ Flight type\ Flight type· Flight type\ Flight type 
1 2 . 1 2 I 1 2 \ 1 2 1 2 

H~ ~~ 
0:00 - 0:05 ,~ 

05 - 10 ~00 ,00 
10- 15 .06 .04 
15- 20 .30 ,18 .oo 
20- 25 ,:f) .44 ,02 .oo 
25 - 30 .86 .74 .04 .10 
30- 35 ,88 ,82 ,24 .22 
35- 40 .90 .92 .40 .52 
40- 45 .90 .98 .50 .74 
45- 50 .92 .98 ,62 .84 
50 - 55 .96 .98 .68 .90 

0:55 - 1:00 .96 1,00 .70 • 96 
1:00 - 1:05 .98 .82 .98 
c05- 10 .98 .84 .98 
{._10 - 15 1,00. .90 .98 
.nl5- 20 .90 .98 
l: 20 - 25 .94 .98 
(: 25 - 30 .94 .98 
k 30 - 35 .94 1,00 
i: 35 - 40 .96 
"' 40-

45 .£ .96 
-1: 45 - 50 .96 
A: 50 - 55 .96 
1:55 - 2:00 .96 
2:00 - 2:05 .96 

05 - 10 .96 
10 - 15 .96 
15 - 20 .96 
20 - 25 .98 
25- 30 .98 
30 - 35 .98 
35 - 40 1,00 
40- 45 
45- 50 
50 - 55 

2:55 - 3:00 
3:00 - 3:05 

05 - 10 
10 - 15 
15 .: 20 
20 - 25 
25 - 30 
30 - 35 
35 - 40 
40 - 45 
45 - 50 
:f) - 55 

3:55 "" 4:00 
NOTE: Time is in hours. 

Flight type 1 = turnaround 
Flight type 2 = through 

,00 
.04 

,00 ,04 
,02 .os 
.04 .24 .oo .oo 
,10 .32 .02 .09 ,00 
.16 .40 ,04 .18 .16 
,20 .40 ,04 .27 .24 
.30 .48 ,10 .36 . ,28 
.36 .60 .22 .73 .32 
.44 ,68 .34 ·73 .48 
.52 .68 ·50 .82 .68 
.54 .76 .58 .82 .76 
.62 .76 ,68 .82 .96 
.70 .80 .72 .91 .96 
.76 ,80 .78 .91 .96 
.82 .84 .82 .91 1.00 
.84 .84 ·.84 .91 ,00 
.86 .84 .86 .91 ,02 
.86 .84 .88 .91 ,02 
.88 .88 .90 1,00 ,02 
.90 ,88 .90 ,04 
.94 .BB .96 .04 
.94 .96 .96 ,04 
.94 .96 .96 ,07 
.94 .96 .96 .15 
.94 .96 .96 .15 
.94 1,00 .96 ,24 
.96 1,00 .24 
.96 .37 
.96 .43 
.96 .43 

1.00 .52 
.61 
.63 
.72 
.78 
,80 
.83 
.83 
.85 
.89 
.93 
.93 

1.00 



Table 4.1 Observed aircraft mixes. 

Aircraft Birmingham Manchester 
Group 15 }Jlg 79 AU€ 79 15 Aug 79 }Jlg 79 

1 18,\'; 1/% 0% 0% 

2 61% 6Lg 
' 59'/o :/i!o 

·3 1~ 16% 29'/. 28% 

4 ~ ~ 8% 1~ 

5 0% 0% lJ% IJ% 

Table 4.2 Aircraft mixes chosen for the study, 

Aircraft Aircraft mix 
Group 1 2 3 4 

1 18% 1~ 6% 0% 

2 7lf0 60% 46% 3~ 

3 6% 16% 261 36% 

4 ~ 'J%, 16% 2)t 

5 0% 3% 6% 9% 
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a 

b 

r 

se 

'lj, 

Ta.ble 4,J Total aircraft arrivals during the design hour (x) and stands required ty) for the different aircraft 
groups, stands not being shared between groups. 

Aircraft mix: 18 ~ Group 1 ?lf % Group 2 6 % Group J 2 % Group 4 0 % Group 5 
Turnaround flights: 

0~ 25% 50% 75% 

X y, y, y_, Y4 LY X y, y1 y~ Yt LY X Y, Y! yj Y4 LY X y, y1 YJ y~ LY X Y, --- ---
~A- 1.'/ 4.3 0,1 o.4 1·3 b,2 /.~ 4.8 o,9 o.4 1·t ~. 2. 1.1 4.s /.3 "·3 1.B 1.o f,S _s",Q.. 1·1 0.2 a.o "·" '·f. 
8.1 t.4- 5."/ /. r. o.4- /0,3 S./ t.4 s.q 1.o a.3 9.t. 1.B z.o S'.J;, J,3 •·4 9·2. 1.!{ 2.2. 5.8 1.2 o.4 ·u u. /.8 

'),1( 2.3 ID, 1 1.0 I o.f /o.J, 9.4 ~.4 ,.t 1-4 "· 4 /o.9 /D,'!, 2.4 ,,.,. ,,.,. •·3 1/.1 !J.B .t.3 1.o J,f" o.~ 1/,0 9.1 Z.2. 

n.~ 2·4 8.3 /.5 o.s 12.1 12,o t.l, 8.2. J,f o.4 IZ,9 1/, '1 2..4 8.3 ,., (),£' tU //,(, 2..4 B·O f,{, o,(. 12.(, 1/.3 2.4 
---·- --- - r--

14.1 3.o 9./ 2 .• ~.4 14.!: 13.4 2..8 8.4 :Z ,I} o.+ 1!.1, I~.(, ~.1- 9./ 2.o o.{, 14.4 14-.2 .1.1 9, (, ~.o o.~ /~:. 13.t, 2.(1, 
1-- f--

15./ ?..'! 9.~ 2.3 0, r. 15.4 14.1. J.j 1-1 2../ o.s 15 .• 14.8 z.~ lo.2 ,,g o.B 11>.4 /t~./ .3.4 /o.j 2.D 0,, "·3 1~.0 E.o 
-- r----- -- r---- --. -- --- --

"A 3.2. //,(, 2./ a.r, tf.s J,,'] 3.2 11.4 2. ·I "·' I f.3 11./ 3.2 11.4 2.• o.B 11.4 11.o 3.4 lf.t, 2.3 o.s 11.8 ,,,.1.. 3.1, 
--- -· 

18.'1 3.t 1'2,'} ~.z '-'·~ flU,. /},g 3.-t 1/.B 2. 2 •·1 18.4- /q,O 3.f 12.2 Z.G, ··1 11.3 18·3 J.J /1,!) 2.1, o.B !8.8 18.3 j.S 
- -

?,(), /, 3.1 12.1 2·5 o.4 19.S 22.5' J.q 13.1 Z.5 o.; zo.g 2o.9 4.o 13·/ 2.4 o.t 2o.2. 17.8 4.o U.o 1.(, 
··~ 1!.% IU 3.9 

21.9 3.8 14.3 2A •.1 21.4- Z2.2 4.3 14.~ t.(J. 1.(, 2,1,9 ~-1.4 3.9 14.t ~·1 v.B :2./.1 21·4 ~.t 14.2. 2., o.B t.I.(J ~l.t 4·1 

21.1 4,4 14.1, z.t. •.t 2.2.3 tJ.o 4.2. tU 2.8 o.B t~.!( 7.!:t 4./ 15,4 2,6, ._., 22.'/- 2.3.8 4.4 /5.Z. 2.3 o.1 2.1.3 24.5 4.5' 

7-S./ 4.1,. "·" u; /.o 24.1 2.4 .$' A.q 11..4 2.g I. D ~5., ~;,.g 4.1 ''·1 3.4 o/) 2~:1 26.£ 4.& /I..~ 3.2. o,9 2.5A- 2£.1 4.~ 

o.<n o.!/1 o./i£ us 2..1/ o,q, •·11 (J.)p •·ID 2.36 f),ff(t, /.14 •• ~& o,2.; 2.1!1 0,(3 /,23 o.4./. o.o{- 2..4t D,J;j, 

o.l!, o.~:_ o,oq tJ.?j o.s~ 0,/5 o.,o 0·10 o.OJ 0./! Oo/4 o.51 o.o9 o.Dl o.&4- . .,, o.to o-Il o.oJ o.8~ o.ll. 

o,?R o.99 o.11 o.-:18 I. oo o.11 o.99 n.?t- •. 8~ 0, 99 <.1~ •.91 o.J£" o.n D.J9 o,91 o.99 o. 99 o.U /,00 •.19 

1 0.1? .. ~ •.21- (),/4 •.45 lo.2-3 '·41 •.11,. o.lo,o.H 0./8 o.4$ o.,u ~.13 0.~6 o.Z.I 0,42. NI 0./2 o.SJ o.JJ 
L___ __ c._ _____ ----- : . ' • 

lOO% 

y, y3 y4- 2Y 
5.o /,0 o.t l.B 

~.f t.4 0,2_ '1-5 

/.5 
,,.,. o.{; 11.1 

1.4 /.IJ 0, 4- t?..o 
-- --

9.8 /, 9 o.+ /4.1 

lo.1. 2•o o,4 If:. f., 
------ ------ ------ ------

1/,f, Z.J O,!J 11.f 
---
/Z.3 2.4 .. .,. 19.1.. 

1--- c-----r--
14,0 u o.e 21.3 

1"-5 2.8 ··~ v.t: 

15.~ 2.1 0,8 2.'3$1 

11.3 2.9 o.B 25.(. 

1.o.t '·" O,/l5' 2.3._1 

' 6,,j o,oq 6.03 o.?/. 

o,?'J o,1f o,Bb o.H 

o.S1 M5 o.tJ o.t:f. 

NOTE: a and b are the constants in the equation y' = a+ bx, r is the correlation coefficient and se the standard 
error of estimate 
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Table 4.4 Total aircraft arrivals during the design hour (x) and stands required (y) for the different aircraft 
~;roups, sta.nds being partially shared betHeen groups. 

Aircraft mix: 18 ~ Group 1 74 % Group 2 6 % Group J 2 % Group 4 0 % Group 5 
Turnaround fliehts: 

O% 25% 50% 75% 
~ 

LY X Y, Yt yj Y. /~Y X Y, Y, y, y• X Y, Yt yj y• ;_:y X Y, Yt YJ y._ 2Y X Y, 

'/.I /, 2 3.8 ··~ 
•. , ~.o 

'· 1 
/, 4 4,/ o.? '·3 '"'1 ~.4 '·2. A.2. 0,8 •• 2. ~ . .(. 6.2. /,2 4 ,, loO •·3 '·' ,,_c; /,o 

-
1.8 '·I 4,q f, I • • 4. t.s 1.1 I· I 4.8 1.0 ~·3 1.2 e ·I '" 5.4 1.0 o,_; l·B 1.B 1-2 5.4 /.1 •·4 8./ 1.8 I' 2. 

10.2 1.2_ '·' /,I •. 4 e. a IO,o I' :J b-1 I. 0 •·4 8.8 /0.0 lo 2. 6·2.. "' •·4 8.'1 9-5 /,j ~.o , •·4 B,g q,~ lo) 

//.~ I. 2 :.~ ,, 2 ,, + ID.t) 11.·~ / . .j. 1.4 J, t () ~ ·- IO.~ it,, I· 4 1.5 ,,, o.a /0,8 11.1 I. 2. 1.4 /.3 •· 1 10,' ,,, 1.3 

IJ, 1 2,/ 8. '~ '·2 n.s 12.1 13.~ 1..3 8.8 I,:J ••• I :J./ 13,1 ?.) 8,(. I, 2. b,f., I t-.CI n.z 2.2.. 9./ 1-4 0,8 1.1$ '-'·3 2.., 

15·1 ?. , I 9,, /.'!. o.6 13.s f(.o/ 2./ ?.4 ,,, •·1 13.3 /4.1 2.3 7.1_ '·4 o,t, 1) • .5 !A.~ t,l ?./ (.4 •·B IJ.~ 1$.4 z,J 

/~.3 ~,ry /I, b 1.4 o,e /5.8 t~.s ?_,./ /1.1, 1.2... (1,:;- 15.& t1.o 2.,:1, /1.1- ,,4 •·1 "·0 lf.2 2.2. /1,0 1.!! •·?> lf,j J/,,4 2..2 
- ---- -- - .. --- ----

/8.4 ~ :: -·- 1/1 d o.t t1.J IB.S J./ //.4 /.~ o.t- JU 11. z ;., 1/1/, /.4 o.B /6.1 /8.4- ;.z 12,2_ J.l, o,8 11.8 17.' 3.t 

21.0 j,o /2.4 /, 1- o,J IB,o Zo.o 3-o· 12,1. J.B /,0 18.A 20.!{ .Jd 12.1 1.~ •·7 tB.3 :.,,, J,, /3.4 1.~ loO 19.1 Zo.4 J., 
2~.4 J.2 14./ 1.1 /.o Zo-2 22.g :? • (' !4.3 I,(, o,B 19.1 2/,, 3.2, 14.0 /.$ 0.8 19.9 z,.l 3-2 14.4 {.(. 1.0 2.o.l 2/.S 3-2 

u~ 3, I 14 .. g 2.o ,,, lo.9 23.t ... 1d 1·1.3 2.o O,(, 2.-o.o 24.J J,l N.J ~-/ /,o 2./-1 N-1 3,2, IS·IJ 2.0 o.B t.J,o 22.4 3,2_ 

25.1 4.~ '"· 7 /,? •.1 2J.o Z,4.4 4.( n.t z.o 0, e, 2!.( 2.~-1 4./ n.4 2..4 Id. U-1 z~ .• 4.t /~.$ "2,.t_ lo 2. 1,4.4 2.~.! 4-o 

•,20 -.ot o.ss o.oo o.JJ 0, "~~ -. 2./ 0,4.( Oof/, o.4t o.oo o.l!! 0.21 o.nJ o.sl 0,04- •. ~1 0,4, 0./b /,ZS -.11 

O,lf,. (',/.! fJ,O~ o,o.( o.68 0,14 0.6~ o.ot, D,oj 0·9$ O,f5 o-~2 o.of Oo04 o.eg •·'"- •·H o,o£ o.o4 •-95 o.Jh 

•.94 •M •.% •·1o •.91 •.?4 I. OtJ o,?j o.8o o,n o.1!: (),11 1).?1 ,_q, foOD o,9s f.Oo •• 1£ o.88 o,'f'l o,1f 

D.j~ 0,.5"/ Oo/(1 •·13 •. ,1 o,!j IJ,4" IJ.f!{ .. ,,. o,,z ~~~ o.43 O,Jj O.lt 0,51 o •. N •.J~ •• 1/ o./4 •-15 o.Z5 
·--

_, ___ 
.. --- -. ~------ . --- L.-L.--

100% 

Yt y.J ~ LY 

4./ /.o ~.o If,,/ 

S.l .. 1.0 ~-3 e., 

~-' /.0 ·-~ 9-3 

1.8 1.3 ··1 "·I 

't./ /.{. •-1- /J,J 

10.2 1-4 o.s J./,4 

/I. 4- }.~ o.1- ~~~b 

lt. 2. '·1 /.o 1'3.J 

/3,, /, ~ ··~ 18} 

t-1./ 2.-o •·8 2•-1 

14,g 1,8 /.f to.1 

/I..(, t-2. /,1. 1..4-.o 

o.sr. o.st -.1/ o.8~ 

•. ,J o.oi, 0,05 o.9o 

'·'· •·9J •.81 •·'11 

o._~4 0•/l,. O·IB o.~/ 

NOTE: a a.nd b are the consta.nts in the equation y' = a + bx, r is the correlation coefficient and se the standard 
error of estimate. 
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Table 4,5 Total aircraft arrivals during the desi6n hour (x) and stands required (y), stands being mutually 
shared amongst the different aircraft 6rOUps, 

Aircraft mix: 18 % Group 1 74 % Group 2 6 % Group 3 2 % Group 4 0 % Group 5 
Turnaround flights: 

25% 75% 100% 

X y X y X y X y X y 

~.1_ S.J 6.t s;J. ~.4. ~-.1 ~·1 '·• ~.8 &.t 

u, 1.o a.~ 1o/ s.o 1.1_ 1. I 1.1. M 1.3 

9.~ !.3 ?.4 B·4 "'.s- 8.1,. 1.8 8.1 fo.2. B.f, 

rt.4 11. I 1/.~ 9.0. 1/.8 q,q 1(, 2. u 1/.4- l~.o 

/4,0 1/,0 IJ.~ /(, g 1~.1 "·8 /3,(, If,(, 13.8 11.6 

13.g 11..2 l~.o /~., 14.8 12_,5 14-.9 IM 14,1. 12.? 

