L(%[’D@Nh 'gj NEYe

geomico. :
08090 Beld demcan, § §omed
@800,

THE UNIVERSITY OF CALGARY

AIRPORT TERMINALS - OPTIMUM CONFIGURATIONS
AND GATE POSITION REQUIREMENT

BY

J. M. S. J. BANDARA

rinne
: A'THESTS"
SUBMITTED,.TO THE FACULTY OF GRADUATE STUDIES
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE

I ]
DEGREE OF DOCTOR OF PHILOSOPHY 725 89
725.39

DEPARTMENT OF CIVIL ENGINEERING
BHOTS

CALGARY, ALBERTA
DECEMBER, 1989 UM Thesrs oo

© J. M. S.J. BANDARA 1989



THE UNIVERSITY OF CALGARY

FACULTY OF GRADUATE STUDIES

The undersigned certify that they have read, and recommend to the Faculty of

Graduate Studies for acceptance, a thesis entitled, “Airport Terminals - Optimum

Configurations and Gate Position Requirement”, submitted by J. M. S. J. Bandara

in partial fulfillment of the requirements for the degreg‘qf Doctor of Philosgphy.

|

o ————

£5HimEnC®

@®93QD oD ‘c'jqo 0, @ Goiﬂaa\

ie@am g-odg) 54075

. ‘ T B 5 1
\ OB Gomw— m &
&E_%NAJJ ;785G
Date
Vi

ii

Chairman, Dr. S. C. Wirasinghe
Department of Civil Engineering

B LA e

Dr. J. F. Morrall

Department of Civil Engineering

e

Dr. S. G. Harg Zawi
Transport Canada, Ottawa

K L(L
Dr.D. Waters

Faculty of Manegement

i
// //(,Z/ c[%w////

Dr. V 'Iz’oélc
Umver!nty of Belgrade




Abstract

Passenger walking distance is a major consideration in determining the geometry
of an airport terminal configuration. The number of aircraft gate positions and the
expected passenger mix are the significant elements to be considered in planning
new terminal buildings.

Two different methods: 1) level of service method, 2) minimum cost method, are
reported to determine the gate position requirement. The level of service method is
used to calculate the number of gate positions that are required to provide a given
level of reliability. The randomness of the relevant parameters; aircraft arrival
rate at the gate positions, gate occupancy time and the aircraft separation time
at gates, is taken intolaccount inlthe @nalysis.) Thel gateirequirement at Calgary
InternationalAlirport is ‘analyzed for ¢ommon and preferential gate use policies.
In the minirﬁum cost method, an optimum number of gate positions that will
minimize the sum of the cost of gates and the cost of delay to aircraft is obtained.
An approximate procedure to determine the deterministic delay to aircraft, based
on the information regarding the peaking of the aircraft arrival rate and the number
of peaks per day is‘ presented. Closed-form solutions are obtained for the cases of
one peak and several identical non- overlapping peaks respectively. The optimum
number of gates required for the Calgary International Airport, based on a common
- gate use policy, is reported.

Given the size of a terminal in terms of the number of aircraft gates, an ana-
lytical expression is obtained for the mean passenger walking distance based on:

the fraction of arriving, departing and transferring (hub and non-hub) passengers;
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gate spacing; spacing requirement for aircraft maneuvering; and the terminal block
dimensions. Commonly used configurations of pier, satellite and pier-satellite ter-
minals are considered for the analysis. It is assumed that all aircraft parking
positions are capable of handling any type of aircraft and arriving, departing and
non-hub transferring passengers are equally distributed among all the gate posi-
tions. Two groups of hub transfers are defined to accommodate different levels of
hub and spoke operations.

A continuum approximation is used to model passenger walking within the piers
or the satellites. Wélking distance between the piers or the satellites are modeled
using discrete methods. The optimum geometry in terms of the number of piers
or satellites and their sizes, is obtained by minimizing the mean walking distance
for all the {passengers.; When thére s noclosed~ferm solution for the optimum
number of i)iers or'satellites; lower “atd upper‘bounds of the optimum number of
piers or satellites is obtained so that the optimum geometry can be obtained using
numerical methods. The optimum number of piers or satellites is proportional to
the square root of the total number of gates for some of the configurations.

