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If one is to make observations about airports, it

is important at the onset to define what an airport is.
Webster defines airport as a "place where aircraft can
land and take off, usually with facilities for repair."1
In simplest but not inclusive terms this does describe
one aspect cf an airport.

If we wish to define airport in more extensive
words, it is first essential to set the parameters to
establish what the term airport means. If Webster's
definition were to be used, countless visual images
surface. Does a gravel road constitute a runway or a
toolbox in a pickup truck a repair facility?

For the purpose of this project airport should
include the following within its definition. Airports
are transitional spaces between one mode of transpor-
tation and ancther; airports, therefore, act as links
between earth and sky. Airports communicate in a
unique language wusually in graphic form. This
language continually directs users in specific paths to
desired locations. In this sense airports are much
like organisms with specific internal circulation
strategies. Airports also are educational devices
which introduce to people technology manifested in
the form eof aircraft. Airports do indeed include
runways and other rciated support facilities, but

these aspects will remain status quo anc concentration
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will be placed on the space where machine and man

converge.

It is also important at this time to state a
personal attitude. It is not the intention of this
thesis project to redefine the mechanics of airport
systems. Years have been expended by numerous
professionals attempting to develop airport systems
which work efficiently. It would be presumptuous
and ignorant of one with so little hands-on experience
to attempt this feat with so few tools. Rather, the
goal of my invelvement in the design of an airport
terminal for Billings is to examine their relationship to
man and offer suggestions via the final design which
might enhance and establish a more positive personal
environment, one which can be enjoyed rather than
endured.

The strategy tc develop the suggestions might
best be achieved through an examination of airports
in both positive and negative qualities.

Airports are incredible mechanisms for pro-
cessing and manipulating people. Airports on a large
scale are forced into dealing with catastrophic
numbers of people, cars, aircraft, volumes of
luggage, pounds of mail and freight zll' converging
from different origins with specific and very rhythmic

destinations.
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Often man is critical of a particular system when
inconvenienced, which unfortunately frequently occurs
at airports, but if for a moment we step back and
view the entire situation, we might conclude that it is
amazing it works as well as it does.

Airports also deal with time in a unique way.
Because cf the speed of aircraft, time has become far
meore important in units not commonly stressed in the
everyday world. Flight patterns, approaches, taxi of
aircraft all become important events measured in
minutes and sometimes seconds. The entire scenario
experienced endeavors to become as a fine tuned
watch and for this reason airports should be
applauded.

Is is perhaps from these efforts to maximize
certain aspects of airport planning that other issues
more directly related to the human experience have
been neglected. The late Eero Saarinen, when asked
to define in his opinion the purpose of architecture,
stated "to shelter and enhance man's life on earth and
to fulfill his belief in the nobility of his existence."‘7
This statement cffers to the architecture profession a
challenge requiring an uncompromising sincerity to
our fellow man. Because architecture should make a
torceful effort to enhance man's life on earth, it

should encourage, sympathize, reflect, with
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him. Airports, while succeeding in pragmatic and
functional concerns, contribute minimally to an archi-
tectural fabric.

"Airports are probably the ultimate of placeless-
ness. The traveler parks his car, enters a vast
funnel, walks through one tunnel inte another, does
not meet anyone, goes through a small doorway, sits
down in a long tube, and perhaps does not even see
the outside of the place in which he flies."3

Although the above statement might unfairly
generalize the airport experience, it does occur in a
very real sense for countless thousands of people who
experience airports enroute to their destination where
the space is encountered alone and little or no
provision is made to welcome, much less comfort or
uplift, a weary traveler. This situation becomes
much more alarming when it occurs in smaller airports
which could more readily create a positive architec-
tural environment. This situation occurs primarily
because of the motivation in airport planning. "In
the United States, we organize air transport around
private, competitive airlines each striving for their
own profit, and place more emphasis on economic
efficiency than social amenities."q Often the means to
economic efficiency result in architecture that

attempts . tc remain at the forefront of technclogical
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advancement and provides no recognizable language

for the layman. The manifestation of this technology
is often realized in materials, graphics and in a broad
sense the entire airport system. "Ceometric symmetry
of the exterior shell is an abstraction prized mainly
by designers; it is rarely even noticed by others who
are too busy trying to find their way around."5

Airports are without a doubt complex circulation
problems, but clearly defined circulation schemes
present an incomplete architectural environment.
Airports provide an excellent opportunity for cities or
regions to inform and invite passengers to discover
them. A goal of the design is to create an inviting
atmosphere, one that does more than simply move
people to and from aircraft.