IS.9 /4,/ "·~ 14.o 1s.q 14.2 "·' 13.1 ''·8 14.1 

/I.S lb.o /g, 1 15.2. !M 15.8 /1.8 ts.o 11.8 15,q 

21.4 lb.~ 2.•·5 l~.t v.~ 11.o '2o.o /~.2 19,q l,.s 

~1.4 lB.~ V.~ 18.3 21./ IB,o 22 .2. 1$.0 ~1.4 18, 3 

2Z.:) tU 1~.~ l~.o 13.~ 11,4 Z.!.S 1'1.8 2.4.!) 1~.~ 

2.£.1 2/.t 24.2 
""· I 

U.l 2-n,I; zs-.9 2/.8 ~5'.4 2-1.1. 

o.SB ~.Jo 1.4/ •• 94 o.99 

o.Bo o.BI o.1s •·1'1 o.19 

•·99 o.97 l.oo /,oo /,Oo 

•·10 0 . ."4- •A8 •·31 o,.J(, _,_ --
~ NOTE: a and b are the constants in the equation y' = a + bx, r is the correlation coefficient and se the standard 

error of estimate. 



I 

a 

b 

r 

se 

X 

'·~ 
1.~ 

1.1 

ll.o 

13.1 

/A,, 

,,,, 

Y, 

,,, 
'· t. 

Table 4,6 Total aircraft arrivals during the design hour (x) and stands required (y) for the different aircraft 
eroups, stands not being shared between groups. 

Aircraft mix: 12% Group 1 60% Group 2 16% Group J 9% Group 4 J% Group 5 
Turnaround flights: 

O% 25% 50% 75% 100 % 
'···- ··- ·-·-·r-··-

~Ji; 
------. -----· ---- ··--

;sE~ 
--- ---! . ---- ·--- -- -,--r--· -

y~ '!.! Y., X Y, y~ yj .Y4 X Y, Yt Y_, Y4 ' Y5 'i.Y X Y, Y, Y_, y• y$' 'j_y X Y, yt y.3 y4 
- +--'- -' --!-- -- f---' 

4,/ 2.1 /.4 ~.:.- 9,, '·3 /. 2. A.o z,, lo ~ .. , ,,0 '·t f, 2. 4./ 2.1 ,, 2. o. S" 9, I ~.~ IoS 4,0 z,o I." 0,(. 9-5' ~-~ t.4 4.4 z.t f,J 

s.~ ~-~ 1.1 o.(. "'1- B.b /,"' S.J ::, E 1.1 •.S 11.4 8.3 /.8 S'.t 2. .4 I,![ 0,6 /1,~ 8,2 /,'f. s.t 2.·2 1.8 o.B "·1 1-. 4- /, q s .. ~ 1.A· 1,, 
-+-t-- --------

1·1 5.1 2.,1 f, 7 t>-1 11-1 9.8 f, 9 5.5 ?,.9 ~.o •. 'I 13.1 9.8 /.8 ~-1 t.B z.o o,f! /J.l 1-4 1·1 ~.4 t.e ~.o o.e 13.9 9.5' 1,1 ,,o Z,, t.o 

/, ') q 3.o ?. ,f "· e, 1&.: 11.1 2./ ~.8 2.1 ~.,3 o.~ 1!; .• 1/.o /, 9 ~-1 .1.4 t-4 o,q !l:it,.1 1/.4 ~.o ~-· .!ol t-3 0,8 15-Z 11.1. z.t 1./ 3.0 2,.4-

1..'1. 1.8 3.4 :_ ,/ I /,I l~.t.- ~~ ,(. ~.z 1-.~ M Z-2 •. q 
I '·2 /4.4 ' ' 1.9 :u t.§ f,J ''·' tN .. t.2 1·1 3.1. Z·!:' 1·3 1~.!{' /1..1 t.o B.o ,:!.4 .Z.3 ... 

2·3 11·1 3.8 ? .. 4 /, t I 1.8 11..4 ~.5 B-1- J.s ~.3 I. ;I 19.1 1~.4 ~.t. 8.8 .ol,o t.3 f, 3 I!J.b 14,t u. 8.'/ 4.o z.s '· 2. 18.8 14.!{ :t.4 ?.o 4-.~ z.e. 

2.1 ~A 3.(!, z.s /.3 /..>:>.2, ''·, 2.1 9.1 4.1.. ?...1 /, '2. 19.1 1?,/, 2 .. 1 1.1 3.9 2..4 lo4 2•-1 ''A ?..0 'U. 4.2. 7..~ 
'· 2. ~.4 18.3 2.(.. /d,3 4-,, 1..1, 

tp,siz.~ ?.~ 4.5' l.q 1.4 71./ 1?./ 3., ,,,, is-2 2..1 /,4 22.1 IIJ,t, IE.o I o. fJ 4,/, 3.1 
'· 3 

U.o 1?.• ;_, ~ to.t 4.1, ~.g !.!} tU_ 18.(. g,o , .. , 4.B M 

21.~ 

2,,.5 

'2.5.0 

U-5 

J,, Jl, I 4.4 3.4 1.5 :1.3.5 21.1 .3.o 11.2. 4.~ z,'1 I ,~ ·" V-1. ;,, 1 ..,1., tJ /1,3 !>~ 0 3.3 1.4 z,! •• 2tJ,fS' 2-'l 1/.1 4.4 2.1 /,(, U.1 2.•.4 ~.(~ JJ.S 4.9 3.4 

z.s 12,0 !io ~-I I. 4 24.3 ?J.1 3.2. 1/.5' 14.1, 3.4- I.!: 2A.t :.,,~ J.3 ,,q S.o 3.1. foB 7.5.4 2./,j t.? f1..d 4-1 :u .. 1.4 2~.t 21,(. 3.4 12.4 S:o 3.j 

3-3 12·9 "·" 3.4 I. I 2~ .• 24./, :3.4 12,, c . .-1 3.? /.1 2.,.1 23.4 J,z. 12.4 5.4 3.1, 1./,. ,_,,~ 24.1 3.1 13.2. s.s 3.8 ""' 1.1.1- 2.3,D J.2 13./ 5'.5 j,j. 

j,4 /j,j S'.h 3., /,1 21.8 24.1 3.!: 13.?. §, 1. 3.1- /, (, 2.1.t 2.5.$ 3.1. 13.2 5.1 4•2. 2,o ~8-~ 2:;".;3 J.o 13-B S,f 1.3 1.§ 28.3 2S-1 3.Z /4., I ,,t 4.t 

0,81 /.4, 1./4 o-84 •·25 4.s> D.'/o 1.?1 1,08 o.1/ Doli. 3.1/ Ut /.33 '· ()1._ o.4A ··•t j.4J •.11. /,15 P.8B o.t4 o.Jt 4.0.\' o.9t '·J8 o.a9 0,,, 
o.lo o.4' O,!f 0•1/ o.o.s- o.sq o.tt o.4B I o.l~ I o.!l (),1)1, o,?S' 

(} ·''- o.4S 0, lq •·14 r>.oB /.1)~ n.o? o.§l o.'2,o 0./J o.ol. b.12 t;./o 0·50 o.:l,o M:3 

0,11 I.Oo o.99 o.?J o.fe /. ()Q t·-~1 o.n •-11 •-7E o.75 n.11 o.78 J,Do o.?9 o.11 o,1S' /.00 n.1t, o,'J'j o. 11 o.1~ oM 1,00 P.15 '·"" o.18 o.1B 

o.ltl o.2z o.ttl o.S4 
i 

a.2o o.lb 1•-1:3 l'l,,d !"·.30 o,r/. ~y,/.4 "·"" o./J. M.1 0,11 0,2t 0·11 o,4q o./8 o.31 o.to •-23 0-/5 o.st O,t/ 0,24 0,2.1 o.to 
.. 

NOTE: a and b are the constants in the equation y' = a + bx, r is the correlation coefficient and se the standard 
error of estimate. 

Ys 'i.Y 
-- ------.. , 9.8 

- -.-------

o.s //, :f 

/,0 /J,J 

o,g 15{ 

1.4 lf.t 

1·3 19.9 

1.4 2.1.!" 

'·~ 2.j,( 

1.~ 2l.t 

'·" !1.5-1 

/, /, 2-f,, 

/.8 29.3 

o.u 4.•' . 
o.o, l,fJo 

o.13 t.oo 

O.t;f. o.l.4 
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-·-·t-··· -·--

X i Y, Y._ 
' q /.1 3.3 

~.3 /.1 4.5 

1., 1./ 5.o 

"·" /.2 t..t 

IZ.~! 1.:.. ~-$ 

14.1 /,2_ u 
If.,!, M 8.(. 

I'J. I 2.2 ?.2. 

:!,o.l l.'2. /a, 3 

?,J.1 2_., Jo,~ 

ZJ.~ z.2 11,1 

~4.4 ~., '~·B 

o.4 / lo/4 

o,og o.So 

o,?o t,oo 

Table 4,7 Total aircraft arrivals during the design hour (x) and stands required (y) for the different aircraft 
groups, stands·being partially shared between groups. 

Aircraft mix: 12% Group 1 60% Group 2 16% Group 3 9% Group 4 3% Group 5 
Turnaround fli~ts: 

O% 25% 50% 75% 10()}1: _ .... ---,-- --- --·- -··-· -·-r--···-r -·· ....... ··- •··· ... . --·- -·--. -- . ··-·· ------ --- --- -···· -- ---- ----- ----- -- ··- ---~- ·- ----

y~ y4 Y_,; 'j_y X Y, Y, Y3 1 Y4 y5 'j_y X Y, Yt y:l y4 Y, 'j_y X Y, Y._ y.3 ~ Ys 'j_y X Y, Y, ~ y~ 

I 

'·' '·' 6.5 u. ~.o /,0 !·4 I.S it· 0 ··~ u· ',f. /,0 J.1 I, f. /.2 o.~ 8./ q. }, D 3.') f,5 I. I 0.3 1.8 S,'l /,f M /.8 1,0 

z..o , '2. .. , 1.4- B·l /, ~ 4.B t. B 1·2. 0·1. 1.t. 8,3 ,,, 4.1 1·7 hfJ /.o ''•2 8.2. 1./ 5.o '· r. I, I O,f ?.S" 1.13 I, I o•l ,, 1 1.4 

2.-1 1.4 •. q fr~.4 ~.~ I,~ s.2 :1,.0 ,, 4 I• I 11.0 9. ~ /.l 5.4 ~.2. 1.4 c.1 tc-1 /0.~ ,, 'L 
'' J 

~.4 1.~ ~.~ IZ.o 9.4 1·2 !M 2,o /,3 

2.,C, 1.8 o.g 12,(. 11, 't ,, ~.o '-·~ lo ~ 
'· 0 

J1otl 12.1 /, ~ t.o 2..t /, r. o.£1 1?,.2 1!.1 ,, '3 ,,,. 2.4 ,,..,. 
··~ tZ.1 1/, 'I /. 2. 1.1 2.9 1·8 

:l.8 I·B •·1 IJS 12.~ /.2 1.2_ ? .. (. I, I] /,0 /4,o IJ.s I, I 1,1.. J.s 1.1 /.0 14.!0 1.3.~ /, 2. 1.o .!.o 2_,2_ o.1 14.1 N.o ,,z s.o J.2 /, ~ 

J,4 ,, 1 c.'/ 14.8 14,4 /,4 t~. t) 3./ 1.1 ,, 2. tS.4 IS.o t/i. £1,( J,j 1.8 /,0 15·4 J£,3 /.4 (J,/ J. r. 2.o f,o "'' 15,( 1.( g,g J.4- t,,o 

:!.4 1 .• 1 l.o 11.3 /~.2_ 2." 8.8 $.1 :1.3 d. 18·1 ''·' t.L 9.1.. .J.:. 2.t ,,, 11.'1 "·~ 2..3 8.8 .?.~ .z, B I. e. 19./ /~.(, .z.t M 3.(, z,4 

3.1 2..o 1,4 18.1 18.~ 2.o ~.~ 4.1 Zol 1.5 18.2. IB.!o 2. ·I 9.4 4>-f :1,.,3 1.5 t'/.1 16.!) .2/l. 9.1- 4.!) 2.·4 ,., 19.~ 'M ~.2. q,t, 4.,z. t.8 

1 a 
..... I z.z '· (. PA2 2.•4 :1..'1. /0, '2. ~.1 ~_.4 /.1- ::>oA 2o.t_ .2.,.:.. 1 o.E" _:I, 1 :1,,2 /.1 : .. ; 2.-P,f, :1,.1 /0,1, j,/, 2.1 '·8 .z,_g :le,~ M to.(, 4-.5" :l.{l 

4.~ q 1,3 '1.!.4 77.4 2.2. 1/.3 ·1.4 z.~ 1.5 :l7.t 2~.1 :_.o ,, 3 4-S '-·1 t.8 ~2.J 22.$ z.2. /1,1.. 4.S 3.2. 1.4 zz~ 22;5 ,2,1. 12,0 4.5' E.1 

<l.t 2.9 I,!, ZJ.t ne Z./ 11-1 4.z .J,o /,"f, 21.1- 23,, z, '1. lP.(, 4.3 3.'2. '·' 2J.r :23.;3 2.o 12.3 S.'2.. ;2.1 /,e. 24.o :'1.! :..o 12,5 4.'1 J.4-

4.~ u .. /.8 23 .; :>~.6. 2 .. :.. IZ.1 4.1 .:J.J /," t_A...,t,- :.q '·" 13.4 4.1 3ol ,, "' 2r.: '~·B :M. 12.8 4.3 3.1 '·1 2-{.1- 21.8 2..2. 12.1 ~·3 ,2."1. 

o.s9 ··~.(~.':'~~ f-···' ·~~4 •.11 •. ,'1. •-32 o,35 2.81 b.41- o.e/ '·'1 •·4 Oo/£ 2·59 DJ 51 lof1 o.-/8 o.2/ r-.o~ 2.11 CJ-.54 /.jt 0,54 0./5 
-·--·-

o.•t o.o9 o.oi o.9/ \ ··•1 o,<(!, 0·/1 I'), I/ o.DG, o. S.1 •.of •·48 .. " Ddb 0,1)(., o.es o.o} •·4' •·I~ N3 •·•1 .. ~/ IJ, o1 oAG o-18 o.(j 

•·19 d5 •.75 1,00 
I 

I "·1t "·~1 n,1B o.?B o.13 /,D, : ~.e-.s I, Of) o, 9E o,j:/ o.f4 /.Oo o.B' "00 •• ~4 .. ~~ o.1o o,q1 o.PJ. o.11 o,11 o.n 
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Table 4,8 Total aircraft arrivals during the design hour (x) and stands required (y), stands being mutually 
shared amongst the different aircraft croups. 

Aircraft mix: 12 ~ Group 1 60% Group 2 16% Group J 9% Group 4 J% Group 5 
Turnaround flights: 
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NOTE: a and b are the constants in the equation y' = a + bx, r is the correlation coefficient and se the standard 
error of estimate. 
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Table 4,9 Tota.l aircraft arrivals durinp, the desie;n hour (x) and stands required (y) for the different aircraft 
e;roups, stands not beine; shared between groups. 

Aircraft mix: 6 % Group 1 46 % Group 2 26 % Group 3 16 % Group 4 6 % Group 5 

Turnaround fli~hts: 
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Table 4,10 Total aircraft arrivals during the design hour (x) and stands required (y) for the different aircraft 
f!TOUps, stands being partially shared bet.reen groups. 

Aircraft mix: 6 % Group 1 46 % Group 2 26 % Group J 16 % Group 4 6 % Group 5 
Turnaround fli~hts: 
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NOTE: a .and. b are the consta.nts in the equation y' = a + bx, r is the correlation coefficient and se the standard 
error of estimate. 
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Table lf.ll Total aircraft arrivals during the design hour (x) and stands required (y), stands being mutually 
shared anoP~st the different aircraft ~oups. 

Aircraft mix: 6 % Group 1 I.J6 % Group 2 26 % Group 3 16 % Group 4 6 % Group 5 
Tur~,round fli~hts: 
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f: . NOTE: a. and b are the constants in the equa.tion y' = a + bx, r is the correlation coefficient and se the standard 
error of estimate. 
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T~.ble 4,12 Total aircraft arrivals durl:tl{; the desie:n hour (x) and stands required (y) for the different aircraft 
r:roups, stands not beine; shared bet~;een (70Ups. 

Aircraft mix: 0 % Group 1 32 % Group 2 J6 % Group 3 23 % Group 4 9 % Group 5 
Turnaround flie:hts: 
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1--- -
•.Jt o.:.1 

•-99 o.19 

D,gf O,t4 
~---

·-~t. •-t~ o ~~ ~- ~t_:_'::_"~ ~:d •.z~~~~ __ }~3!hs~ -~-_o-21~~~ --- ----·-- ---------- ____ .,_ --~------

- ----. 
Ys LY 

-
'·9 1/.f 

~-Z IJ.o 

. ' <·<- '"-4 
2,.£" I 7./ 

J.o 19. 'L 

J.3 u.z 

-~-8 2H 

4.3 25-1 ----
.3.9 t'" 
4.5 2B.B --
4·t -··-9 
4.g JJ,J 

o.t9 !.84-
-- -
0./f 1./5 

0.1~ /, IJtJ 

o.t' o.5t 
- ---

NOTE: a and b are the constants in the equation y' = a + bx, r is the correlation coefficient and se the standard 
error of estimate. 
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Table 4.13 Total aircraft arrivals during the desi(;TI hour (x) and stands required (y) for the different aircraft 
groups, stands beine partially shared between eroups. 