The probability distribution of the walking distance of a passenger is generated
by simulation. Given an acceptable maximum walking distance, several statistical
parameters that are suitable to choose the best configuration from among several
optimum geometries are suggested. A numerical example to illustrate the selection
of the best terminal geometry for the LaGuardia main terminal, Atlanta Hartsfield
terminal and for a hypothetical terminal is presented. Examples to illustrate the
effect of pebple mover systems on walking distance and the use of the suggested

technique for a terminal expansion situation are also given.
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Notation

ar - The clearance requirement for aircraft parking at the intersection of two
satellite arms in T-shaped satellites.

ay - The clearance requirement for aircraft parking at the intersection of two
satellite arms in Y-shaped satellites.

o - 4(Ay — A)/T2.
a" - 2(Ay — A)/To.

A - Arrival rate of aircraft.
A - Mean arrival rate.
Ag - Area between the arrival rate curve and the service rate curve.

Ay - Maximum aircraft arrival rate during a peak period.
App - Maximum aircraft arrival rate at any particular time.
Ap - Peal“(/hour atneraft anmivalst

Ap - Expeéted value of peak hour aircraft arrivals.

A(t) - Aircraft arrival rate at time ¢.

bp - Combined mean walk for arriving and departing passengers within the
terminal block in pier terminals.

bs - Combined mean walk for arriving and departing passengers within the
terminal block in satellite terminals.

by - Number of schedule flights at time .

Boc - Shortest distance between the intersection point of the extended connector
centerlines and the perimeter of the largest satellite in a semi-centralized
circular satellite.

Bor - Shortest distance between the intersection point of the extended connector
centerlines and the perimeter of the largest satellite in a semi-centralized
rectangular satellite.
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Bor - Shortest distance between the intersection point of the extended connector

Bc

Bp:

Bp,

Br

By

C
Cg
Cop
Ct
Cr

centerlines and the perimeter of the largest satellite in a semi- centralized
T-shaped satellite.

- Shortest distance between the intersection point of the extended connector
centerlines and the perimeter of a centralized circular satellite.

- Shortest distance between the intersection point of the extended connector
centerlines and the perimeter of a centralized type I rectangular satellite.

- Shortest distance between the intersection point of the extended connector
centerlines and the perimeter of a centralized type II rectangular satellite.

- Shortest distance between the intersection point of the extended connector
centerlines and the perimeter of a centralized T-shaped satellite.

- Shortest distance between the intersection point of the extended connector
centerlines and the perimeter of a centralized Y-shaped satellite.

- Shortest distance between the intersection point of the extended connector
centerlines and the perimeter of a centralized Y-shaped pier- satellite.

- Shoiift._est distance between [the intersaction point of the extended connector
centérhnés and the perimeter of a centralized T-shaped pier-satellite.

- Minimum clearance requirement between the terminal block and a satellite.

- Marginal capital, maintenance and operating cost of a gate position per
day.

- Design hour volume for aircraft arrivals and departures.
- Gate capacity.

- Annual operating cost.

- Wing tip clearance.

- Total delay and capital cost.

CCS - Centralized circular satellite.

CRP - Centralized radial pier.

CRS - Centralized rectangular satellite.

XVvi



CSP - Centralized standard satellite.
CTS - Centralized T-shaped satellites
CTPS - Centralized T-shaped pier-satellite.

CYPS - Centralized Y-shaped pier-satellite.

Ds - Maximum distance from the intersection point of the extended connector
centerlines to the perimeter of the terminal block.

Dt - Total delay to aircraft per hour.

E  -To(Am — A)/Ak.

F - Cumulative density function of Type I extreme value distribution.

gdo - Gate requirement for a% reliability.

G - Number of gate positions.

Gr - Lower bound of the gate position requirement.

k - Ave,r.;age cost of delay to airline and passengers per aircraft per hour.

Ko -1+P

K, -1+P—-4PQ/3.

Kir -1+ P—4PQr/3.

Kirg -1+ P —4PQrqa/3.

K, -1+P-2PQ.

Kirg -1+ P —2PQrq.

Karo -1+ P —2PQro.

K3r - 2PQ(1 - T).