Airports are very dynamic spaces; to some, this
dynamic quality brings with it excitement, to others
fear. A goal of the design is to introduce this
movement to peopie in terms that they will enjoy.

In a very real sense it is easier to state one's
desires than it is to accomplish them, and | am
certain that the final product will carry with it some
of the weaknesses inherent to existing soluticns.
This occurs because design is a conglomeration of
parts which are genecrated frem past experience and

examples. Personally, the important issue is not
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whether the product solves all the problems but that

it offers a direction to the ultimate solution.
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Until only recently man has been held captive of

the earth. But in the mere span of a lifetime man
has not only been liberated from the earth but has
soared higher and faster than would have been
believed. Perhaps as long as man has walked upon
the earth he has gazed heavenward at the birds and
imagined floating on the invisible wings of air. Greek
mythology tells us of a father, Daedulus, fashioning
wings for his son, Icarus. Acting against his
father's advice, Icarus flew too close to the sun
melting the wax wused to fasten the wings and
plunging to his death.

"Leonardo da Vinca between the years of 1486
and 1490 sketched imaginative ideas of how man could
v Replacing a traditional method of strapping
wings to a man's arms, he envisioned a mechanical
mechanism with wings pcwered by human energy."6
These mechanisms came tc be called crnithopters,
derived from the Greek word "ornitho" meaning of or
related to birds. Because of the structural differ-
ences that inherently exist between man and birds,
these mechanisms were destined tc fail.

"It wasn't until November 21, 1783 that man first
experienced a true but comparatively speaking
rudimentary form of flight. Joseph and Etierne

Montgolfier designed and constructed the first hot-air
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balloon which carried Pilatre de Rosier and Marquis
d'Arlandes five miles across Paris on a flight which
lasted twenty-five minutes.“7 Although the hot-air
balloon offered no technical advancement to an under-
standing of heavier than air flight, it proved that
man could fly and would provide the only method of
flight for the next 100 years.

Although heavier than air flight would not occur
until the dawn of the twentieth century, many
advancements were necessary to bring this dream to
fruition., "A British scientist, Sir George Cayley,
was the first to conceptualize a flying device with a
fixed wing used to generate lift and a separate
mechanism for propulsion."8 In a sense Cayley
discovered the essence of modern aircraft. In 1853
he accomplished a portion of the dream as he built
and flew the world's first human carrying aglider.
Although the glider was yet uncontrollable, Gecrge
Cayley's work in the development of aeronautics was
perhaps the single greatest impetus in liberating man
from the earth. Except for a few, the scientific
world was not eager to carry the torch lit by Cayley
because his work became obscure soon after his death
in 1857 and would not be utilized until the end cof the

century.
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The year of Cayley's death brought success to

another aeronautic engineer, a Frenchman by the
name of Felix du Temple. "In 1857 he flew the first
successful model airplane in history, it had swept-
forward wings and was powered by clockwork."9 In
1874 he then expanded his model version intoc a life-
size aircraft powered by a steam engine. Although
the aircraft left the ground momentarily, it did not
achieve any form of sustained flight.

The interest in flight was worldwide. In July
of 1884 in St. Petersburg, Russia, Alexander F.
Mozhaiski was the second to attempt powered but
assisted takeoff. It too did not accomplish sustained
flight.