Aircraft mix: 0 % Group 1 32% Group 2 ::36 % Group 3 23% Group 4 9 % Group 5 
Turnaround flir,hts: 

O% 25% 50% 75% --:-:r 
X y'l. y_, y, Ys LY X y~ y_, y, y,. LY X y~ Y.· Y4. Y.~ b X y._ y_. Y4 Y.-r LY X Y2 

/:.,(1 /, 9 1..~ 1.9 ;.f 1.9 1,.5 ?.,/ ~ .. q t._.f) '·4 8.; '·' .2.1 2.!( ?.2 d B.4 1..4 2.2 ··2.(. z,o 1.1, 8.1(. 6.0 t.l 

Q ... ! " . 
w '.... ... ·"' 

F.~ :._., /. 7 Jo.t 8.4 2.t. 3.4 ~ ·8 /, ~ lo.4 1,, t." .3.0 t.B :_./ /0.5 8.1 ~.(. 3.8 :!·3 t,B ID.S (?.~ ~1.· ':1 

I 

t.1 1.8 i .'.o 4,0 :.,,1 1.1 11.4 ?.1 t.r; .q !.I /.& IZ.I '!B :..a 4.J _!.J z.o 12.4 to.o 4 .. 2. $.1 2.t 12..8 ro.o 3.0 
--· r--

11./ ?.J. 4..' 
" 

!./- :... /_ I' " . ·- tt.n 4 .• 4·$ .!.3 J.,,f "'·2 f/.5 J.(, 5.o !.8 2.-{. 14.g 11.3 :J.i. 4.9 .3.1] 2·5 IM /1,2 ... ~ 
t1 ~ !.4. r' J .. ~ . ~ lf",(t I :3.4 J:f s.4 .J,, ;1.~ ,_q !4.4 J. 9 -~.t 4,/ 2..1 16.4 13.4 .3/l s./. 3.'} S./ /1.5 t_H,. 4.0 .. - - - 1-
1~.~ A .. l r, 1 ,1,t .3./ 1&-.~ /!;,r, tU 5.t. 4.§ 2.9 If., 14.9 4.4 5'.4 J.. (, _":.,/ 11,5 14.~ 4-~ 5-3 4.1 3.3 18.o rM 4./3 
--
11./ d .. /.... c,..? 5.3 ?.1 18.B l.~.f} 4.t 6.f §./ 2..7 1'1,3 ,,.5 4.§ .:.a &.~ E.~ 1'/._t: 18.3 5.o 1.'2. 5.5 J,§ 21.! lt.1 H 

J?.R 5.1 1.o 5.~ ?. ,f "·4 IB.8 5.!) c..t .c.J 3.0 11,s (i,t, £B 6.J {~ ~ ... 1,(. ~.1·5 Zo.2 4..0 f,Q s.a 4./ tt.1 ;g,t, §.1 _ ... 
2c.q .r.-t re ,-, 

- . ' j,g 2.1.'/. ;lc.s /r,(l f.4 £.4 J,z 1!.~ t.o,c. _q 1.:3 S.! 4.2.. ::.4 to.4 £.5 1.9 ,,, 4-.4 •11 ,..., .. /1.5 !>'• 1 
- --
2.3 . .( &..{- 1.1 s.g :?.P, 23.1 P./.7 ~.4 1?.2. ?.f., ;?./, ·u z;.z.. ... 4 1.1 to.& :".1 u~ ~. 8 6.4 1.1 6.8 4.4 ·'-'·5' 2o.g (.,,1 

I 

~-"'·..,.. &.~ 02. ::. g ·'"· t. t4.,: .•J,/ t-.1 /3 • .1 ?.f 4.( ,':f.,f :_'-,4. '·8 B.J 6.4- 4-·5 ~ .. 2J.o M /M '-·1 t:.t t-9.0 HB t3 
1--- -- --- i-·-- --- 1--- ---

::qlr.e 8.4 ~. 1 J,t1 2.'·!: 2s.1 1.5 s.s 14 4.{ 2(.~ 1.:::,1 'f.t 9.4- t.} 4.t t!i.(. ~~.f.' 1.'f. 9.~ <..(3 .c:e :..9 .. ~ :! 4· I ·u 
I 

lOO% 

Y:; Y• Ys L_y 

.?.o 2 .1., t.? 9.j 

.1.1- t.1 1..o /1.4. 

4.4 .. ~.tJ t.~ 12.q 

:;./ J,t, :.!f 14.8 
+---· 

!1'.4 4,:.. J,.j. t'l. 0 

- 1-- --1----

b./ 4.5 J.! IB.7 

'· 1 5.3 4.1 zoj 

7. I r.&. 4,(. 12./J, 

:f.B 5.[ ~0 t4,2 
--

1. g t,,t, 4.9 25·9 

B.9 t.t' 4.8 tU 

9.8 t.f. S:t. !o.{, 

I tJ .If /.P, ~.4t /).95 ?,.45 -?.~_! o.94 o.ze '·'" /.9( a.:;t, 0.8.'!: o.az o.f7 £,1! t) .:.1 /.02. '·'1 o.n e.tB o.41 1.12. o.Jr: 0.,~ 2.>.1 
·-~·- ----- -- . - ------- -- ·-- ... . - ------ .. ----

~~;;r::;; 
-------- ·-·-- ·- -

I 
o.g 2. o.2.1 o.28 M1 o.M •·it tJ.fj 0,28 o,Jf o, 11 ('.~ /.~/ •·M o,J9 0.28 o.jt_ o.t., C~,1o '·"' •·28 o.J3 •·& '''0 

o,q1 •·11 c.1t "-1~ I·OD •·91 '·'ll •·91!•.91 /,OD r.11 •.17 "· 'tf ~.71 /.D-o 1>. 11 o.17 o.?t 0,11 /.oo •.19 /, E>tJ 0.?1 o.91 ,,.-o 

!~ '±I I o.ZJ o.zt. o.;/ o,(l •·?I o.?3 •·!? o.t( •.4J 0·<9 o.23 r.21 io.Zf O.IJ o.2.Ci•·3~ •-!41•.21(44 __ I•·J~ •-34 b,4-3 o.n •-64 0, ~(. 
-·---------.-- ... 1.. -·-- --·--'-··· ~--- ·-··-·-·· . ----- -

__ ,_ 
-------~-- ___ ,_, ________ ,. ------ ___ ___L_ __ -- --- :.__ .. ' .. . ......... ___ , ___ L .... 

NOTE: a and b are the constants in the equation y' = a + bx, r is the correlation coefficient and se the standard 
error of estimate, 
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Table 4,14 Total aircraft arrivals during the desir,n hour (x) and stands required (y), sta.nds being mutually 
shared amongst the different aircraft r,roups. 

Aircraft mix: 0% Group 1 J2% Group 2 J5% Group J 2J% Group 4 9% Group 5 
Tunraxound flir,hts: 

O% _ _____, 
j ! 

X I y ~ 

1: . .1
1
r.r

1 
I 

IS.t.,'M • .t! 

!f.1 ,,.jl 
1t,o 1~.2, 

21.4 11, I i 
22.0 11. (,1 

2~.~ ~~.) 

z_<.J i z2j 
i 1.0~ 

25% 

X y 

'·! ~·5' 

i 8.o ~ . 
< ·-

! 
I~.'J 1.1 

/l.p ,,,., 

'-"·' 1/~., 
I 

IS,fl 1![.3 

'/')11.>.9 
' ' 
!tR.5:tt.t 

·"' I ... 
' ! 1<12 

• o.eg 

/. oo 

jo.3~! 

50% 

X y 

, .. ,,J. 

1.9.o p,_<" 
I-
I l9.&, /P,t, 

i 
12.1 /2,?_ 

13.t. 13.1 

I 
/5 . .f /S.o 

~, .. ~ 1'-(. 

j;.u 19.~ 

I . RP.B 't.4·/ 

! :to.£ 1_D.f-

'25.• 22.o 

't>-1 7S.t 

' I n.11 I 

I 
d3 

I.Co 

o.Jf 

75% 100% 

X y X y 

~.:2. ?.j 7.1 1.5 

8., 'M B.o ? . .{. 

/0.5 (D,9 ?.1· /o.f 

/!,(. IZ,J /1,8 lt./l 

/3.{ 13.~ rt.! 13.7 

14.1 15.4 tM l_'f,g 

"·I 1/..f 15.{- 1/J.{ 

''·~ t9.o 18.1 t9.B 

2o,e, 2-1.1 .. 11.1 t././ 

21.1 t,2.o 21.1 ZJ.J 

2.4.t. 2~.1 14~< 2.5-C. 

1{,,() 1$.1,. 2J.' t5.P, 

f,·u;, o.[J!f 

o.14 '·•3 
/.oo /, "" 
0.~5 o.4/?. 

NOTE: a and b are the constants in the equation y' = a + bx, r is the correlation coefficien~ and se the standard 
error of estimate. 



Table 4.15 Stand requirements computed in different ~mys. 

Handling Graphs Horonjeff 
rule 

1 9 10-14 

2 11 

3 9-15 14-15 

NOTE: Rule 1 = Stands mutually shared 
Rule 2 = Stands partially shared 
Rule 3 = Stands not shared 

Piper European 
based 

8 14 

Table 4,16 Stand requirements calculated vs observed. 

Aircraft Group 
1 2 3 4 

Stands mutually shared 
Nodel 
Observed 

Stands not shared 
Model 2 6-7 2 1 
Observed 3 7 2 1 

Model 

9-10 

10-11 

11-13 

Total. 

8-10 
9 

11-12 
13 

48 



Table 5,1 Relevance of occupancy time. 
Total aircraft arrivals during the design hour (x) and stands 
required (y). 

Occupancy time 
+ 4 min 

X y 

'·" ~~-6 

1.4 12.1 

9.9 /5.4 

/2.o ''·1 
/3.1 19.1 

15-1 2o.B 

'"'-~ 22-1 

19.0 ~A-i 
~ -·--

2o.s 2.5.1 

21.1- 21.1 
- -

2.4.1 29.9 
I--
24.8 3>0 

.a 4.1/, 

b /.os 

Actual 
occupancy time 

: 
X y 

t.o 10-2 

8.4 12.4 

/o.o 14.8 

l/.8 lb.o 

tJ,.4 18-• 

14.8 19., 

1~.4 i Zo.B! 

1 I 18.1123.4, 
I 

zc.( 2.4.1 

2.2-B 2.~.t 

24.8 2$.8 

tld I t9., 
I 

I I . 4-.l.fl 
1·-1!! 

NOTE: a and b are the constants in the equation y' = a+ bx. 



Table 5.2 Relevance of permissible delays, 
Total aircraft arrivals during the design hour (x) and stands 
required (y), 

Maximum permissible delay 

6 minutes 12 minutes 
.. - ·----

X y 
- 1-- -

'·' ID.B 
··-- --

r-~l-;-

"'1!~~2 
r.4 12.1 8 . .3 1,~.81 
-- I 

'f, 'f 15.4- 9.8 IH 
---- ----· - ··-
/2.o ~'·1 1/.1 1~.2 
-· ------
/$.1 19.~ 13.4 18.8 
-- - 1--- --
/5.( 2.o.B /4.o 19-D I 

tt..h f2,f /1.2 .uJ 
; 

I 
19.0 u.t 

2o.s 25.1 
f--- -

lB.~ 2.~.~( 

i 2o.z 2.4., 
f-- --

21. ':f 21./ 23.o U,.~ 

24.1 2M PA.o 
I 

U.2· 

24.8 3/.0 H.C ~e.£' 

a 
- ---

4.~. -- ~-
5·•3 

' 
J, oS o.?s b 

' 

NOTE: a end b are the constants in ~~e equation y' = a + bx. 
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Table .5.3 Probability distributions a.nd cumulative functions of arrival times. 

Time 

~-----1 

I 5-t. 
' 

l!.-=.:__ 
I '/.g 

8·1 

~-to 

/o -I/ 

11- 11. 

12· 13 

I~~ !4. 

;--~4-- 1<5" l 
15. ~~ ; 

~-~z:~;--1 
11-18 

18-11 
---

19-1.0 
·-----

to. 2. r 

Birmingham 

Peak condition 

Nonthly 
average 
(Aug 78) 
• i 
: .or .of i 
! .05 .Db I 

----~ 

I .a 5" . ~4 

\_.o5 ,j~ 

,0, .4£ 

,04 .4q 
r--- -

,Oft, .5.'> 

.o1 -~2. 

. ·~ .b8 

,/0 ,fg 

.o1 .8£ 
---- --··--

! 
,og 1 .~j 

r_·:~-~-~-•o 
__ j _____ 

Weel~day Weekend 

(21-08-79) (2.5-08-7Q) 
... 

I 
, .o£ l.o5 

. o4 .o4 
-

·"' ./0 

~~~ 
t;t· --

•t 
I 

~~_s 
I ""I~ 
~~~ 

. t1 

~-~~ 1-~~-
.oZ -34 .o5 .44 

-· 

1 .os .4t 
' 

.<>2. .4-4 

1-12 -5~ 

I 

~ .o3 .§9 
·--~- ---

.ot, .so .o~ .{,J 
1--
' ./0 ·"• .o1 .bg . 

,OIJ -~· ! .oB .ft, 
~- --

./$ .18 l.o'f .BJ 

! ./0 .BP, 
f-- r--· 

1-~5' .81! ,_ 
! n.j. .n ' 

' . o., .s8 
I -- ---·-· 

.oB I.MI l.t2_ /,bO 
--'---

Monthly 
averaee 
(Jan 78) 

.oo .oo 

.of .of 
i--·· ··---· 
,o/, .o1 

.t>/, . t3 
1-'---· 

.o-4- • If 

./0 1.2.1 
-

./o si-

.o~ .44 

,o£ -41 
1--- r--.. , . 55" 

.Oh . bl 

.03 .64 

./4- ·tB 

k~- .8+ 
--

.o9 .9.3 
--···-- . -----

.01 /,1)0 

Off peak 

Weekday 

(28-11-78) 

.oo ,00 

,oo .oo 

.to •/0 

.us .!5 

.•5 , Zo . 

·/0 ,ja 

.oB ,Jtl 

.os .4-3 

• of( .4-$ 

,o£ .53 

·•1 .loo 

.oB -bB 

./5 .BJ' 

,ot .85 

.o5 • 9o 

,/0 f,OD 

~!.anchester 

Peak condition Off peak 

Weekend Weekday Weekend Weekday Weekend 

(26-11-78) (16-08-79) (12-08-79) ( 8-02-79) ( 4-02-79) 

.oo .oo • o2. . •2. ,ot_ . ol ••• .00 . 02. .o2 

, oo , Oo ,/0 ./~ .os .01 ••• .oo .no 'ol, 

.oB . oB .•1 ·I? .or ·14- ./7. ,/1.. .o5 .o1 

. 04 ·12 .o3 .1~ ,o1 .23 ·•4 ,,, .oS ./1 • 

.tJJ, .!5' . •1- .t1 ,ot, .~'1 .15 • 2.1 ,12. .14 

.o4 -19 .o5 .34 • 0/, .35' .o4 .2! .o3 . if 

.12. • 31 .o~ .38 .o2 Sf. , o!J ,JJ , o1- .24-

.o.f- .3{ -•1 -4! , ot, .43 'o2. ,jS' .ot .2.'/ 

.o3 .:;g .D{, .SI -·~ .. ~.qj .oo .35 . ,.,. •• l/, 
-- - --

I 
·Of . -41.. .o4 .ss .oj .sz ,05 .4o ·04 .4-lo 
-· --
·l'i. .54 

f-- 1--
.os .bo 

., -
. ·ll • t,4- ' o'f . 4-9 ./o .so 

.oB .ht ·•4 .,4 .08 -12. • t I ·'• .o£ .5! 