Ky -2P(1-Q).

Ky -2P(1-Qr).

Ksrg -1+ P —2PQra/3.

L - Total length of the piers.
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lm - Length of the main arm of the largest satellite.

lmaz - Perimeter length of the largest rectangular satellite.

ls - Length of a secondary arm of the largest satellite.

Lq - Length requirement for aircraft parking.

Lr - Total linear gate frontage.

L, - Linear gate frontage for the i** satellite.

m - Number of taxi lanes.

m; - Percentage of type 7 aircraft in fleet mix.

n - Number of piers or satellites.

n, - Number of peaks with the arrival rate greater than the service rate at the
2tk step.

NE - Optimum number of piers for a semi-centralized pier satellite with equal

lengt’lﬁl' piers.
NL . LoWér bound of the optimum number of piers or satellites.
NY - Uppieur bound of the optimum number of piers or satellites.
N* - Optimum number of piers or satellites.
N(t) - Total number of aircraft occupying gate positions.
(0] - Intersection point of the extended connector centerlines.

p(t) - The probability that a flight is present at a gate position.

P - Fraction of transfers with respect the total number of passengers.

P' - Fraction of transfers with respect to the total enplanements.

Pg - The percentage of passengers that walk more than the specified maximum
distance.

Q - Fraction of hub transfers.

Q(t) - Aircraft queue at time ¢t.
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r - Fraction of hub transfers that are known to depart from the arrival pier or
satellite only.

ra -r+(1-r)/n.

ro -(n—-1)(1-r)/n.

R - Inscribed radius of the pier base.

Rs - Radius of a circular satellite.

S - Spacing between two piers or centralized satellites.

Sc - Spacing between two semi- centralized circular satellites.
Sg - Spacing between two gate positions.

Sr - Spacing between two semi-centralized rectangular satellites.
St - Spacing between two semi-centralized T-shaped satellites.

Syp - Spacing between two centralized Y-shaped pier- satellites.
Stp - Spa€ing between two centralized T, shaped pier- satellites.

S) - Perpendiculariclearance requireiment at each pier base in radial pier termi-
nals.

SCS - Semi-centralized circular satellite.
SPP - Semi-centralized parallel pier.
SRS - Semi-centralized rectangular satellite.

STS - Semi-centralized T-shaped satellite.

t - Time.

tm - Time at which the aircraft arrival rate is a maximum.
ts - Aircraft separation time.

ts - Mean of the aircraft separation time.

T - Gate occupancy time.

T - Mean gate occupancy time.
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To - Time during which aircraft arrival rate exceed its mean value.

U - Gate utilization factor.

w; - A portion of average walking distance in a centralized-standard pier termi-
nal.

W - Mean walking distance for all passengers.

W, - Mean walking distance for arriving and departing passengers.
Wg - Excess walking distance.
Wg - Excess mean walking distance.

Wy - Mean walking distance for hub transfers.

W1 - Mean walking distance for hub transfers that are known to depart from the
arrival pier or satellite.

Wha - Mean walking distance for hub transfers that are equally likely to depart
from &fiy gaté intherterminal!

Wmaz - A€e€ppable maximunr walking distance’

Wy - Meai{ walking distance for non-hub transfers.

Wp - Width of a pier.

Ws - Width of a satellite arm

W; - Taxi lane width.

W g5 -Eighty fifth percentile of the cumulative walking distance distribution.
z - Length of a rectangular satellite.

- length of the ¢** pier or a secondary arm of the 1** satellite.

T

X - Entrance point from the terminal block to the concourse connecting the
piers in a centralized-standard pier terminal.

Yy - Width of a rectangular satellite.
« - Half of the angle subtended at the center of a circular satellite by a aircraft

parked at a gate position.
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B8 - Angle of spread.
Ats - Error in the estimate of ts.
AU - Error in the estimate of U.

0 - Half of the angle subtended by two piers or satellite connectors at the
intersection point of their extended centerlines.

A -u— A.

p - Aircraft service rate (aircraft per hour).
u* - Optimum service rate.

0% - Variance of aircraft arrival rate.

0% - Variance of gate position requirement.

of, - Variance of aircraft separation time.

o7 - Variance of gate occupancy time.
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