With all of the efforts to free man from earth in
a heavier than air aircraft, it was not until 1891 that
someone literally jumped into the air with wings and
flew in a controlled fashion. YOtto- Lilienthal, a
German, developed and flew gliders based on exten-
sive study, and in a five year span flew 2500
w10 on August 9, 1896 Otto

Lilientha! would encounter a gust of wind stalling his

successful glider flights.

giider and plunging him to the ground where he
would suffer a broken spine resulting in his death.
It has been speculated that, had he not died so

untimely, he would have been the first to acccmplish
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flight due to his ongoing research with powered
engines.

"Aeronautics finally came tc America in 1896 as
Octave Chaute, a naturalized Frenchman, developed
and flew a biplane glider which introduced a Pratt
truss that would greatly influence the design of the
Wright brothers."11

There exists one other noteworthy event prior to
the success of the Wright brothers. "Samuel Pierpont
Langley, an American, built a series of powered
aircraft which culminated in two attempted piloted
flights, both in 1903 just weeks before the Wrights'
historical flight."'?

"On December 17, 1903 Crville Wright, witnessed
by his brother Wilbur and five others, was the first
to voyage in a heavier than air aircraft. His maiden
voyage encompassed a distance of 120 feet at an
altitude of 10 feet and lasted a mere 12 seconds.””’

The historical information concerning man's
endeavors to fly is purely academic, but it does

display the courage and desire man has exerted in

the pursuit c¢f a dream. The truly amazing realization
is the speec in which events have occurred since the
Wrights' maiden fiight. For instance, in the early
1960's a rocket powered airplane, the X-15, flew at a
speecd of 4,100 mph at an altitucde of 314,750 feet. it
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is incredible to consider that the time lapsed between

the Wright Flyer | and the X-15 was less than the
lifespan of a man. Not only have aircraft soared
higher and faster, but the weight of aircraft and the
number of people able to fly per aircraft have
increased manifeld times.

Flying has certainly changed and challenged our
concept of time and distance, perhaps more than any
other single event. It is because of this fascination
with flight than an airport terminal building was
considered. As a child, no greater excitement was
experienced than a visit to the airport. The immen-
sity of the aircraft, the noise, the hustle and bustle
of passengers carry with it an excitement experienced
in few environments. MNo other building enjoys such
a dynamic movement of people and machines. It
offers a tremendous challenge both in function and
atmosphere. The terminal is the interface between
man and sky. Because it is a transition zone, special
consideration must be given to the user. Due to the
inherent qualities of the space, it becomes necessary
to determine which aspects should be emphasized and
which should be minimized. The airport terminal
provides an intriguing environment which is perhaps
not yet fully understood by the passenger or the

architectural profession.
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Since its founding in 1882 Billings has developed

an intimate association with transportation. As in

most western cities, the railroad initially played the

single greatest role in establishing urban centers.
Prior to the railroad, which began passenger service
in August 1882, the Yellowstone River, located south
of the city, boasted a fleet of river boat steamers.

Transportation has increased in importance since
the city's inception. Billings has established itself as
a transportation hub serving Montana, Wyoming,
North and South Dakota via railroad, highway, and
air facilities.

Although railroad passenger service is not
available in the Billings area today, Burlington
Northern Railroad has maintained an active role in the
transportation of coal, grain and other goods to and
from Billings. A major switching yard is located in
neighboring Laurel, and Burlington Northern operates
an industrial park in Rillings to meet specific needs
of rail users.

"Four interstate highways connect Billings
directly. with metropolitan areas irn the west and
midwest. Interstate 9C provides a direct route to
Chicago, Spokane, and Seattle. Interstate 94 is a
direct route to Minneapolis. Interstate 25, via Inter-

state 90, links Denver and Billings. Los Angeles ana
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Salt Lake City can be easily reached by Interstate 15

and 90."“"‘ The interstate system and central location
of Billings has aided in the establishment of eight
interstate and seven intrastate freight carriers.