.I/ .13 .oe -12. .os .Bo .o~ • bB .l'l. .£1 
I 

,o!J -81 .ot, -~B .o'f ·~'~-: .•9 -11 ·12. ·11 

.o1 .88 ·12. -9o .o1 '14- .o1 .<~4- .. ~ .88 

-12 /.(J() 

-- - I·'' },b{J 
1
_.olo_ /.Do 

'---

_,, 
/.00 

-·--- --~-

·12. /.DO I 



a 

b 

Table 5.4 Relevance of .arrival pattern, 
Total aircraft arrivals during the design hour (x) and stands required (y), 

B i r m i nr;ham Manchester 

Peak condition 

11onthly 
aver~e 

( Aur; 78) 

X IY! 
4-11/0.4 

lt.t! 12.o 

: 1.8 113.8 . 
' 
~ 1~..41 ! 8.5 

' 

i 8.8 IB} 

' I 
i 10.5118.8 

' 1/.l ~n.9 

i 12.5 23-t 

/3.4 24.t: 

1/H 24(. 

115./_ 2fl.o 

11.5 2.9.~ 

3./1.. 

' L /.58 
. --- ------. 

1?eekday 

(21-08-79) 

X y 

6.4 to.B 

1.4 12.1 

'1·1 /(.~ 

t~.o /~.1 

!_1.1 1''/.1 

15·1 to.P, 

/&.f. :t.f 

t9.o :lA./ 

2o.~ 2.5-1 
~---

2/.f 7.1·1 

M./ 2.1.1 

2.4.8 !1·0 

4.41. 

/-OS 
-------- .. ----· 

Heekend 11onthly 
averaJSe 

(25-08-79) (Jan 78) -- ___ ,_1 --------
X y X y 

1-1 11-4 5.1 to.?_ 

9.2. ,_;.z &.8 1/.8 

/f,j /!;, 2. g,f IJ.o 

13.3 11.9 9.B 15.2 
-

/4.~ 2.o.t 1/.2. 18-1 

11.8 ,,,,j 12., 11-5 

19.j 24.1 13.1 2.1.3 
... 

23.o 2~.3 ''·' 2U 
... -- __ .. __ . 

U.i 2q,, ~'·3 23.4-
- -· .. ··------ -

2..b./ ng IH 25.1 

2&.8 Jl.8 /1./ z~.~ 

3/.3 j4.£ 2/.9 21.1 

4.~, 4 .• , 
1-- --· ----- ... ---

o.9S l./1 
. ···--·-. -- ------- ---·· 

Off peak Peak condition 

Weekday Heekend Weekday Weekend 

(28-11-78) 
,....---

' 
(26-11-78) (16-08-[9) (12-08-79) ---- r- -· 

X y X y X y ' X y 

5.9 ''·2. 5.8 /o.4 S./ /0,4- 5.4 , .. , 
8.3 13.'1, 1.4 13.3 ,,g 1$.4- ~.2., t3.o 

M 14.1 9.(! 14., fJ,() IS· I 1.3 13.9 

''·2. "·• 9.!; !M 9.2. 11.!.. 8.4. H . .f, 

/Z.r. 18.1 //.'/._ /9.1t 9.'1 /9.9 t•·t. /B.Z. 
- -

1/.5 19.!- /2.5 19.'+ t/.4 t;J.f 11./ 2•·2. 
- ---

14.1, ~-··~ /.3.4 Zl·~ 12.t 2t.1 /2.2. ~/.8 
-- .. 

"·' 2H !5-9 23.! /4.4 tA.5 IH 23.1 
c--- --·-- ---
IH 25.0 11.2. :..u ,,,, 25.1 /5./ Z£,4 

10.1 21.5 11.1 Z(,.3 I M. 28·1 /5.1 Z:f·l 
-

2/.o 2.8-1 ~~~.;. 29.o if. I;' :Jo.4 tt.r 2.1 . .5' 
... 

21.9 3o.z 2•·1 ne /f. M :Jt ... lB. I. ~ .. , 
-- --· --·- .... 

.3.Sj 
~--- . --· 

J.H 2.1t 3.15 

/.23 ,,zs t.sq Mlt 
-------- ---- ---- ------ ---L__ 

NOTE: a and b are the constants in the equation y' = a + bx, 

Off peak 

Weekday Weekend 

( 8-02-79) ( 4-02-79) 
' 

X y X y I 
' ,,, /0.~ 5.~ /08! 

1·1 12,, ,,g I 2.4-i 
i 

9./ /4., 8.1.. /4.,fl 
i 

to.l. tU /0.} 11.2.' 
1 

12.1-- 18.2., 11.t /8.~ 

13$ 2.•.~ tt.5 19.?,1 

"·0 23.5 /1.f1 2/.4-' 

/~.b Z&,1 15.1 HB' 
·---· 
1$.4 25.~ 11. I 25.'' 

2.o.!._ 2B.5 18.5 :.1.2 

2•·1 2-1.~ IS.I. .t8.; 

t5.t 32.(, /9.1 3D,2_: 

J.:ff J,Dh' 

f,Zo /.:JJ 
------ ----- ---- -------



Table 5,5 Relevance of the interaction between peak arrival rates 
overall daily arrival patterns and stand requirements. ' 

Binningha!n Manchester 
IJ (}._ e.... 

Fig 5,3 b Piper cl Fig 5.3 t, Piper et 
~ Horonjeff European Horonjeff European 

based based 

Arrivals per day 50 

Arri va1.s per hour 9 6 
Departures per hour J 2 
Arrivals + Departures 12 8 

Stands required 14 14 10 13 12 10 7 
V... ~ (, cl lie - t-

Arrivals per day 90 

Arrivals per. hour . 16 11 
Departures per hour 5 J 
Arrivals + Departures 21 14 

Stands required 21 25 18 23 20 17 12 

Arrivals per day 140 

Arrivals per hour 25 17 
Departures per hour 7 5 
Arrivals + Departures 32 22 

Stands required Jl 40 27 35 29 27 19 

NOTE: The model was run under the "stands not shared" condition 
Aircraft mix 6% 46~ ~ 161, (!(,, 75'& turnaround flights 
Weighted mean occupancy time = 1.1 h 
U = 0.7 in Horonjeff's formula 

9 
Uc 

15 

24 

q a 0.75 in Piper's equation 
Departures were supposed to be 30% of the arrivals in the design 
hour 

53 



Table 5.6 Relevance of the n~mber of days simulated. 
Total aircraft arrivals during the design hour (x) and stands 
required (y). 

25 days 25 days 

X y X y 

'·" /D.B 
"· 6 

/0,5 

1.4 IZ.t 8.o 13.4 

9.9 

"'I /2.0 If..'/ 

13.1 19.fj 

/S.f 2o.s! 

/D.( 15·1 

I 1/. (p ' I :f.! 
I 

i 
14.1 i 18.1 

~----t--
15.4- j 2o.4 

! 
"·" 22.( i 
t9.o 24-.t' 

Jt.4 i 22.0 

8 I • I .S !23.; 

I -1 
2o.512S.i i 

1---. ., 

I 

2-1.1121-1' 
. ----+-···---! 

I 

24.1' 21.q 
- --+-----: 

24.8: 3/.o; 

i i+.2JI .___.........,.__ --· 
1/.Pb; 
! . \ 

l:O::'E: a and bare the constar.ts in the equation y' = a+ bx. 
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!rrp~t 

~1~ 
! UJ 
i 5 9 
L ... o. •. ~~~-\~_<t'!..-

Aircraft mix 
nir,ht type mix 
Maximum permissible 
delay 
Aircraft per day (N) 

CA'!:!f;ORY 01 THE t:z:XT t.ARC::sr SIZE croup& 

The aircraft stays on the 
first available stand 
until 1 ts occu!)aney time 
is up 

if thtre is 

' Finds 'Whether there is any 
vacant stand 1 -~ . 

if ~t ------ -~ 

DATA GEIIERATIOII 

6r-----------------~ 
Arrlv:\l. time, Aircraft group, Fllp;ht 
type n.nd Oec;upl".ncy time are sorted 
accord.ing to arrival times 

APROll SIIIULATIOII 
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MASTE~ APRON~!MULATJON 
RFAI MJN, MA~. 

OIMFNSION ADPA(5), AMAX(25l, AMM(5)• ANNN(2), APP(21), APPRC21l• A 
1TVC14n). DC1?5), FTC140), 11(5), KK<Sl, MMC5), NNN(2), NSR(5), 5(1 
225), SATC140l, SDTC~Sl, SOT<140), W0RK1(4), WORK2(4l; XMIN(S), A 
3(4,40), AAC4n,4), AG(25,5), CC<5,2), FTTC25,2lt OTT(5,2), SR(25, 
46), TAPPC?5,?1), OTC5,2,140), OTPP(S,2,48l 
CO~!MON/R00M1 I AT1, AT2, AT3, AT4, ATS, FTT1, FTT2, I SUB, IUAG, NM, 

1 PD. Ec9), Nt.1(5), PRST(21), XC21), XX(48l, XVC9) 
COMMON/ROOM2/ AADA, AADAR, AAT1, AAT2, AAT3, AAT4, AAT5, FFTT1, FF 

1TT2. PDMo T4. XMNS, XSDS, ADA(5), ADARC5l, APRSTC21l, BPRST<21lt 
2~ELC21), TT(~), XMNC21), XMN1C6), XMN!(2), XMN4(5), XSDC21), XSD1( 
36), XSD1RC6), XSD2C?l, XSD4(5), CCT(S,2l, CCTR(S,z>, OTTA(5,2l• 
40TSS(5,~o48) 

COMMON/ROOM3/ ISFT, NDAS, AA0T(5,2), P(5,2,48) 
TIMCX)•TF!X(X)+(X•IFIX(Xll•60i/100, 
CAI I. GO~CCF 
CALL READFR 
DO ~20 .IJ:1,TSET 

r. ....... ,. ........................................................... . 
r. 
r. 
r. DATA GENFRATTON 
r. 
C DEPARTURE TIMF. 

r. 

DO 165 r•1.~M 
14R R•GOSCAFC~l 

IFCR.EQ.O.) r.tl Tn 148 
DO 151) t=!>•B 
IFC~.EQ:Ect)l50 TO 155 
IFCR,C:T.ECI).ANO.R.LT.E(J+1))G0 TO 160 

1~0 COf!TINUF 
155 SOTtll=~VIJ) 

GO TO 11'>5 
1AO SDTCL>•~VCJ)+C(R-~CJ))*(XV(I+1)•XV(I))/(ECJ+1)•E(t))) 
16~ CC1'JTJNUF 

r. AR~tVAL TJME 
t>0·185 1=1,NnAS 

r. 

1AR P•GOSCArCX) 
IFCR.~Q·O.) GO TO 168 
!JO 17!1 1=5,20 
IFCR.EO.PRSTCJ>) Go TO 175 
JFCP,GT PPSTC!).A~n.R.LT.PRST(I+1)) GO TO 180 

17(1 Crtn 1 NUF 
175 SATtL>=x<Jl 

r.r. TO 1 ~5 
1~0 SATCLl•XCTl+tCR•PRST(J))•(~(J+1)•X(Il)/CPRST(t+1l•PRST(J))) 
1~~ CC'!t.ITINUF 

( AIRr~AF, C:PI'IIP 

or• 1 Q n n• 1 • s 
190 t-'!Hll=O 

~0 ?15 1•1 ,NOAS 
~=-i.nsru ex> 
IFIP,GE.ATSI GO TO 19~ 
JF(P,GE.AT4) r,O TO 700 
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r. 

1FC~.GE:AT3) nO TO 205 
1FCR,GE.AT2) GO TO 210 
ATV! L)l•1 
foii'C1 )cM~·C1 )+1 
Gtl TO 215 

1Q5 ATVC L) ·~ 
Hl C ~ ) • M I' C '; ) + 1 
GO TO 215 

200 ATVCU•4 
fo'M(4)•Mf<C4)+1 
GO TO 215 

~05 ATV< Lh~ 
I'M C 3) =M rH :'1) + 1 
Gr; TO 215 

21n ATV<U=;> 
MP.(;>):M~1(2)+1 

215 CONTlNUF 

r. FLIGHT TYPE 
[\C 220 1:1,2 

r. 

220 Ntd! !I) et') 

00 ;>31l 1"1,NDAS 
R=G05CHCX) 
IFCP.GE:FTT2) GO TO 225 
FTCI)::1 
N t• ~ r1 ) •rv N ~ C 1 ) + 1 
(,(; TO 2~0 

275 FT<Il=2 
~ IJ ~ ( 2) c ~· N N ( 2 l + 1 

23~ CONTJI!Ur 

r. OCCIIPANrV TI"F 
[\0 235 !•=1, 5 
DC ;>35 Nc1,2 
DO ;>35 I c1 ,NDAS 

735 0TC~,N,, ):0, 
[\0 755 1 •1, f1nAS 

?3P. R=Gt'15CA~CX> 
IFCR,EQ 0.) GO TO 238 
t,=ATY(Ll 
N=FT( l) 
PO ;140 ro:1 ,47 
IF!R,FO.P(M,N,l)) GO TO 250 
!FCR.GT.PCM,N,l),AND.R,LT.P(M,N,I+1)) GO TO 245 

;>t.~ CC1NTI~UF 
?45 SOTCL)•YX(I)+C(R-PCM,N,!))*(XX(l+1l-XXC1))/(PCM,N,l+1)-P(M,N,!))) 

r. 

(I 1 ( t• , N , 1 ) = S 0 T ( l) 
GC• TO 2~5 

2'" SOTIL)o:XXII) 
Cl(to,N,, ):S0T(l) 

75~ CC•~!TPil!F 

r. D~TA ~OkTTNG ACCORDING TO ARRIVAL TIMES 
[\(; 26/l ~;:1,NDAS 

AC1.N)c~AT(~l 

AC2,Nl•HY(~l 
AC:LN):~TO!) 
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2~("1 ~C4,N)a~OT(~' 
I COl =1 
IFATL=O 
DO 265 Ja1,NDAS 
DO ~65 Ja1,4 

?~5 A~CJ,J):AlJoll 
CAll MD1AF.F(AA,NDAS,4,!COL,~ORK1,~0RK2,1FA!Ll 
DO nn k•1,NfiAS 
S.r.TCK)o:AACK,1) 
PTVCKl•AACIC,?) 
FTCIC)•AACKo3) 

2?0 S0T<Kl•AACKo4l 
r. ...................................... ' •••••••••••••••.•••••••••••••• 
r. 
r. 
C ~PPON STMliLAT!ON 
r. 

r 

~RJTEC2.6115) 
\.IR!TEC2.6Q0) JJ 
AAT1zAT1 
AATi':AB•AT2 
A~H=AT4•AT3 
PAT4=An•AT4 
PAT~=<1:00·AT5)+.01 
FFTT1=FTT1 
FFTT2•C1.00•FTT2)+.01 
IJRITEC2.695) 
I-IR!TE(2.700) 
~('l ;175 ,.,,,5 
HCT)=N~t(!) 

?75 CONTINU~ 

C ~EPARTUQB 
~~1:NINT(NM*AT1) 
lFCNM1.FQ.0) GO TO 330 
~(• TO 3'0 

?RO ~~2:NINT(NM*AAT2l 
!FCNM2.FO.a) GO TO 350 
lc~~T=n~1 +NM2 
IFCN~T.IE.NM) GO TO 340 
~l>l?.:t>'l•II'M1 

IFCNM2.1E.Ol GO TO 350 
GO TO 340 

2R5 hM3:N!NT(NM*AAT3) 
IFCNM3.F0.0) GO T('l 370 
Hq =NM 1 +I> I'~+~ t~3 
IFChMT.If.NMl GO TO 360 
NM3:~~-~~~1+NM2) 
IFP.Jt'3.!F..Ol c;O TO 3?0 
(•(' T(l 31>0 

7QO ~~4=~1NT(NM*AAT41 
Jf(NM4.FQ.0) AO TO !90 
~I'T=NM1+~r2+NM3+NM4 
IFCNMT.If.NMl GO TO 380 
~M4:NM•(NH1+NM2+NM3) 

l f I Nt-~4.1 F. 0) r.O TC' 3911 
GO TO 3RO 

92 



e 

-,oo CONT!NU~ 
N~T:NH1+NN2+NM3+NM4 

!F(~MT.r,F.NMl GO TO 310 
~M5:NM~,Jf'T 

KK(~l=~N(~)+NN5~1 

~Ms~aNM1+NM2+NM3+~M4+1 
CALl. rsrs.sDT,S.o.~MS~.~M,NN<5ll. 
GO TO 400 

~1 0 CONT I ~W~ 
0 0 31 5 .I • ~ N ( c;) o K I( ( 5 l 
S(J)a,. 

31~ CO~T!NU~ 
GO TO 41"10 

'J20 CO'JT!NU~ 
KK(1)aNM1 
CALl. TSCS,SOT,1,0,1 ,NM1 oNN(1)) 
GO TO 2110 

BO CONTINUF 
DO 135 .I=NNC1loKKC1l 
S(Jl=~. 

:B5 CO'JTI~U~ 
GO TO 2110 

14/l CO.~T!NU~ 
KK(~l:N~C2l+NM2~1 

NMS7=NM1+1 
NMSS2=NM1+NM7 
CALl. TSIS,SOT,2,0,N~S2,NMSS2,NN(2l) 
GO TO 2115 

351) CONT!NUF 
00 155 .t=NNOl oKKC2l 
SCJl=5. 

