
T H E U N I V E R S I T Y O F C A L G A R Y 

A I R P O R T T E R M I N A L S - O P T I M U M C O N F I G U R A T I O N S 

A N D G A T E P O S I T I O N R E Q U I R E M E N T 

B Y 

J. M . S. J. B A N D A R A 

A THESfs* 0 

S U B M I T T E D T O T H E F A C U L T Y O F G R A D U A T E S T U D I E S 

IN P A R T I A L F U L F I L L M E N T O F T H E R E Q U I R E M E N T S F O R T H E 

D E G R E E O F D O C T O R O F P H I L O S O P H Y lll-J--
7 ZS .-3Q 

D E P A R T M E N T O F CIVIL E N G I N E E R I N G 

C A L G A R Y , A L B E R T A 

D E C E M B E R , 1989 

© J. M . S. J. B A N D A R A 1989 

5407? 



T H E U N I V E R S I T Y O F C A L G A R Y 

F A C U L T Y O F G R A D U A T E S T U D I E S 

T h e u n d e r s i g n e d ce r t i f y t h a t t h e y have r e a d , a n d r e c o m m e n d t o t h e F a c u l t y o f 

G r a d u a t e Stud ies fo r acceptance, a thesis e n t i t l e d , " A i r p o r t T e r m i n a l s - O p t i m u m 

C o n f i g u r a t i o n s a n d Ga te P o s i t i o n R e q u i r e m e n t " , s u b m i t t e d b y J . M . S. J . B a n d a r a 

i n p a r t i a l f u l f i l l m e n t o f t he requ i r emen ts fo r t h e degree o f D o c t o r o f Ph i l osophy . 

54075 
C h a i r m a n , D r . S. C . W i r a s i n g h e 
D e p a r t m e n t o f C i v i l E n g i n e e r i n g 

D r . J . F . M o r r a l l 
D e p a r t m e n t o f C i v i l E n g i n e e r i n g 

D a t e 

D r . S. G . H a m z a w i t 

T r a n s p o r t C a n a d a , O t t a w a 

Dr- ; D . Wa te rs 
F a c u l t y o f M a n e g e m e n t 

///' licit 
' i 

tl/L, 
D r . V . Tosic 
U n i v e r s i t y o f Be lgrade 



A b s t r a c t 

Passenger w a l k i n g d is tance is a m a j o r cons ide ra t i on in d e t e r m i n i n g t he g e o m e t r y 

o f an a i r p o r t t e r m i n a l c o n f i g u r a t i o n . T h e n u m b e r o f a i r c ra f t ga te pos i t i ons a n d t he 

expec ted passenger m i x are t he s ign i f i can t e lements to be cons idered i n p l a n n i n g 

new t e r m i n a l b u i l d i n g s . 

T w o d i f fe ren t m e t h o d s : l ) level o f service m e t h o d , 2) m i n i m u m cost m e t h o d , are 

r e p o r t e d t o d e t e r m i n e the gate p o s i t i o n requ i remen t . T h e level o f serv ice m e t h o d is 

used t o ca l cu la te t he n u m b e r o f ga te pos i t ions t h a t are requ i red t o p r o v i d e a g iven 

level o f r e l i ab i l i t y . T h e randomness of the re levant pa rame te rs ; a i r c ra f t a r r i v a l 

ra te a t t h e gate pos i t i ons , gate occupancy t i m e a n d the a i r c ra f t s e p a r a t i o n t i m e 

a t gates , is t aken i n t o account i n the analys is . T h e gate r e q u i r e m e n t at C a l g a r y 

I n t e r n a t i o n a l A i r p o r t is ana lyzed for c o m m o n a n d p re fe ren t ia l gate use po l ic ies . 

I n the m i n i m u m cost m e t h o d , an o p t i m u m n u m b e r o f gate pos i t i ons t h a t w i l l 

m i n i m i z e t he s u m of the cost o f gates a n d the cost o f delay t o a i r c ra f t is o b t a i n e d . 

A n a p p r o x i m a t e p rocedu re t o d e t e r m i n e t he d e t e r m i n i s t i c delay t o a i r c r a f t , based 

o n t he i n f o r m a t i o n rega rd ing t h e peak ing of t he a i r c ra f t a r r i v a l r a te a n d t he n u m b e r 

o f peaks per day is p resented . C losed - fo rm so lu t ions are o b t a i n e d fo r t he cases o f 

one peak a n d several i den t i ca l n o n - ove r l app ing peaks respect ive ly . T h e o p t i m u m 

n u m b e r o f gates r equ i r ed for the C a l g a r y I n t e r n a t i o n a l A i r p o r t , based o n a c o m m o n 

gate use po l i cy , is r e p o r t e d . 