Since the decline of railroad passenger service,
the airport's role within the region has experienced
consistent growth. With 342,000 enplaning passengers
in 1983 Billings Logan International Airport accounted
for nearly fifty percent of all air travel within the
state. Billings is currently served by four commer-
cial air carriers: Northwest Orient, Frontier,
Western, and United. Big Sky Airlines, a Billings
based commuter airline, serves cities in Montana,
Wyoming, North Dakota, and Minnesota. In addition
to airlines, three fixed based operators, Corporate
Air, Gillis Aviation, and Lynch Flying Service,
operate in Billings. Air freight carriers in addition
to services provided by commercial carriers are: CgC
Airfreight, Montana Air Cargo, Logan Air Freight,
and recently added Federal Express, which serve in
mail and cargo capacities.

Transportation has acted as s catalyst in pro-
viding growth in industrial, commercial, cultural,
medical, and entertainment areas. Billings' trade area
of nearly 300,000 square miles provides services in a

four state region. This growth has enabled the local
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economy to expand into numerous areas resulting in a
diverse economic base.
Transportation has and will continue to be

a significant force in the future development of

Billings. As air traffic continues to grow, a
substantial challenge is established. This challenge
can be an opportunity for the city to address in
architectural form an environment that is sensitive
and informative of the regional qualities and atti-
tudes. This environment will not only inform people,
be they the people of Billings, potential business
clients or visitors, but will offer to the city an image
not removed from its residents but rather a reflection

of its people.
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The site located ocn a plateau approximately 500

feet above the city enjoys probably the single most
prominent location in the Yellowstone valley. The
airport and support facilities are essentially the only
structures occupying the plateau resulting in a limited
contextual fabric. The site analysis consists of five

« diagrams that help establish important issues affecting
potential design decisions.

Diagram - Existing Facilities. The existing

facilities diagram is an attempt in a brief manner to
establish areas occupied by specific functions.
Airport support faciiities are those directly utilized r
by airport operations. These structures and fuel
storage facilities are used to store materials and

equipment for airport, aircraft, and runway opera- g
tions. Airport tenant functions are spaces the
airport leases to approximately 90 tenants. The
lessees near the terminal are presently occupied by
private hangars and Lynch and Gillis Aviation. As
airport needs increase, leased functions would
undoubtedly be relocated, perhaps to the west end of
the airport complex where potential development of
private hangars appears most appropriate. Parking is

shown in an attempt to indicate the amount of area

necessary to accommodate present parking needs for
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long- and short-term automobile, employee, and car
rental.

Diagram - Runways and Vehicular Access. Air

carrier runway shown in black is the runway utilized
by commercial air carriers and general aircraft. The
runway is 150 feet wide by 10,500 feet long and is
capable of accommodating larger aircraft, i.e., 747's.
Basic transport and general utility runways are used
exclusively by general aircraft. Taxi is space
required for aircraft to maneuver to and from the
terminal and hangars, to runways. Aircraft land and
takeoff in directions dictated by current weather
conditions.

Vehicular access to the site is realized from
three routes: Highway 318 from the east, Highway 3
from the west, and 27th Street from Interstate 90
south of the city. The point where the three con-
verge has developed into a problem with serious
potential and will therefore be considered in the
design. Because of the expected increase in airport
usage, the entrance issue becomes an important
element within the airport design and should be
addressed in a manner which will provide a positive
solution to meet future demands. -

Diagram - Noise.15 Noise is without a doubt an

expected issue at airports. This diagram denotes the
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severity of the problem, though the duration of noise
is related to air traffic at specific times of the day.
Through proper location of the building a buffer
could be generated allowing the possibility of exterior
space. Because noise is an inherent characteristic of
airports, the building envelope must be given special
care, especially in detail to insure appropriate
control.

Diagram - Sun Path and Wind.'® The site, due

to its vertical location and absence of surrounding

6

structures, enjoys ample sunlight. This character-
istic might support large areas of glazing or atrium
space within the terminal. The site also is not
buffered in any sense from winter storms and wind.
Care, therefore, needs to be exerted to provide
barriers via walls or plantings to protect passengers
as they enter and leave the building envelope.

Diagram - Views to Surrounding Landscape.