H~ CONrl!IIUF 
GO TO 2115 

160 CONT!NUF 
K~(1l=NN(Jl+NM3~1 
NMS3=NM1+NM2+1 
NMSS3=NM1+NM2+NM3 
CALl. TSIS,SDT,3,0,NMS3,NMSS3,NN(3)) 
GO TO 290 

17n CONTINUF 
DO 375 .t•NNC1l oKIC(3) 
S(J)s5. 

375 CONTINUF 
GO TO 290 

.380 CONTINUF 
KK(4laNN(4l+NM4•1 
NMS4:NM1+NM2+NM3+1 
NMSS4=NM1+NM2+NM3+~M4 
CALL TSIS,SDT,4,0,NMS4oNMSS4,NN(4)) 
GO TO 3nO 

'J90 CONTINUF 
00 195 .t•NN(4loKKC4l 
SCJl:5. 

195 CONTINUt= 
GO TO 300 

401l COlJT!NUI' 



r. ARRIVALS AND DEPARTURFS 
~Nsqcll 

IFC!SUB.E0.2> GO TO 410 
PO 405 T•1,NilAS 
CALl. STANDSNOTSHARFDC!,NN,KK,SAT,S,DrMIN,po,SOT,XMIN,ATV•FT•II) 

405 CO•JT I NUF 
GO TO 4~0 

411) CONT!NUF 
PO 415 T•1,NilAS 
CALl STANnSPARTIALLVSHAREDC!,NN,KK,SAT,S,p,M!N,PO,SOT,XMIN,ATV•FT, 

1ll.tUAGl 
415 CONTINUF 
420 CONTt II;UF 

00430!•1,5 
IFCMMCI>.EQ.Ol GO TO 425 
NSRCI)•~KCI)-NN(I)+1 
GO TO 4~0 

4;1~ ~SRCil"O 
43Cl CONTI NUF 

DO 435 1•1 ,5 
NNSR•NNSR+NSRC!) 

4~5 CONT!NUF 
WRITEC2.710)CNSRC!l,!=1•5> 
WRITF.C2.715) NNSR 
PIJ 440 1=1 ,5 
SR(JJ,I)aNSRII) 

44n CONTINUF 
SP (JJ ,6> •NNSR 

r ....................................................................... . 
r. 
c 
r. STORING. ON A DAILY BASIS, OF DATA GE~ERATED 
r. 
C ARRIVAL PATTFR~ 

N: 1 
T::5. 
AS:O. 
IA~=AS 
DO 445 J:fl,21 

44~ APP(I):O. 
PO 460 1•6,21 
T=T+1. 
AP:n. 
0 0 4 50 .I • N , N ~AS 
IFCtAS.FO.NPA~) GO TO 455 
IFC~ATC.Il•T> (), n, 455 
N""'+1 
AP•AP+1 
APPC I) up 
TAPPCJJ.J):APP(!) 

4~1'1 CO'ITINUF 
1.~5 CC\~TINUF 

ASc:AS+AP 
IAS::AS 

46" Cn~TINUr 
DO 465 .-=6,21 

4~~ APPR(K):APP(K)/NDAS 



r. 

f'AXsAPI'C~) 

00 470 1•?',21 
JF(MAX.r.E.AI'P(J)) GO TO 470 
MAX:APPCI) 

4?'0 CO'ITINUF 
AMAX(JJl,.,_,AX 
WRJTEI2.7?0)CAPPCilr1•6r21) 
~kJTEC2.7Z5)CAPI'RIIlrt•6r21) 
WRITE(2,730) MAX 

C AIRCRAFT GRDliP 

r. 

DO 4?5 1"1, 5 
AG(JJ,Jl,AMMCJ)cFLOATCMMCI)l/FLOAT(NDAS) 

4?'5 CONT P.IUF 
WRJTEC2.7J5) 
WRITE(2.740) CMMIJ),!:1,5) 
WRITEI2,745) CAMM(!),ta1,5) 

r. FLIGHT TYPE 
DO 480 t•1 ,2 

c 

4R~ FTTCJJ,t), ANNNI!l•FLOATCNNNCJ))/FL0AT(NDAS) 
I.JR!Tfl2,750) 
WRJTEC2,755)CNNNIJ),!•1r2l 
~RJTEC2.7~0)CANNNCI)r1•1,2) 

C OCCIIPANr:V TIME 
DO 490 M•1 ,5 
DO 490 Nc1 ,2 

491i CC<•~,N):O. 
~ns15Mc1,5 

PO ~15 '!"1 ,2 
DO 505 1•1, NJ).o\S 
T=S.//,0_' 
DO ~00 .1•1 ,411 
IFCnT(M,N,I).FQ.O) GO TO 505 
IF(OT(M.N,J).T) O,o, 495 
OTPP(M,N,J)COTPP(M,~,J)+1 

OTTCM,Nl•OTTCMrN)+OT(M,Nrl) 
CC(M,N):CC(~.N)+1 

CCTCM,Nl=r:CTCMrNl+1 
GO TO 505 

49~ TcT+S./~0. 
SOn CO\STJNUF 
50~ CCJNTINUF 
51~ CONTINUF 

ioiP!iE(2.765) 
~· P I T E ( 2 , 7 ?' 0) ( C CC ( M , N ) , M= 1 , 5 ) , Ill" 1 , 2 ) 

s;n CONTPJLIF 
r. foooo00oP000o00.000000···-········································ 
r 
r. 
r. SIJMMARY, STORING OF DATA GEN~RATfD DURING THE PERIOD 
r. 
C AR~tVAL PATTFRN 

t.() ~n , .. ~.21 
IPRST(Il•~RSTCI>•PRSTC!•1) 

&PRO( I l =~p~q (I l•NOA~ 

95 



r. 

DO ~2~ JJ•1oTSET 
5~? XMNCJ)avMN(l)~TAPPCJJ,J) 

oo 525 1•!..21 
XM~Cil•XMN(Il/ISfT 
RELCI>•x~NCil/NDAS 
f) 0 ~ 2 5 .I J "'1 I T sET 

5,5 XSDCI)•YSD(Il+(TAPPCJJ,Il•XMN(I)l**2 
DC' ~311 11•6,21 
XSOCtl=~OPT(X~D(tl/tSETl 

530 CONTI~UF 
DO 535 JJ:1, TSE'T 

~35 XMN~:XMN5+AMAX(JJ) 
XMN~=XM~5/ISFT 
D Cl 54 0 .I J: 1 , f SET 

540 XS~~=XSn5+CAMAX(JJ)•XMN5l••2 
XSn5=SQ~TCXSn5/lSETl 

C ~IRCRAFT GROUP 
DO 545 1•1,5 

r. 

DO S45 .IJ:1r1SET 
545 XM~4(l):XMN4C!)+AGCJJ,t) 

DO 550 1o:1,5 
XMN4Cil:XM~4CTl/fSET 
00 550 .IJ:1, fSET 

550 XS04Cil:XSD4C!l+ CAG(JJ,Il•XMN4(J))**2 
DO 555 t=1,5 
XS04(1l:SORTCXSD4C!l/!SETl 

555 CnNTt~Ur 

r. fllt.HT TYPE 
or. ~60 ,., ,2 

r. 

OD ~60 .IJ:1r1SET 
560 X~~?Ctl:XMN2C!)+FTT(JJ,ll 

OCI Sf-5 !=1,2 
565 XM~?(Il~:XMN2CT)/!SET 

DC' 570 P•1,2 
CO S70 .IJ:1oT~ET 

570 XS~~(I):XSD2Cf)+CFTT(JJ,f)•XMN2(1)l**~ 
ro ~75 1=1.2 
XSO~Cil:SORTCXSD,Cil/ISETl 

5?5 t(•NT I NUF 

r. ~JRrRAFT PER GROUP ANn FLIGHT TYPE 
CP 580 f•=1, 5 
or, ~80 ~.,,. 2 

S~n CCTR(~,Nl=CCTCM,N)/(NOAS•ISET) 

r. 
r OCCIJPANrV T I M F. 
C ~VF.RAr.E~ 

DO 585 t-~=1,5 
nr, Sll5 ~=1. 2 
!FCrCT(M,~l.FQ,O,l GO TO 585 
0TTA(M,~):D1T(M,NI/CCTCM,N) 

~ P ~ C 0 ''TIN ll F 
r. CliH!iU.TTIIF PRO&ASI!ITV FUNCTIONS 

Cl• S87 ""1, 5 
~!"' S ~ 7 I 101 , 2 



r. 

5A7 ~TS~(M,N,1l=OTPPCM,N,1) 

~0 ~90 Ma1,~ 
!lO ~90 N&1,2 
DO 590 .1•2,411 

590 0TS~(M,N,Jl=OTSSCM,N,J•1)+0TPP(M,N 1 J) 
DD t;95 M•1,5 
0~ 595 N•1,2 
or, 595 .1•1,411 
IFCrCTCMdll.FO,O.l GO TO 595 
OTS~CM,N,J)=OTSSCM,N,J)/CCT(M,N) 

595 CDNT!I'UF 

r. DELAYS 
POI-l:Pfl•."60 

r. PER AIRCRAFT 
eo f>O" r•1, 5 
Tr!NsTMTN+XMI~(J) 

600 IIT=!IT+Jf(ll 
IFCIIT.FQ.O) GO TO 610 
.AADPA:TM!t.J/IIT 
T4:rTI"-CAA!lPAl 
or. 605 .1•1,s 
!FCII(J,.EQ.O) GO TO 605 
APPA(J):XM!NCJ)/IICJ) 
TTCJ)::TJMCADPA(J)) 

605 CO"'TINU~ 
610 CONTINUF 

r. PER DAY 
AAOA:FLOATCIJT)/FLOATCISET) 
AAOAR,AADA/NnAS 
DOilH.i=1,5 
AOACJ)•~LOATCJI(J))/FLOAT<ISET) 

ADARCJ)=ADA(Jl/NOA~ 
t'>15 COt.JTINUF' 

r. 
C STANO' RfOUIRFD 

D!'l f>2~ rc1 ,6 
PO ll20 JJ:1 "'ET 

t'>?O XMN1C!l:XMN1 (J)+SR(JJ ,J) 
N"~ ft'5 r•1,6 
X M"' 1 C T ) :X tl N 1 C I ) I I HT 
~o 625 JJ:1,!~FT 

11?5 XSI'l1C!l::X~01Crl+C~R(JJ,I)•XM1>11(I))•*2 
COs~QPTrFI OATCISFT>> 
~,., (,30 to:1,6 
XS01CI):SDPTCXSD1C!)/!SET) 
X!'l'l1 RC n :XSt>1 C J) /t.O 

(i~O COoJTHIUF 
r. .................................................................. . 
r. 

PLL iJRlTFR 

FliRPAT "14) 
FOq~AT(1H1,44X, 1 A P R 0 N S I MU L A T I 0 N I) 

FOR,AT(///13) 
Fo~~ATC/211•' AIPCR~FT AIRCRAFT FLIGHT STAND ARRIVAL DELAY 

1 OC~UPAuCv DFPARTURE t) 



70(1 FORMAT(;>2x,t ~UMREII GROUP TYPE '•11X,I TIME t,13Xr1 TIME t,4X 
1, 1 TIME I) 

710 F0RMAT(/8~X•' STANDS RfQUIREn 1,5!4) 
715 F0RMATC116Xtl4) 
7?0 FORMAT(' ARRIVALS PER HOUR •,16F6,0) 
725 F0RMATC19X,1~F6.2) 
730 FORMAT(11~XtF3,0/) 
735 FORMAT(//' FlEET MIXTURE 1 /) 

740 FORMAT(10X,5!5) 
745 FORMAT(11x,SF5,2l 
750 FORMAT(// 1 FLIGHT TYPF I) 

755 f0RMAT(12X,2T5) 
76ft F0RMAT(13X.2F5,2/) 
765 fORMAT(//' AIRCRAFT PFR GROUP AND FLIGHT TYPE 1/) 
770 f0RHAT(10X,5F5,0l 

STOP 
Ef\;[) 



SUA~OUTI~F RFADER 
COMMON/R00M1 I AT1, AT2, AT3, AT4, ATS, 'TT1, FTT2, ISUB, IUAG, NMr 

1 PD, EC9), NN(5), PRST(l1), XC21), XXC48), XV(9) 
C0MM0N/R00M3/ IS~T, NDAS, AA0T(5,2), P(S,2,48) 

r. DEPARTU~E PATTERN, CUMULATIVE PROB4BILJTY fUNCTION Cr.PF) 
REAnC1,~45)(XY(K),I(a5,9) 

REAn<1 ,1>45) (FCK> ,Ka5,9) 
C ARRIVAL PATTERN, CP~ 

REA0(1 ,,50) (X(K), Ka5,21l 
READ<1 ,,SOl (PRSTCKl, K•5,?.1) 

C UPPER A!Rf.RAFT GROUP IN THE MIXTURE A~D SUBROUTINE To BE USED 
READ(1 ,~;75) IUAG, !SUB . 

C AIRCRAFT (;R01Jp, CPF 
READC1 ,1;45) AT1, AT?., AT3, AT4r ATS 

r. fLIGHT TYPE' CPF 
RE4rd1 rli80) FTT1, FTT? 

C 'VERAGE OCCUPANCY TIMES• IN HOURS 
REArlC1 ,1.55l ( CAAOT(M,Nl ,N•1 r2l rM"'1 ,§) 

C OCCUPAN~V TIMEr CPD 
PEA0(1 ,,.;51'\) <XX(Il, 1=1 ,48) 
DO 10Cl MK1,5 
PO 100 t.~•1,2 

100 HAI'l(1 ,1;51'\l (p(M,N, J), !K1 ,48) 
C "-~XJp.IIIM PERf'.TSSIRLE DflAY PER AIRCRAFT, IN HOURS 

READ(1 ,,r,6(1l P~ 

C STAND AllOCATION 
REAI)(1,,<,65l Ct,rN(!), 1=1r5l 

r. NUM~EP OF ARP!VALS PER DAY TO BE SIMULATED 
REAfl(1 ,1;70) NDAS 

C ~UMqER ~F EARLY MORNING OEPARTURES 
~~•NINTCNDAS•ft,14l 

r ~lJM~ER nF DAYS TO BF SIMULATED 
I<EAnC1 ,~;70) !SET 
FE T I i ~ tJ 

645 FORMATC5FO.Ol 
6~1\ FORIIAT<13F0, 0) 
A5~ FOR~AT(10F0,0) 
A60 FOR~AT(F0.0)· 
A6~ FOR~AT(5!4) 

A71\ FOH1AT<T4l 
675 F0RMATC~I4l 
6AI\ FORMAT(,FO.Ol 

fNn 
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SURROUTtNF T~cS,SnT,C,N1,N2,L) 
DIMFNS!nN SC1,5), ~~TC25) 
TIMCX)~IFIX(X)+(X-IFIX(X))•60,/100, 
J•L 
DO 100 k'•N1.Ni' 
SCJ>•SDT(K) 
T"TtM<SoTCK)l 
WR!TEC2.705) c,J,T 
J=J+1 

10tl COt.!TINUF 
RETURN 

7n5 F0RHAT(~4~.F2.0,12X,J4o35X,f5,2) 
E~D 

lOO 



SUBROUTTNF STANDSNOTSHARED(J,NN,KK,SAT,S,~,MIN,PD,$0T,XMIN,ATY•FT, 
1 11) 

REAl 'HN 
OIMFNSJnN ATVC140), DC125), FTC140)• 11(5), KK(5), .NNC5), 5(125), 

1SATC140\, S0TC140), XMJNC5) 
TIHCX)•TFIX(X)+(X~IF!XCXl)*60,/100, 
JK•ATV(T) 
PO 100 ,!cNNCJK),KKCJK) 
IFC~AT(Tl.GT.S(J)) GO TO 130 

100 CONTPIUF 
OD 110 J•NN(JK),KKCJK) 
OCJ>•S(.I)-SATCI) 

110 CONTIIIIUF 
MIN:!)(NNCJK)l 
Ks:N~: C J K l 
DD 120 .tcNN(JK),KKCJKl 
IFCNJN,tE.D(J)) GO TO 120 
MIN=DCJ\ 
K = .J 

1 ?0 CONTINUF 
IFCM!N.r.T.PD\ GO TO 140 
SCKl:SATC!l+M!N+SOT(J) 
TT•ATVC T) 
ll:fTCI) 
ThTIIHsATCil l 
BfiHI=TIMCD(Kl) 
X~IN(JKl•XMINCJK)+MIN 

IIC.!K)•TICJKI+1 
T2=TI"(S0T(Jl) 
T3o:TJM(S(K)) 
WRITEC2.1S0l I• TT, U, K, T1, BM!N, T2, T3 
RFTIIP~I 

1~0 SCJ\:SAT(T)+SOT(I) 
k=J 
TreATY( l) 
LJ:p(l) 