G i v e n t he size o f a t e r m i n a l i n t e rms of the n u m b e r o f a i r c ra f t gates, an ana­

l y t i c a l express ion is o b t a i n e d for the mean passenger w a l k i n g d is tance based o n : 

the f r a c t i o n o f a r r i v i n g , d e p a r t i n g a n d t r a n s f e r r i n g ( h u b a n d n o n - h u b ) passengers; 
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g a t e s p a c i n g ; s p a c i n g r e q u i r e m e n t f o r a i r c r a f t m a n e u v e r i n g ; a n d t h e t e r m i n a l b l o c k 

d i m e n s i o n s . C o m m o n l y u s e d c o n f i g u r a t i o n s o f p i e r , s a t e l l i t e a n d p i e r - s a t e l l i t e t e r ­

m i n a l s a r e c o n s i d e r e d f o r t h e a n a l y s i s . It is a s s u m e d t h a t all a i r c r a f t p a r k i n g 

p o s i t i o n s a r e c a p a b l e o f h a n d l i n g a n y t y p e o f a i r c r a f t a n d a r r i v i n g , d e p a r t i n g a n d 

n o n - h u b t r a n s f e r r i n g p a s s e n g e r s a r e e q u a l l y d i s t r i b u t e d a m o n g all t h e g a t e p o s i ­

t i o n s . T w o g r o u p s o f h u b t r a n s f e r s a r e d e f i n e d t o a c c o m m o d a t e d i f f e r e n t l e v e l s o f 

h u b a n d s p o k e o p e r a t i o n s . 

A c o n t i n u u m a p p r o x i m a t i o n is u s e d t o m o d e l p a s s e n g e r w a l k i n g w i t h i n t h e p i e r s 

o r t h e s a t e l l i t e s . W a l k i n g d i s t a n c e b e t w e e n t h e p i e r s o r t h e s a t e l l i t e s a r e m o d e l e d 

u s i n g d i s c r e t e m e t h o d s . T h e o p t i m u m g e o m e t r y i n t e r m s o f t h e n u m b e r o f p i e r s 

o r s a t e l l i t e s a n d t h e i r s i z e s , is o b t a i n e d b y m i n i m i z i n g t h e m e a n w a l k i n g d i s t a n c e 

f o r all t h e p a s s e n g e r s . W h e n t h e r e is n o c l o s e d - f o r m s o l u t i o n f o r t h e o p t i m u m 

n u m b e r o f p i e r s o r s a t e l l i t e s , l o w e r a n d u p p e r b o u n d s o f t h e o p t i m u m n u m b e r o f 

p i e r s o r s a t e l l i t e s is o b t a i n e d s o t h a t t h e o p t i m u m g e o m e t r y c a n b e o b t a i n e d u s i n g 

n u m e r i c a l m e t h o d s . T h e o p t i m u m n u m b e r o f p i e r s o r s a t e l l i t e s is p r o p o r t i o n a l t o 

t h e s q u a r e r o o t o f t h e t o t a l n u m b e r o f g a t e s f o r s o m e o f t h e c o n f i g u r a t i o n s . 

T h e p r o b a b i l i t y d i s t r i b u t i o n o f t h e w a l k i n g d i s t a n c e o f a p a s s e n g e r is g e n e r a t e d 

b y s i m u l a t i o n . G i v e n a n a c c e p t a b l e m a x i m u m w a l k i n g d i s t a n c e , s e v e r a l s t a t i s t i c a l 

p a r a m e t e r s t h a t a r e s u i t a b l e to c h o o s e t h e b e s t c o n f i g u r a t i o n f r o m a m o n g s e v e r a l 

o p t i m u m g e o m e t r i e s a r e s u g g e s t e d . A n u m e r i c a l e x a m p l e t o i l l u s t r a t e t h e s e l e c t i o n 

o f t h e b e s t t e r m i n a l g e o m e t r y f o r t h e L a G u a r d i a m a i n t e r m i n a l , A t l a n t a H a r t s f i e l d 

t e r m i n a l a n d f o r a h y p o t h e t i c a l t e r m i n a l is p r e s e n t e d . E x a m p l e s t o i l l u s t r a t e t h e 

e f f e c t o f p e o p l e m o v e r s y s t e m s o n w a l k i n g d i s t a n c e a n d t h e u s e o f t h e s u g g e s t e d 

t e c h n i q u e t o r a t e r m i n a l e x p a n s i o n s i t u a t i o n a r e a l s o g i v e n . 
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N o t a t i o n 

oy - T h e c learance requirement for aircraft parking at the intersection of two 
satell ite a r m s in T-shaped satellites. 

ay - T h e c learance requirement for aircraft parking at the intersection of two 
satell ite a r m s in Y - s h a p e d satellites. 