There exist views in two senses at the airport site,
though only one, views to surrounding landscapes, is
diagrammed. Views in close proximity to the site,
particularly toward runways, provide site occupants a
very dynamic visual involvement with the airport.
The terminal should provide ample visual links toward

runways, internally.
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The site, due to its unique vantage point,
provides views to distant landscapes perhaps not
experienced from a less elevated location. From the
control tower the city and entire valley unfold
providing a unique experience. This can provide an
excellent opportunity architecturally to provide an
elevated observation space from the airport.

Views have been described as desirable, neutral,
and undesirable. Neutral views are those which,
apart from the aircraft activity, represent visual
access toward unbroken plains or residential develop-
ment. These views to the north are in no sense
negative but assume a secondary position in relation-

ship to views toward the south into the city.
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Due to the elevated and rather obstruction-free
location of the site, climatic characteristics might
offer valuable information affecting design develop-
ment.

"Billings, Montana, at an elevation of 3100-3600
feet above mean sea level, is situated in the border-
line area between the great plains and the Rocky
Mountains and has a climate which takes on some of
the characteristics of both regions. Its climate may
be classified as semiarid, but with irrigation and the
favorable distribution of the precipitation during the

- spring and autumn months, it is possible to raise a
variety of crops in the ar'ea."17
Diagram - Precipitation and Snowfall.18 Billings

receives on the average a little more than 14 inches
of precipitation a year with the majority of it falling
in the spring and fall months. Although the amount
of precipitation is low, there does exist the possibility
of substantial snowfall in winter months. The winters
are generally interrupted with mild periods resulting
in thawing of snow accumulations, but adequate space
should be considered for snow removal from parking
and pedestrian paths. ,
I The

temperature in Billings is uncommonly mild for the

Diagram - Temperature and Humidity.

region, especially in winter, as it frequently enjoys a
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"drainage wind moving down the Yellowstone Valley
which transports warmer air of Pacific origin to the ‘
area."”®  Summer temperatures are comfortably warm ‘
with mild nighttime temperatures. Humidity does not |
pose as a detrimental condition of the site but rather
helps maintain a comfortable environment, particularly
during summer and early fall. In part due to tem-
perature "and site orientation, interior green space
might be explored in an attempt to provide an |

inviting environment during winter months.

Diagram - Clear, Partly Cloudy, and Cloudy f

Days.21 This diagram reveals that the expected

conditions for Billings skies is partly cloudy,

although generally these clouds are not low lying. In ki

the summer months Billings enjoys azure blue skies
which provide a dynamic backdrop for a strong visual
image architecturally displayed in the control tower.
Sky -conditions also give impetus to interior green
space, though insulating thermal loss during winter

months would be necessary.
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Programming is much more than providing
required square footage for specific areas; it allows a
designer the opportunity to analyze information
gathered to develop an appropriate attitude or course
in which to respond architecturally. Because airports
tend to exhibit anonymous space, there has been an
attempt to first define the space and establish a
quality desired to provide direction as the design
process continues. Included within the program are
conceptual sketches which provide initial direction for
the airport's internal character. These sketches were
an exercise to aid me in graphically expressing verbal
intentions for a space; they are not intended to
depict the final architectural form, but rather the
mood or quality of space.

There does exist within the program assumptions
which were made due to the extensive research neces-
sary to address needs for specific airports. For
instance, airline operation space was treated in a
generic sense, and in actuality considerable time
would need to be spent with each airline establishing
an appropriate program which would most adequately
serve specific airline needs. Also waiting and holding
space vx;ere considered as lump sums of space and will
be more directly influenced by the terminal concept

adopted.
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The number of airlines now serving Billings is
five. The addition of three more airlines with twelve
gate positions was assumed so as to create a program
which would be challenging and require innpvation on
my part to solve site issues resulting from increased
spatial requirements.

it is important to address the means by which
the program spaces were sized. According to the |
accompanying diagram, a conservative growth rate for

the rest of this decade was assumed, which is con-

siderably less than the Federal Aviation projection,

which generally have proven to be generous and

unreliable. 22

From the 4% growth rate assumed, a figure of

450,000 enplaning passengers was calculated for the ,
year 1990. From this figure and information provided
by the Federal Aviation Administration,?> along with
an inventory of the existing facility, a hybrid :
program was developed. Due to the relative instabil-
ity of the airline industry, considerable effort would
be necessary to project a usable document for a
future airport facility, and the program to be utilized
can in no reliable sense be validated.