T 1 c Till ( ~ AT C I l ) 
T2=T!" ( <;OT C tl l 
T3:T Jll{ ~ C ,I)) 
~R!TFC2,1601 I• TT, U, K, T1, T2, T3 
FE T I! R ~~ 

14n KK(.IKl=rKcJKl+1 
S((K(JK\):SATCI)+SOT(I) 
r.:K((JK\ 
Tl:ATV( !l 
l'•FT (I) 
11•TPH~ATC!ll 

T2cTP!C~OTC I l I 
T3cTJtt(~(KKCJK))) 

ll~tTF:<2.1f>O) I• TT, U, 1\, T1, T2, T3 
~ ETIIR" 

1~n FCIR~ATC,3x,I4,7X,F?.0,7X,F2,0,3X,J4•6X,F5,2,5X,F4,2,4X,F5,2,6X,F5, , () 
11'>~ FORMAT(?3X,l4,7X,F2,0,7X,F2,0,3X,!4•6X,F5,2,14X,F4,2,6X,F5,2) 

f ~, D 
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SliBROIIT!~F STANDSPARTJALLYSHARED(J,NN,KKrSATrSrOrMJN,PDoSOTrXMJNrA 
1TY,n,ltrllll<tl) 

11E.H ~ltJ . 
~IMFNSION ATVC140), DC125lr FTC140)r !J(5), KK(5), NNC5)r S(125)r 

1SATC1401, SUTC140l, XM!N(5) 
TIMCX)&!FJX(X)+(X•JFIX(Xll•60,/100, 
JKUTY(I) 
OD 100 J•NNCJK),KKCJK) 
IFC~AT(I).GT.~(J)) GO TO 140 

100 CONTJNUF 
JF(JK.E(),JUAGl GO TO 110 
J K :.1 K+ 1 
GO TO 170 

11~ CONTJNUr. 
PO 120 .t•NNCJK),KKCJK) 
DCJI•SC.Il•SATCJ) 

1?0 (01JTJNUF 
~JN:DOINCJK)) 
t~:"J~CJKI 

DO 130 J~:~N(JK)oKKCJKl 
IFC~IN.tE.O(J)) GO TO 130 
MIN:OCJI 
K•.l 

130 CMJTt!oiUF 
IFC~J~.r.T.PDI GO TO 150 
SCKl:SATC!)+MJN+SOTCil 
TT: ATV( I) 

U:FT(J) 
T1•TIJo'C~ATCl I l 
B''IN=TIPCI'l(l(\ l 
~MTNCJKl•XMINCJK)+MIN 
I I C .I K,l & 1 I C J K l + 1 
T?=T!"l(~OTC Ill 
T3=TI~C~ CK)) 
WRtTEC2.2~0) To TT, U, K,· T1, BMJN, TZr T3 
F FT 11 R f! 

140 SIJI•~A~C!l+snTC!l 
~=.1 
TTuTY(T) 
li=FT(!) 
ThT!M(~AT (!) l 
T2c:TTM(~OT( J)) 

T3:TH!(~(J)) 

I-IRI't'EC2.240) y, TT, U, K, T1, T2r T3 
~ FTtiRN 

1Sn fC'>IITHiUI' 
IFCJK.En.JUAGl GO TO 160 
JK:.IK+1 
Gn TO 10IJ 

1An ~~(.IK)•~KCJ~l+1 

S<K~(.IK\l=~ATCI)+~Ol(J) 

~=Kk (Hl 
H::ATV(T) 

I!= rn !l 
11='f!I'(~AT(Ill 
T?:i!II(~OT( Ill 
T]:Tt~(~(KK(JK))) 

10? 



lo'R!TEC2.240) Tr TT, U, K, Th T2, T3 
RETI!RI>J 

170 CO~T!t.JU~ 

DO 180 .t•~N(JK),KKCJK> 
IFC~AT(I).GT.~(J)) GO TO 140 

1110 CONTINUF 
J h.JK-1 
GO TO 110 

190 CONT!IJUF 
PO 200 .I•~N(JK),KKCJK) 
D ( J ) o: S C.t ) • SAT C J) 

;101\ CONTI~UF 
I~JN:OCNNCJK)) 

K=~'JC JK> 
no 210 .lcNN(JK),KKCJK) 
IFCt-'IN,tF.D{J)) GO TO 210 
~!NcOCJl . 
~=J 

?1 () CONT I ~'UF 
IFC~IN,RT.P"> GO TO 220 
SCKl:SAT(J)+~!N+SOTC!l 

TT:ATV{t) 
U:FT C!) 
T1•TIM(~AT(I)) 

B~qN:TIM(Il(K)) 

XM!NCJK·1>•XMTNCJK•1)+MIN 
ITCJK•1l•IT(JK•1)+1 
T2aTI1A(SCIT( I l) 
T3aTIM(S (K)) 

liR!TEC2.?.30) I• TT, U, K, T1, 8MIN, T2, T3 
PniiRIJ 

7:'0 CO~lT' OJUF 
JK:IK•1 
GO TO HO 

230 F0RMATC?31olL,7X~F2.0,7X~F2,0o3X,I4•6X,F5.2,5XrF4,2,4X,F5,2,6X,F5, 
1 2) 

?40 F0RMATC?3X,I4.7X,f2,0,7XoF2,0,3X,I4•6X,F5,2,14X,F4,2,6X,F5.2> 
f ~. ~ 
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SUBPOIITTNF WRITER 
COMti0~/~00M2/ AADA, AAOAR, AAT1, AAT2, AAT3• AAT4, AATS, FFTT1 1 FF 

1TT2, PDH1 T4. XMNS, XSDS1 ADACSl1 ADARCS), APRSTC21ll BPRSTC20• 
2RELC21), TTC5), XMN(21)r XMN1(6), XMN2(2)1 XMN4(5), XSDC21), XSD1C 
36>~ XSD1RC6), XSD2C2), XSD4(5), CCTC5,2)~ CCTR(S,z>~ OTTAC5,2), 
40Ts~c5.:>~4s> 
COt~!ION/RDnM3/ ISET, NDAS1 AA0TC5,2>r P(5,2,48l 
IIRITEC2,7?'5) 

.WRITEC2.7A0) !SET 
IIR!TEC2.7A5) NDA~ 
IIRITEC2.800) CXMN4Cilol=1,5) 
\.: R IT F C 2, 8 n 5 l C X M N 2 ( I ) , I •1 , 2) 
WRITEC2.810) XMN5 
WRtTEC2,815) XSD5 
11 R I TE ( 2 , 8 :> 0) C X M N 1 C I ) , I a1 , 6 ) 
W PIT E C 2 , 8 2 5) C X S D 1 C t) , I a1 , 6) 
IIRTTEC2.8:>5)CXSD1R(I)II=1~6) 
WRITEC2,830) 
\oiRITE(2,835) 
WRlTEC2.840) 
~RITEC2.865)CAPRST(K)IK=6~21). 
WRTTEC2.850)CRPRSTCKl,K•6,21> 
~RJTEC2.855)CRELCil,l•6r21l 
WRITEC2,860lCXMNCill1•6•21) 
WRITEC2.725)CXSDC!l,l•6~21) 
WRITEC2.865) XMNS1 XSD5 
io:RTTEC2,735) 
WRITFC2,745) AAT1, AAT2r AAT3, AAT4• AATS 
IIRITEC2,745) CXMN4CJ),I•1,5) 
WRITEC2.745) CXSD4CI)II=1~5> 
~'PITEC2.750) 
\.iRJTFC2.8?0lFFTT1, FFTT2 
\oiRITEC2.870lrxMN2Cill!•1~2) 
i.R!TEC2.8?0)CXS02Ct>IJa1,2) 
loiR!TEC2.7A5l 
b' I< IT E ( 2 • 117 5) ( (cc T (M. N) I M =1 , 5) I N = 1 I 2) 
\.i R ! TE ( 2 • 7 4 5) ( (cc T R (I< I ") I M= 1 I 5) , N .. , I 2) 
~'P ITE ( 2 ,lll\0) 
WR!TE(2,81l5l 
WR!TEC2.?45lCIAAOT(M,N),M:1,5),N:1,2) 
WR!TEC2,745)CC0TTACMI~),Mc115),Na1,2) 
~;RJTEC2,8Q0) 
DIJ 11411 t•c1, 5 
[lQ /,4(') t.:=1 12 
loiRTTEC2.675l 1-!1~ 
WR!TEC2.1l95)Cp(M,N,J),J•1,48) 
~'RITF.C2.895l C(')TS~CM,N,J) ,Ja1,48l 

~~0 CO "iT! ~IUF 
~·RTHC2.9fl0l 
1o;p !TF r2 ,905) 
I.';;TTEC2.910l 
w~rrrc?.915> PD~ 
WATTEC2.9,0) CTTCJ),!:115lr T4 
~RITFC2.9,5) CADA(I)I!a1,5)1 AADA 
~RITEC2.9~0i CAOARC!l,l=1 ,5), AADAR 
R ~TIIR~· 

6?5 FU~~ATC,I4l 

lOif 



7?5 FOR~ATC19X,1AF6.~l 
735 FORwAT(//' FLFET M!~ 1/) 
745 F0QtiAT(11X,5F~.2l 
'750 FO!!fiAT(/1-/1 FliGHT TYPE 1/) 
76~ FORYAT(///1 AIRCRAFT PER GROUP AND FLIGHT TYPE 1/) 
77r:, f0RMATC1H1 ,111(/) o44Xo' A r> R 0 N S I M U L A T I 0 N I) 
711~ fORt•AT(/////1 NUMBER OF DAYS SIMULATED '•10X,14/) 
7115 FOq:~AT(' AIRr.RAFT PER DAY I ,1SX, 14/) 
1100 FORMAT(• FLEFT MIX '•4X•5F5.2/) 
1105 FORMAT(• FLIGHT TYPE •,4X,2F5.2/////) 
111(1 f0RHAT(~8x, 1 MAXIMUM NUMBER OF ARRIVALS PER HOUR I,F5.1) 
1115 F0RMAT(75X,F5.2/l 
1120 f0RMATCAOX, 1 ~TANDS REQUIRED 1,5F6,1,5X,F6.1) 
1125 FORMATC78x,5F6,2,5X,F6.2) 
1130 F0RMATC1H1,'7C/),1 DATA GENERATION CHECK lf/1//) 
11~5 FORHAT(t ARRIVAL PATTFRN '/) 
840 FORMAT(• ARRIVALS/TIME 5•6 6•1 7•8 8•9 9•10 10•11 11 

1•12 12-13 13~14 14·15 15~16 16~17 17•18 18~19 19-20 20•21 1/) 
1145 FORMAT(• OBSFRVED I o9Xo16F6.2) 
1150 F0RMATC1Ax,1AF6.0l 
1155 FORMAT(/' GENFRATED ',8X,16F6.2l 
1160 FORMATC19X,1AF6.1l 
1165 FORMATC104XoF5.1,F6.2l 
87(1 FO!!HATC13x,2F5.2l 
B75 F0RMATC11X,5F6.0l 
8RO fORrlAT (I /I I OCCUPANCY TI~E '/) 
1185 FORMAT(' AVE~AGES I) 

890 FOR,.ATC• CliMilLAT!VF PROBA~IUTY FUNCTIONS 1) 
~95 FO~MATC,4F5.?l 
900 FORI1AT(I//' TlFlAVS 1/) 
905 FO!!MATC 1 OELAYS/A!RCRAFT GROUP 1 2 3 4 5 

1 Al.l I) 

910 FO~HAT(• PER AIRCRAFT I) 
915 FOQ~ATC~X, 1 MAXIMlJM 1,59X,f5.2) 
9?0 FO~~ATC~X,I AVERAGE 1,10X,5F7.2•12XoF7,2) 
9?5 FOQi~AT(I' PER DAY 1,15Xo5F7,1o11X,f'7,D 
930 F0Ri1AT04x,5F7.2,12X,F7.2l 

F. ~~ D 

105 



r. 
r. 
r. 

' c 
C' 
c 

143 

155 
11>0 

r. 
c 

r. 

165 
, 7t) 

MASTER APRON~!MULAT!ON 
REH Ml~. MAX 
DIMF~StrlN ADPA(S), AMAXC25), AMMCS), ANNNC2), APPC21), APPR(21), A 

1TVC140) 1 oc175), FTC140l, tiCS), MM(5), NNNC2) 1 NSR(5) 1 5(125) 1 SA 
2TC140), SDT(2~), ~OTC140), SRC25), W0RI(1(4), WORK2(4), XMINCS), A 
3(4,40), AAC40,4l, AG(25,5), CCC5,2), FTTC25,2), 0TTC5 1 2), TAPP(2 
45,21), 0TC5,2,140), OTPP(5,?•48) 
COM~10N/f(OOM1/ AT1, AT2, AT], AT4, ATS, FTT1• FTT2, NM, PP, E(9), P 

1RSTC21) 1 XC21), XXC48), XV(9) 
COM~ON/qOOM~/ AADA, AADAR, AAT1, AAT2, AAT3• AAT4, AATS, FFTT1, FF 

1TT2, PP••• T4. XMN1, XMNS, XSil1, XSD1R, XSDS• ADAC5), ADAR(S), APR 
2STC~1>, BPRSTC21), RELC21), TT(5), XMN(21), XMN2(2), XMN4(5), XSDC 
321> 1 XS~2C2l 1 XSD4C5), CCT(5,2), CCTR(5,2), OTTACS•?), 0TSSCS,2, 
448) ' 

COMMON/a00M3/ !SET, NDAS, AA0TC5,2), P(5,2,48) 
TIMCX)=1FIX(X)+(X•IFJX(X))*60./100, 
CALL G6~CCF 
CALL RE~Dfll 
PD ~85 ,JJ=1·1~ET 

·····················-············································ 

--OEPARTUr;F. TIME 
DO 160 L=1 .N~ 
R=G;!SCAJ'ClO 
IFC~.FQ,O.) GO TO 143 
DO 145 1':5,8 
lf(R.EO,EC!)lGO TO 150 
lF(R.GT,E(t).AND.R.LT.E(l+1l)G0 TO 155 
CO~!TI NU E. 
SDTC Ll=XVC J) 
GO TO 161J 
SDTILl=XVCti+(CR•E(J))*(XV(I+1)•XV(I))/(ECJ+1)•E(t))) 
CO~TINU~ 

ARRIVAL TJME 
DO 1110 L=1, i~OAS 
R=Gi!SCAF(X) 
IF(R.EQ.O.) GO TO 1b3 
Do 165 r=s.zn 
lf(R.EQ,DRST<I)) G() TO 170 
JFC~.GT,PQSTC!l,AND.R.LT,PRST(J+1))' GO TO 175 
COIIJTINU~ 
SAHL>=x<T) 
GO TO 1 M! 
SAT<L>=X(J)+ICR·PR~TC!l>•CXCt+1)•X(I))/(PRSTCt+1)•PRST(t))) 
CO 'IT I NtH: 

C AI RcQAFT GRO"P 
DO 1115 I=1,5 
MM(l) :0 

1115 CO 'IT I NU~ 
00 ?10 L=LilnAS 
R=GYl'5CA,:.Clll 
IFC-.GE,ATS> GO Tn 190 
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r. 

IFC~.GE.AT4) GO TO 195 
IFCR.GE,AT3) GO TO 200 
IFC~.GE.AT2l GO TO 205 
ATVCL):1 
,..M(1):MnC1)+1 
GO TO 210 

19(1 ATV<Ll•S 
MM(5):MfH5)+1 
GO TO 210 

195 ATV(L):4 
MMC4l=Mt-~(4)+1 
GO TO 210 

200 ATVCL):1 
M''·C3>=MrH3l+1 
GO TO 210 

205 ATV r L) :;~ 
MM (?)=.M I• ( ;:>) +1 

210 CO"JTINUF 

r. FLIGHT TVPE 
DO 215 !=1,2 

r. 

215 NNN(l):ll 
DO 225 L=1, Nil AS 
R=G05CAFCX) 
IFCR.GE.FTT2l GO TO 220 
FTCI.l=1 
N~NC1):~JNII(1l+1 

GO TO 2?5 
?20 FTCU=2 

NNNC2l•NN~JC2>+1 
225 CO~JTINUF 

C OCCliP~Nr.V TIME 
DO 230 ~~=1,5 
DO 230 N::1 ,2 
DO 230 L=1.NilAS 

210 OT(M,N,Ll=O. 
llO 250 L=1 "'"'AS 

237 R::r.oscA~<x> 
IFCR.EC.O,l r,o TO 232 
M=4TVCLl 
N=~T(ll 

DO 2.35 t:=1,47 
IFCR.EQ P(M,~.I)) GO TO 2'5 
IFCR.GT !'O~.~J,!).AND,R.LT.P(M,N,I+1)) GO TO 240 

;l~S CO'lTINUE 
240 SOTCLl::xXC!l+((R•P(M,N,Jll•CXXCI+1l•XX(!l)/(P(M,N,J+1)•P(M,N,Il)) 

0T(M,N,Ll=S0T(L) 

r. 