A - Arrival r a t e of a ircraft . 

A - Mean arrival r a t e . 

AE - A r e a between the arrival r a t e curve and the service r a t e curve . 

AM - M a x i m u m aircraft arrival r a t e during a peak period. 

AMP - M a x i m u m aircraft arrival r a t e a t any part icu lar t ime. 

Ap - Peak hour aircraft arrivals . 

Ap - E x p e c t e d value of peak hour aircraft arrivals . 

A(t) - Aircraft arrival r a t e at t ime t. 

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

bs - Combined m e a n walk for arriving and depart ing passengers within the 
terminal block in satell ite terminals . 

6^ - Number of schedule flights at t ime t. 

Boc - Shortest d is tance between the intersection point of the extended connector 
centerlines and the per imeter of the largest satellite in a semi-centralized 
c ircular satell ite. 

B O R - Shortest d is tance between the intersection point of the extended connector 
centerlines and the perimeter of the largest satellite in a semi-central ized 
rec tangular satell ite. 

a' 

a' -4(AM-A)/T*. 

- 2{AM-A)/T0. 
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BOT - Shortest d is tance between the intersection point of the extended connector 
centerlines and the perimeter of the largest satell ite in a semi- central ized 
T-shaped satellite. 

Be - Shortest distance between the intersection point of the ex tended connec tor 
centerlines and the per imeter of a central ized c ircular satell ite. 

BRI - Shortest d is tance between the intersection point of the extended connec tor 
centerlines and the per imeter of a centralized type I rec tangu lar satell ite. 

BR2 - Shortest distance between the intersection point of the extended connec tor 
centerlines and the perimeter of a centralized type II rec tangular satell ite. 

BT - Shortest d is tance between the intersection point of the ex tended connec tor 
centerlines and the per imeter of a centralized T-shaped satell ite. 

By - Shortest d is tance between the intersection point of the extended connec tor 
centerlines and the per imeter of a central ized Y - s h a p e d satell ite. 

Byp - Shortest d is tance between the intersection point of the extended connec tor 
centerlines and the per imeter of a central ized Y - s h a p e d pier- satell ite. 

BTP - Shortest d is tance between the intersection point of the extended connector 
centerlines and the perimeter of a centralized T- shaped pier-satell ite. 

BM - Min imum c learance requirement between the terminal block and a satell ite. 

c - Marginal capi ta l , maintenance and operat ing cost of a ga te position per 
day. 

C - Design hour volume for aircraft arrivals and departures . 

Cg - G a t e capaci ty . 

C0p - Annual operat ing cost . 

C{ - Wing tip c learance . 

CT - Tota l delay and capi ta l cost . 

CCS - Central ized c ircular satellite. 

CRP - Central ized radial pier. 

CRS - Central ized rectangular satell ite. 
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CSP - Central ized s t a n d a r d satell ite. 

CTS - Central ized T-shaped satellites 

CTPS - Central ized T-shaped pier-satellite. 

CYPS - Central ized Y - s h a p e d pier-satell ite. 

Ds - M a x i m u m distance from the intersection point of the extended connector 
centerlines to the per imeter of the terminal block. 

DT 
- Tota l delay to aircraft per hour. 

E - T0(AM - A)/AB. 

F - Cumulat ive density function of T y p e I e x t r e m e value distribution. 

9a - G a t e requirement for a% reliability. 

G - Number of gate positions. 

GL - Lower bound of the ga te position requirement . 

k - Average cost of delay to airline and passengers per a ircraft per hour. 

K0 - 1 + P . 

Kt - 1 + P - \PQjZ. 

Kir - l + P-APQr/2. 

- 1 + P - 4 P Q r o / 3 . 

K2 - 1 + P - 2PQ. 

K2ra 
- 1 + P - 2 P Q r G . 

K-iro - 1 + P - 2 P Q r 0 . 

Kzr - 2 P Q ( 1 - r ) . 

K4 - 2 P ( 1 - Q). 

Kir 
- 2 P ( 1 -Qr). 

- 1 + P - 2PQra/3. 

L - Total length of the piers. 
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lm - Length of the main a r m of the largest satell ite. 