GO TO 2S0 
?45 SOTCLl=X~(J) 

0 T ( tl , N , L) = S UT ( L) 

?5~ CO>.JTINUe. 

r. DATA SORTING ACCORniNG TO ARRIVAL TIMES · 
DO 255 1-1=1, NTlAS 
AC1 dll=~ATP/l 
A C ? , •l) = 1\ T V r N l 
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?.55 
A<J,PO:;:T(I.I) 
AC4,Nl,.~flTCNl 

ICOL:1 
!FA! L:O 
DO ?60 t=1• NDAS 
DO 260 J"'1,4 
AACJ,J):ACJdl 
CALL Mli1AFF(AA,NDAS.4,!COL,WORK1 ,WORK2, I FAIL) 
DO ?65 K=1,NnAS 
SATCKl=AACKr1) 
ATVCI():oAA(K,?.l 
FT Cl() •AACKr 3l 
SOTCK)•AA<Kr4l 7f>5 

c t o " • o • " • o • • o • " o • • " " • " • t t • " t o t t • o t • t t t t t t o • o t t t t t t t t t t t lt t t t t t t t t t I t 

e 
c 
e 
c 

c 

APRON SIMULATION 

WR!TEC2.540) 
WRTTEC2.545) JJ 
AAT1:AT1 
AAT;>=AT\•AT2 
AAT~:AT4•AT3 
AAT4=AT~·AT4 
AAT~=C1.00•AT5)+,01 
FFTThFTT1 
FFTT?.=C1.00•FTT2>+.01 
WR!TEC2.550) 
WR!TEC2.555l 

C. DEPAATU~ES 
KK:N'-1 

r. 

p 0 ~ 7 0 ,I: 1 , K I( 
SCJl::SDT(Jl 
T:TJM(SnTCJ)l 
WR!TEC2.5f>O) J, T 

770 COtJT I NU~ 

C ARDJVALS AND DEPARTURES 
OD 305 J:1,NDAS 
JK:ATY(il 
DO ?75 J;:1,KK 
IFC~AT(I).GT.S(J)) GO TO ?95 

::>75 CONT!NUJ' 
DO ?RO J :1, KK 

?.Rn D(J):$(J)·5ATC!) 
MPJ:0(1l 
K=1 
DO 785 ;:;>,~K 

IF<"!IN.LF.D(J)) GO TO 285 
tlliJ:Il(J) 
K=J 

?RS CO>JT I ~>ill!" 
IFC!(.fQ 1) Gri TO ?90 
!FIMIN.~T.P~l GO TO 300 
SCKl=SA·. (T)•MTN+SOTC!l 
T=ATV( I, 
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U=FT(!) 
T1::T!M (~AT ( J)) 

BMIN=TJH(fl(K)) 
XHTN(JKl=XMlN(JK)+MJN 
liC.IKl=l!CJK)+1 
T2:TIM(~0TCI >) 

T3:TIM(~(K)) 

WRITEC2.565) r, T. U, K, T1, BMIN, T2, T3 
GO TO 305 

290 CONT!NU~ 
IFCMIN.~T.PD) GO TO 300 
SC1l=SATC!)+MIN+SOTCj) 
T=HV{!\ 
U:FT(I) 
T1=TIMC<;AT(I)) 
AMIN=TI"1([)(1)) 
XM!N(JK>=XMI~(JK)+M!N 

IICJK>=TICJK>+1 
T2:TJM(S0T(!)) 
T3:TlM(<;(1)) 
\oiRJTF.C2.565l l• T, U, K, T1, AM!N, T2, T3 
GO TO 3!l5 

295 S(J):~AT(J)+SOT(Il 

K=J 
T:.nvcn 
U=FT(I) 
T1:T !MC SAT( I l) 
T2=T!M(~OTC I)) 

T3=TIMCSCJ)) 
IIRITEC2.570) I• T, U, K, T1, T2, T3 
GO TO 31)5 

30C• KK=KK+1 
SCK~>=S4TCI)+~0T(!) 
T:ATV(Il 
U=FTC!) 
T1=TIM(<;AT( l)) 
T2:TPHVlTil)) 
T3:T!M(~ ( KK>) 
WRITF.C2.570) J, T, U, KK, T1• T2, T3 

305 CO'IT!NUE 
WR!TEC2.575) KK 
S~C.JJ)o:KK 

r. ·······-··········"··············································· r. 
r. 
r. STO~!NG. 0~ A DAILY RASIS, OF DATA GENERATED 
r. 
C ARRIVAL PATTFRN 

T :5. 
AS=O. 
IA<;:A<; 
DO :110 1:(,,21 

~10 A~Pil):it, 

no '~s t=f',21 
T:T+1. 
AP:O, 
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c 

DO 315 J•N,NilAS 
IF(TAS.FO.NPAS) GO TO 320 
IFCSAT(J)•Tl O, 0, 320 
N=N+1 
AP=AP+1 
APPCI)=AP 
TA~P(JJ.T)~APP(l) 

315 CONTINUF 
3i'O CO"JTINUF 

AS=AS+Ai> 
IAS=A~ 

3?5 CO"JTINUF 
DO 330 K•f>,21 

330 APPR(K):APP(K)/NDAS 
MAX=APP16) 
DO ~35 1~7,21 
IFCMAX.~~.APPCI)) GO TO 335 
MAX=APPCI) 

335 CO'ITINLI" 
AMAX(JJ\=MAX 
WR!TEC2.580)1APPC!l,I=6r21) 
W~!TFC2.585)CAPPRCJ),J=6r21) 
I<IRITE(2.590) "lAX 

C AI HRAF1 GROIIP 

r. 

DO 340 t=1.5 
AGCJJ,!i,AMMII)=FLOATCMMCI))/FLOAT(NDAS) 

34(• CONTINUF 
WRIT~C2.595l 
WR!TEC2.600) CMM(y),!::1,5) 
W~!TEC2,605J CAMMCJJ ,y:1,5) 

C FLIGHT TVPE 
PO 345 1=1,2 

c 

345 FTTIJJ,tl.ANNN(Il=FLOATCNNNCJ))/FLOATCNDAS) 
WR!TEC2.610) 
W~ITEC2.615) CNNNI!),J:1,2) 
WRITEC2.6?0l CANNN(I),J:1,2l 

C OCC•IPAJJrV T ll•E 
DO 355 ~H•1, 5 
DO 355 N=1,?. 

355 CCU!,NbO. 
DO 380 11=1, 5 
on 3110 ''",. 2 
DO 'HO 1=1,~HtAS 

T=5./60 
DO 365 .1=1,4-'1 
IFCOT(M.N,IJ.EO.O) GO TO 370 
IFIOT(M.~.!)•T) 0,0, 360 
0TPP(M,N,J):OyPPCM,~,J)+1 

0TT(M,NI•OT1CM•Nl+OT(M,N,J) 
C~IN,Nl:CC(M,Nl+1 

CCTCM,NI=CCTIM,~)+1 

GO rn 37n 
~60 T=T+S./60. 
~f>S COtJTINCI~ 
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no 
38(j 

Jll5 
r. 
r. 
r. 
r. 
r. 
c 

c 
r. 

390 

395 

400 

405 

41 n 

415 

4;1~ 

c 
c 

43S 

44~ 

r. 
r. 

CONTINUE 
CON TT NU E. 
11RtTE(2,6;15l 
WR!TE12.630l C ICCCM,Nl ,M=1 ,5) ,Na1,2) 
COtJT! NU£ . .. .. . . . . . . . . .......................................................... . 

SUMMARY. ~TORI~G OF DATA GENERATED DURING THE PERIOD 

A~R!VAL PATTFRN 
DO 390 1=6,21 
APRST(Il:PRSTCI)•PRSTCI•1) 
BPRST(ll=APRST(t)•NDA~ 
DO ~90 .tJ=1• I!>ET 
XMNC!l=XMN(I)+TAPPCJJ,!) 
DO '95 !"'6• 21 
XMNCil•XMNCil/IS<T 
R~LCil=xMNCil/NDAS 
DO ~95 ..LJ=1 .rsET 
XS~CI)•XSD(Il+(TAPP<JJ,Il•XMN(lll••2 
DO 400 J=6,21 
XSDCt):sQRT(XSD(tl/ISETl 
CONTI!IUF 
DO 405 .IJ:1, I!>ET 
XMNS=XMN5+AMAX(JJ) 
XMN 5=XM': 5/ IS FT 
DO 410 .IJ:1 tTSET 
XS05=XSn5+(AMAX(JJ)•XMN5l••2 
XS05:SQ~TCXS05/ISETl 

AIRCRAFT (;QOIIP 
DO 415 1=1,5 
DD 415 JJ:1 ti~ET 
XMN4(!):XMN4C!)+AG(JJ,Il 
DO 420 !=1,5 
XMN4(l):XMN4(!)/!S~T 
DO 420 JJ=1,1SET 
XSD4CJ):XSD4CJ)+ CAG(JJ,!l•XMN4(!))**2 
oo 425 r=1.5 
XSI'l4C I l :SORl CXSD4CI ll !SET) 
CO>iTINLI;:: 

FL!C.HT TYPF. 
00 430 1=1.2 
DO 430 JJ:1,TSET 
XMN?(Il:XMN2CJ)+FTT(JJ,I) 
00 435 t=1.2 
X~N?(I):XMN2C!)/ISFT 
DO 440 I=1.2 
OU 440 JJ=1·1~FT 
X5n?C!l:XSD2C!l+IFTT(JJ,J)•XMN21!>)**2 
004451=1.2 
XSO?(Il:Soq1 CXSD?fi)/JSET) 
CO'JTINIJr 

AI RCRHT PFR GROIJP ANfl FLIGHT TYPE 
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DO 450 M=1,5 
Do 450 ~=1.2 

45n CCTRCM,N):CCT(M,N)/(NDAS+ISET) 
c 
r. OCCIIPANr,V TIME 
C AVERAGE~ 

OD 455 M=1,5 
DO 455 1·•=1, 2 
IF<CCTCM.Nl.FO.O,) GO TO 455 
OTTA(M,N):OTT(M,N)/CCT(M,N) 

455 COt;TINUF 
r. CUMIILATJVF. PROBABILITV FUNCTIONS 

00 4511 M:r1,!'> 
DO 458 N=1,2 

458 0TS~(M,~,1)=0TPPCM,N,1) 
Du 460 ,,,.,, 5 
D0460N=1,2 
DO 460 ,1=2,411 
uTSSIM.~,J>=DTSSCM.~.J•1)+0TPP(M,N,J) 

460 CONT!'NU• 
DO 465 11=1, 5 
DO 4.65 ~=1, 2 
D0465.t=1.4A 
IFCCCT(M,N).FQ,O,) GO TO 465 
OTSR(M,N,J):OTSS(M,N,J)/CCTCM•N) 

465 COt;TINUF 
r. 
r. DELAVS 

POfl:PO• 60 
C PER AIRCRAFT 

DO 4?0 p:1, 5 
TM[N:TMIN+XMTN(!) 

47G I!T:IIT+ll(fl 
IFC!lT,£q,~) GO TO 480 
AADPA=TIHNII TT 
T4:TIMC4ADPAl 
P0475J=1.5 
IFITI(J>.FO.OI GO TO 475 
ADPA(J):XMIN(J)/Jl(J) 
TT(.Il:TIMCADPA(J)l 

47S CONTINUe 
411'• CO~IT l ~U;: 

r. PER OAV 
AAOA=FLtlATCilT)/FLOATCISET) 

r. 

A A 0 A q: A AD 11/ il ll AS 
Du 485 1=1,!> 
AnA(J):FLOAl(J!(J))/FLOAT(JSFT) 
ADAQ(J):ADA(.I)/NOAS 

4P.5 COIH l "'UF 

C ST .A~OS ~E()II! RED 
DP 1,90 .IJ:1 .rsET 

49'• Xt-~~;1 =XM• 1+SR I .J J) 
X~·'/1 ::XM•,1/ I Sf.T 
00 495 .1.1:1, !SET 

6Q5 XS~1=XS~1+(SQ(JJ)•X~N1)*•? 

CO=S!lRl !FI OATC ISJ;T)) 
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XSD1:SQ~TCXSn1/ISfT) 
XS01 R•X~D1 /CD 

c 
r. 

...... -............................................................. . 
CALL WRJTFR 

FORMAT(?I4) 
FORMATC1H1,45X, ' A PR 0 N 
FORMU(/1/13> 

S I M U L A T I 0 N 1///) 

c 
502 
54 0 
545 
550 FO~MAT(?1X, 1 AIRCRAFT AIRCRAFT 

10CCttPANr.V DEPARTURF. 1 ) 

FLIGHT STAND ARRIVAL DELAY 

555 FOAMAT(?2X, 1 NUMBER GROUP TYPE 1 ,11X,t TIME •,13Xr' TIME t,4X 
1r 1 TIME'> 

56n FORIIATC&8X,I4,35X,F5.2) 
565 FO~t~ATC?3X,l4,7X,F2.0,7X.F2.0,3X,J4•6X,F5,2,5X,F4,2r4X,F5,2;6XrFS. 

, 2) 

57n F0RMATC73X,I4,7X;F2.0,7X.F2,0,3X,!4t6X,F5.2r14X,F4,2,6XtF5,2) 
575 fOqMATC/80X,• STANDS REQUIRED 1 t514) 
5BO FORMAT(• ARATVALS PER HOUH •,16F6,0) 
SB~ FO~MATC19X,16F6.2) 
590 FORMAT(115X.F3,0/) 
595 FORMATC// 1 FLFET MIX 1 /) 

600 FORMAT(10X,5!5) 
605 FOR~ATC11X,5F5,2) 
61~ FORMAT(///' FLIGHT TYPE 1 /) 

615 F0RMATC12X,2T5l . 
67.o FO<MATC13X,2F5,2/l 
6?; FORMAT(///' AIRCRAFT PER GROUP AND FLIGHT TYPE 1/) 
630 FO~~ATC~F5.0l 

STOP 
E IJ n 
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SUB~OUTT~F RFADER 
COM"10N/~00"'1 I AT1 1 AT?., AT3, AT41 ATS, FTT1 1 FTT2, NM, PD, E(9), P 

1RSTC21), XC21ll XXC48), XY(9) 
COMMON/~00M3/ !SET, NOAS, AA0T(5,2l, P(5,2 148) 
DEPARTU~E PATTERN, CUMULATIVE PROBABILITY FUNCTION (CPFl 
REA0(1,~05)(XY(KlrK:5,9> 

REAnC1,~0Sl<FCK),K•5r9l 
C ARRIVAL PATTERN, CPF 

REAnC1,~10l(XCKl; K:5,21) 
REAnC1,~10)(PRSTCK), K=5,21) 

C AIRCRAFT GROttp, CPF 
REAnC1.505) AT1, AT2, AT3, AT4r AT5 

C FLIG~T TYPE, CPF 
REAnC1, 530) FTT1, FTT2 

C AVERAGE OCCUPANCY TIMESr IN HOURS 
REAn(1,~15)((AA0T(M,N),Na1,2)rM=1,5) 

C OCCIJPANr.V TIME, CPF 
REA0(1,510l(XX(!),I:1,48) 
DO 100 ~1=1,5 
DO 100 '<"1 ,2 

100 REAn<1,510>CPCM,N,J),J•1,48) 
C MAXIMUM PERMISSIBLE DELAY PER AIRCRAFT, IN HOURS 

REA0(1,521)) PO 
r. NUMRER OF ARRIVALS PER DAY TO BE S!MILATEO 

REAOC1, 525) N!lAS 
r. NUMRER oF EARLY MORNING DEPARTURES 

~MaN!NTCNnAS•0,14) 

C ~UMRER OF DAYS TO BE SIMULATED 
REAnC1 r525l !HT 
RETURN 

505 F0RMAT(5F~.0) 
510 FOqMATC13F0,0) 
515 F0RMAT(10FO,Ol 
52n F0RHAT(~0.0) 
525 FQqMAT(T4) 
53~ FO~MATC2F0.0) 

ENO 
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SUBQOUT!NE WRITER 
CDM~ON/QOOM2/ AADA, AADA~, AAT11 AATZ, AAT3o AAT4, AATS1 FFTT1, FF 

1TT2. PDM· T4, XMN1, XMNS, XSD1r XSD1R, XSOS1 ADACS), ADARCS), APR 
2STC?1), BPRSTC21), RELC21), TT(5), XMNC21), XMN2(2), XMN4C5l 1 XSDC 
321), XS~2c2), XSD4(5), CCTC5r2), CCTRCS12)1 OTTAC5r2)1 OTSSC5o2r 
448) 

COMMON/POOM3/ JSET, NDASo AA0T(5,2)1 PC5,2148) 
WR!TEC2,635) 
WR!TEC2.640) !SET 
WR!TEC2.645) NDAS 
loiRITEC2,650) CXM1114(1),Ja1,5) 
WRITEC2.655)CXMN2Cl)II•1,2) 
WR1TEC2.660) XMNS 
WR!TE(2.665) XSDS 
loiRITEC2.670) XMN1 
WRITEC2.675) XSD1 
WRITEC2,675) XSD1R 
WRITEC2.680) 
loiRlTEC2.685) 
IJRITEC2.690) 
WR!TEC2.695) CAPRSTCK) ,K=6,21) 
WRITEc2.700)CBPRSTCK),K=6,21) 
WR!TEC2.705)CRELC!),!=6o21) 
WRITEC2,710)CXMN(J),!~6r21) 
WRITEC2.585)cXSDC!),J~:6,21) 
WRITEC2.715) XMNS, XSDS 
WRJTEC2.595) 
WR!TEC2.605) AAT1, AATZ1 AATl1 AAT4• AATS 
IJPITEC2.6n5) CXMN4CI),J:1,5) 
WRITE(2.605) cXS04CI),I=1,5) 
WR!TEC2.610) 
IJRITEC2.6?0)~FTT1, FFTT2 
W R IT E ( 2 • 6 2 0) (X M N 2 ( !) 1 1•1 , 2) 
WR!TEC2.6:>11) CXSD2(1) ,Ja1 ,2) 
IJRITEC2.6?5) 
W R I TE ( 2 • 72 0) C C CC TC M, N) , Ph1 , 5) 1 N = 1 , 2> 
\oi R IT E C2 • 6 0 5) c (cc T R (M, N) , M= 1 , 5) I ~ "1 I 2) 
WP.ITEC2.7:>5) 
I.'R!TF. C2, 730) 
WRJTEC2.605) C(AADTCI~,N) rM:1 ,5) oN•1 12) 
W R JT E ( 2 , 6 0 5) CC OTT A (M , N) 'M= 1 , 5) , N •1 1 2 )' 
WPITE (2, 735) 
00 500 ro=1,5 
D050~N=1,2 
WRITEC2,5n?.l M,N 
W~!TEC2.740ICP(M,~,J),J:1,48l 
W R I TE ( 2 • 7 4 0) C n T SS CM, N , J ) , J o: 1 , 4 8) 

SOil CONTINU> 
IJR ITE C2. 745) 
IJRITE<?.750) 
wRITE C2. 7551 
WRITEC2.7Ail) PDH 
WRITEC2.7A5l CTT(!),J:1,Sl, T4 
IJR!TF.C2.770l CADA(!),J•1,5), AADA 
IIR!TEC2.775) CADAR(!),I:1.5), AAPAR 
HTIIR~ 

50? f0RI•AT(:>I41 
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~85 FORMAT(19X,1~F6,2) 

59~ FORMAT(// 1 FLEET MIX 1 /) 

605 F0RMATC11X,5~6.2l 
610 FORMAT(/// 1 FLIGHT TYPE 1/) 

620 F0RHAT(13X.2F5,2/) 
62, FORMAT(///' AIRCRAFT PER GROUP AND FLIGHT TYPE 1/) 
635 FOR•~AT(1H1,1RC/);44x,r A PR 0 N SI MU LA T I 0 N 1) 
640 FORMAT(/////' NUMBER OF DAYS SIMULATED 1 ,10X 1 14/) 
645 FORMAT(' AI~rRAFT PER DAY '•15X,I4/) 
650 fORMAT(• FLEET MIX '•4X•5F5,?/) 
655 FORMAT(• ~LIGHT TYPF. •,4X,2F5,2/////) 
A6G F0RHATC40X, 1 MAXIMUM NUMBER OF ARRIVALS PER HOUR •,F5.1) 
665 FORMATC?SX,F5.2/) 
670 F0RMATCR2X, 1 STANDS REQUIRED 1 ,F6,1) 
675 FORHATC102X,F6,2) 
680 FORMATC1H1,7C/),r DATA GENERATION CHECK 'Ill//) 
68~ FORMAT(• ARRTVAL PATTFRN 1 /) 

690 FORMAT(• ARRtVALS/TIME 5•6 6•7 ?•8 8•9 9•10 10•11 11 
1•12 12•13 13·14 14•15 15•16 16•17 17•18 18•19 19-20 20•21 1/) 

A95 FORMAT(• OBSFRVED •,9Xo16F6.2> 
?On FORMATC18X,16F6,0) 
705 FORMATC/ 1 GENF.RATED ',8X,16F6.2) 
?10 FORMATC19X,1~F6,1l 
?15 FORMATC104X•F5,1~FA.2l 
?2t. FORMAT(11X,5F6,0) 
?2S FO~MAT(/// 1 OCCUPANCY TIME 'I) 
?30 FO~MATC• AVERAGES I) 

?35 FORMAT(• ClJHIILATIVE PROBARILtTY FUNCTIONS 1) 
740 FORMATC~4F5.2l 
745 FO~MATC/// 1 neLAYS '/) 
750 FO~MATC• DELAYS/AIRCRAFT GROUP 1 2 3 4 . 5 

1 All '> 
755 FOR•~AT(' PER AIRCRHT ') 
?A0 FORMAT(~X,' MAXIMUM 1 ,59X,F5.2) 
765 FORMAT(~X. I AVERAGE 1 ,10X,5F?,2,12X•F7,2) 
?70 fOqMAT(/ 1 PER DAY •,1SX•5F7,1,11X,F7,1) 
775 FOR~AT(~4X,5F?,2,12X,F7,2) 

EN~ 
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MASTER ARRJVALPATTERN 
DIMFNSJON APTC25), ASTC25), PRSTC25l, PRTC25), X(25), APPC31,25), 

1 ·AS~C31.25), ATC:H,60), PR(31,25), PRp(31.25) 
CALL LP120 
READ(1,300) !JT, 1FT 

C liT, INITIAL TIME !FT, FINAL TIME 
READC1 ,290) N!ID 

C ND!l, NUMBER OF DAYS CONSIDERED 
WRITEC2.250) 

c 

WRITEC2,260) !IT; 1FT 
WRlTEc2.270) 
WRJTEC2.280) 

DO 140 .IJ•1.NDD 
READC1 .~00) ND, NAil 

C ND, DAY•S NUMRER NAD• NUMBER OF AIRCRAFT ARRIVALS ON THE DAY JJ 
WRJTEC2.310) ND, NAD 
NADT-"IAilT•NAD 

C NADT, TOTAL NUMBER OF ARRIVALS IN THE PERIOD CONSIDERED 
READ(1,320)CAT(JJ,J),J•1,NAD) 

C ATCJJ,J), ARRIVAL TJMF NUMBER I ON THE DAV JJ 
DO 100 1•1 ,NAD 
J•4TCJJ .I) 
T 1 • AT ( J ,I , I ) • J 
ATCJJ,J>•J•CT1•100.)/60. 

100 CONTJNUF 
C IDO• 100 TRANSFORMS ARRIVAL TIMES FROM HOURS AND MINUTES INTO HOURS 

WRJTEC2.330)CAT(JJ,J),I•1.NAD) 
N•1 
T•J IT 
IITP•Tlr•1 
ASaO, 
!AS =AS 
DO 13D t•JJTP,IFT 
T•T+1 
AP=O. 
DO 110 JIIN,NAD 
IFCIAS.FO.NAD) GO TO 120 
IFCAT(JJ,J)•T)0,0,120 
N•N+1 
AP•AP+1 
APPCJJ,T)•AP 
PRPCJJ,J)aAPPCJJ~J)/NAD 

110 CONTJNUF 
12() CONTINUF 

AS•AS+AP 
IAS=AS 
ASS C JJ o1) :~AS 
PRCJJ,J>•ASSCJJ,J)/NAD 

130 CONTINUF 
140 CONTJNUF 

r. 
WRJTEC2.350l !IT, !FT 
DO 150 T•IJTP,IFT 
M•J·1 
WRJTEC2.3~0) M,J~ CAPPCJJ,I), JJ•1,ND&) 

1 ~0 CONTINUF 
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c 

WRJTEC2,370) 
DO 160 t•IJTP,IFT 
M•J-1 
WRJTEC2.380) M,!, (PRP(JJ,J), JJ•1,NDD) 

160 CO'lTINUF 
WRITEC2.390) JITP, 1FT 
DO 190 r•JJTP,IFT 
XMN:O.O 
XSD=O.O 
DO 170 JJ-1 •NDD 

170 XMN•XMN+PR(JJ,J) 
XMN•XMN/NDD 
DO 180 .IJ•1 •NDD 

180 XSDaXSD+(PR(JJri)•XMN>•*2 
XSD•SORT(XSD/NDD) 
WRITEC2.400) J, CPR(JJ,I), JJ•1,NDD) 
WR!TEC2.410) XMN; XSD 

190 CONTINUF 
DO 210 K•JITP,IFT 
DO 200 1•1,NIID 

200 APTCK)•APP(L,K)+APT(K) 
210 PRTCK)•APT(X)/NADT 

WRITE(2,415) 
WRITEC2.420) JITi !FT 
WRITEC2.430)CAPTCK),K•IIT,JFT) 
WR JTEC 2, 440) 
WRITEC2.450)CPRT(K),K•IIT,JFT) 
DO 230 K•IITP,IFT 
XCIC>•FLOAT(K) 
DO 220 1•1,Nilll 

2?0 ASTCK)•AS~CL.K)+AST(K) 
?30 PRST(IC)=A~T(K)/NADT 

WRITEC2,460) liT; !FT 
WRITEC2,430)CASTCK),IC•IIT,JFT) 
WRITEC2.470) 
WRJTEC2.450)CPRSTCIC)rK•IIT,IFT) 

250 FORMAT(1H1,7C/),t BIRMINGHAM AIRPORT, AUGUST 1978 1//) 
260 FORMAT(t INITIAL TIME '•13t' FINAL TIME 1,!3) 
270 FORMAT(/1 ONF HOUR INTERVALS 1///) 
280 FORMATC/15Xr' AIRCRAFT ARRIVAL TIMESr IN HOURS I) 
290 FORMATCJ4) 
300 F0RMATC214) 
310 FORMAT(//15X,t DAY '•I4•4Xr' ARRIVALS '•14/) 
320 F0RMAT(13FO.n> 
330 F0RMATC15x,15F7,2> 
350 F0RMATC1H1,7C/),1 HOURLY ARRIVALS, FROM I,J],t TO ltf!/) 
360 FORMAT(• PERIOD 1,2J3/15CF7,0)) 
370 FORMAT(//15X,r HOURLY ARRIVALS DIVIDED IV DAILY ARRIVALS If) 
~80 f0RMAT(15Xr 1 PERIOD '•213,3C/15Xt15(F,,2))) 
390 FORMAT(I/ 1 CIIMULATIVE PROBABILITY, FROM ',J3,r TO '•13/) 
400 FORMAT(t TIMF 1 r13/15CF7.2)) 
410 f0RMAT(~1X, 1 MEAN t,F4,2,3X,' S DEV ',F4,2) 
415 FORMAT(1M1,7CI),52X, 'SUM M A RV 1//1/) 
420 FORMAT(// 1 TOTAL HOURLY ARRIVALS UP TO THE TIMEr FROM I,J],r TO I, 

113) 
430 FORMAT(/12F10.0) 
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------------------------------------------------------------- . 

44n FORMATC//1 TOTAL HOURLY ARRIVALS UP TO THE TIME, DIVIDED BY TOTAL 
1ARRIVAL~ I) 

450 FORMATC/12F10.2l 
460 FOR~ATC//l TOTAL ARRIVALS UP TO THE TIME, FROM '•1!,1 TO 11 13) 
470 FORMATC//t TOTAL ARRIVALS UP TO THE TIME DIVIDED BY TOTAL ARRIVALS 

1 I ) 
AFTIIFL0AT( !FT) 
CALL HI~CHACAPT,IFT,0,1.0,1.0•AFTl 
CALL Plr.CLE 
CALL HI~CHA(AST,IFT,0,1o0,1,0,AFT) 
CALL PICCLE 
CALL GRAF(X,~RST~IFT,O) 
CALL DEvEND 
STOP 
END 
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MASTER APRONOCCTIME 
DIMENSION OPC50li OPTC50), OT<SO), P(SQ), X(SO), XXC5o), V(50) 
CALt LP1i!O 
WRITEC2.210) 
WRITECZ.2L'0) 
WRITEC2.230) 
READC1,240) NATG 

C NATG, NtiMBER OF AIRCRAFT TYPE GROUPS 
DO 360 Ma1,NATG 
READ(1, 250) NIATv·; NO 

C NATV, AIRCRAFT GROUP NO, SAMPLE SIZ! 
WRITEC2.260) NATV, NO 
READ(1,270)(XCl);VcJ),l•1,NO) 
DO 1 00 I •1 I NO 
J •X (I) 

ThX(Jl•J 
100 X<tl•J+CT1•100,)/60. 

DO 110 1•1,NO J·. 

J•VCJ) 
T 1 •V (I)- J 

110 VCtl•J+CT1•100,)/60. 
DO 120 1•1.NO 

120 OTCt>•YIJ)•XCt) 
WRITE (2, 280) 
WRtTE(2.290)COT(I),Ja1,N0) 
DO 131'1 T•1,NO 

130 0T(I)•OT(J)+0.07 
WR1TE(i!,300) 
WRJTEC2.290)COT(J),Ic1,NO) 
XMN:O.O 
XSD=O.O 
DO 140 1•1,NO 

140 XMN:XMN+OT(J) 
XMN~:XMN/NO 
D01501•1,NO 

150 XSD:XSD+(OT(!)•XMNl••2 
XSD=SQRT(XSD/NO) 
CV•XSD/l<'MN 
DO 155 .1•1,48 
OPCJ)"O 

155 OPTCJ)•O. 
DO 1 80 I •1 I NO 
T•S./60. 
DO 170 .1•1 I 411 
lFCOT(Il•T) O, 0~ 160 
0PCJ)z:0p(Jl+1. 
GO TO 1110 

1f>O hT+S./f-.0. 
171') CONrJNUF 
180 CONTINUF 

0PT(1)coPC1) 
PC1lcOPT(1)/NO 
DO 190 .J•2,4A 
0PT(J)•OPT(J-1)+0P(J) 

190 PCJl•OPT(J)/NO 
DO ?00 .1•1,411 

20n XXCJ>•J•S./60. 
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c 

21 n 

220 
230 
24n 
250 
260 
270 
280 
290 
300 
310 

320 
330 
340 
350 

WRITEC2.310) 
WRITEC2.320) 
WRITE(2,330)CXX(J),OPCJ),OPTCJ),p(J),J•1,48> 
WRITEC3.340)Cp(J),J•1,48> 
WRITEC2,350) XMN, XSD, CV 
f0RMATC1H1,7C/),40x,• A PR 0 N 0 CC UP AN CV TIMES If 

11 //) 
FORMAT(' BIRMINGHAM AND MANCHESTER AIRPORTS, 1979 I) 
FORMATC/ 1 S·MIN TIME INTERVALS I) 
F0RMATC!4) 
f0RMATC~J4) 
FORMATC////////1 AIRCRAFT GROUP I,J4t4X,I SAMPLE SIZF '•14) 
f0RMATC12F0.0) 
FORMATC/10Xr 1 STAND OCCUPANCY TIMES, IN HOURS If) 
FORMATC12n0.2) 
FORMATC/10Xr' STAND OCCUPANCY TIMES PLUS 4 MINUTES, tN HOURS 1/) 
FORMATC///66X, 1 OCCUPANCY 1,3X, 1 FREQUENCY 1r2X,I CUMULATIVE 1,3Xr 

1 I CUMULATIVE I) 
FORMATC68X, 1 TIME 1,19Xrl FREQUENCy 1r4X•' PROBABILITY 1/) 
FOR~ATCA7X,F6.2r9X,f6.0r8XrF6,0r8X,F6,2) 
FORMATC13F6. ?> 
FORMAT(/ I MEAN I,F4.2,]X,' S DEV 1,F4,2t3X,I S DEV/MFAN l,f4,2) 
CALL HI~CHA(OPr48,0,~.0r5:,z40,) 
CALL Plr.CLE 
CALL MOVT02Cn.O,O.O> 
CALL HI~CHA(OPTr48rOt1t0,5,,240,) 
CALL Plr.CLE 
CALL MOVT02CO.O,O,O> 
CALL GRAFCXX.Pr48,.08,4.0> 
CALL Plr.CLE 
CALL MOVT02(0,0,0,0) 

3(.0 CONTINUF 
e IIRJTEC3.340) CXX(J) ,J•1 r48> 

CALL DEVEND 
STOP 
END 
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