Imax - Per imeter length of the largest rec tangular satell ite. 

ls - Length of a secondary a r m of the largest satell ite. 

L a - Length requirement for aircraft parking. 

Lr - Tota l linear gate frontage. 

L\ - L inear gate frontage for the itk satellite. 

m - Number of tax i lanes. 

m t- - Percentage of type i a ircraft in fleet mix . 

n - Number of piers or satellites. 

rij - Number of peaks with the arrival r a t e grea ter t h a n the service r a t e at the 
ith s tep. 

N E - O p t i m u m number of piers for a semi-centralized pier satell ite with equal 
length piers. 

NL - Lower bound of the o p t i m u m number of piers or satellites. 

N u - Upper bound of the o p t i m u m number of piers or satell ites. 

N* - O p t i m u m number of piers or satellites. 

N(t) - Tota l number of aircraft occupying gate positions. 

O - Intersection point of the extended connector centerlines. 

p(t) - T h e probabil ity t h a t a flight is present a t a gate position. 

P - Frac t ion of transfers with respect the to ta l number of passengers . 

P' - Frac t ion of transfers with respect to the tota l enplanements . 

Pe - T h e percentage of passengers t h a t walk more than the specified m a x i m u m 
distance. 

Q - Frac t ion of hub transfers . 

Q(t) - Aircraft queue at t ime t. 
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r - Frac t ion of hub transfers t h a t are known to depart from the arrival pier or 
satell ite only. 

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

rQ - (n - 1 ) (1 - r ) / n . 

R - Inscribed radius of the pier base. 

Rs - Radius of a c ircular satellite. 

S - Spacing between two piers or centralized satellites. 

Sc - Spacing between two semi- centralized c ircular satellites. 

Sg - Spacing between two ga te positions. 

SR - Spacing between two semi-centralized rectangular satell ites. 

ST - Spacing between two semi-centralized T-shaped satellites. 

Syp - Spacing between two central ized Y-shaped pier- satellites. 

STP - Spacing between two centralized T - shaped pier- satellites. 

Si - Perpendicular c learance requirement at each pier base in radial pier termi­
nals. 

SCS - Semi-centralized c ircular satellite. 

SPP - Semi-centralized parallel pier. 

SRS - Semi-centralized rec tangular satellite. 

STS - Semi-central ized T-shaped satellite. 

t - T i m e . 

tm - T i m e at which the aircraft arrival r a t e is a m a x i m u m . 

ts - Aircraft separat ion t ime. 

Is - Mean of the aircraft separat ion t ime. 

T - G a t e occupancy t ime. 

T - Mean gate occupancy t ime. 
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To - T i m e during which aircraft arrival r a t e exceed its m e a n value. 

U - G a t e utilization factor . 

tut- - A port ion of average walking dis tance in a centra l ized-s tandard pier termi­
nal. 

W - Mean walking distance for all passengers. 

WA - Mean walking dis tance for arriving and depart ing passengers. 

WE - Exces s walking distance . 

WE - Excess mean walking distance. 

WH - Mean walking dis tance for hub transfers. 

WJJI - Mean walking dis tance for hub transfers t h a t are known to depart from the 
arrival pier or satell ite. 

WH2 - Mean walking dis tance for hub transfers t h a t are equally likely to depart 
from any ga te in the terminal . 

W-max - Acceptable m a x i m u m walking distance . 

WN - Mean walking dis tance for non-hub transfers . 

Wp - W i d t h of a pier. 

Ws - W i d t h of a satell ite a r m 

Wf - Tax i lane width. 

W -E ighty fifth percenti le of the cumulat ive walking distance distribution. 

x - Length of a rec tangu lar satell ite. 

X j - length of the ith pier or a secondary a r m of the ith satell ite. 

X - E n t r a n c e point from the terminal block to the concourse connect ing the 
piers in a centra l ized-s tandard pier terminal . 

y - Width of a rec tangu lar satellite. 

a - Half of the angle subtended at the center of a c ircular satell ite by a aircraft 
parked at a gate position. 
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0 - Angle of spread. 

Ats - E r r o r in the es t imate of ts-

AU - E r r o r in the e s t imate of U. 

9 - Half of the angle subtended by two piers or satellite connectors at the 
intersection point of their extended center lines. 

A - n — A. 

H - Aircraft service r a t e (aircraft per hour ) . 

(j,* - O p t i m u m service r a t e . 

o\ - Variance of a ircraft arrival r a t e . 

Oq - Variance of ga te position requirement. 

ajs - Variance of aircraft separat ion t ime. 

try - Var iance of ga te occupancy t ime. 

ae 
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