The program was in a personal sense a difficult
area of the design to resolve. In part this was due

to corflicting data and theories on sizing airports. |
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Extrapolating the existing airport or utilizing a theory
of airport planning carry with them problems and | 1
biases which are inherent. The most appropriate |
decisions can only be made by someone who invests 1
much time and effort in understanding not only the |
problem but specific needs of the people involved. It

is my hope that the final design reflects some under-
standing of the problems and provides a positive and

inviting architectural environment.
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PROGRAM SUMMARY

Lobby

Restaurant
Dining
Kitchen

Coffee Shop
Dining
Kitchen

Flight Kitchen

Pilot's Lounge

Lounge

Gift Shop

Retail Space

Ticket Lobby

Airline Operations (8 Air]ines)

Baggage Claim

Car Rental

Custonms

Airport Security

Office Space

Weather Bureau

Sigre b e
5,400

5,000
4,500

3,000
2,500
1,525
1,150
925
1,800
1,800
7,800
19,600
12,000
400
300
400
3,000

2,000
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Flight Service Station 2,500 !
Airport Manager/Related Activities 1,800
Waiting 5,200
Departure Gates (12) 21,600
Concourse Circulation 27,230
Public Restrooms 3,000
Loading & Service 4,900 3
Mechanical 14,700 il
Total Square Footage 154,030 il
it
Parking No. of Spaces
Short Term . 225
Long Term 470
Handicapped : 4
Restaurant ; 96
Employee 200
Car Rental 165
Total Parking Spaces 1,160 '

PROGRAM
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ARDIVING SPAES WILL HeEr To BE f—ﬂ_ |

POFFERED * '
MATERIALS pick PAVERS, SKYULIT O A 2
ATEIM . WooP v =resl_TRLESES,
OCCURANCY i e ) FRoM WA X

4eo [ e ENTRY

AREA REQUIRED
mfe0 ¢

1
!
J

N

PROGRAM







DESCRIPTION  RESTAURANT
SPACEAuzAm—m BE HOLUZED I\l CoMmROoL ToweR. UHKER TO TERMIYAL-

poLPINEG. ViIENs T ATy 1 AIRFiELD.

ges *PEGIOHALLY KIOW .
: TAURALIT WHOSE NFLLEMCE 1S CITY
wyu.exm:swel LMHIQUE  EXATIMEG (.apUaMBL soer) .

USER &EZAL meuc)l Paceereee.

TIME OF USE B ¥M-2.3.M. |

FUNCTIONAL CONCERNS greHes! 1o Be JACENCY ’
LXATED | FLOOE BELOW. SeZvIice 10 Wé 1
VIEWS ‘

in

out - > cnY*"szﬂa»O . i

3

ORIENTATION WOferH Souotd

VEsca-
LIGHTING HATORAL , IMCA
&
ACOUSTICS FAINIT leeedPeeel | | 1L Loagmes | oty |
NN |
-’

MATERIALS exeAee, Woor, CARPET, BELSHED Ib/h =
LPHOLSIREY, LATNCE Scess, MeAL = -

CCCUPANCY 206 SeATS * BATH -m}

15 /AT ‘
AREA REQUIRED =" |

gocoll oiHia
PROGRAM

(8%

4 soolf ypreher
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SPACE DESCRIPTION  COFFEE SHOP

ZATIMG FALILITY PRIMARILY For AIRFPORT TEEMIMAL USE.

TeAPITIOMHAL..
QUALITY cAsSLAL BRIGHT, e Axer

]
USER mwl pOBLIC, Al roeT T
TIMEOF USE Bam.-llem.
FUNCTIONAL CONCERNS PReXiMITY TO
SPRVCE DRIVE.

VIEWS

in wBex
out ALAMHESIPE

ORIENTATION EBAST C UIT VIA SKYUGHTS
o2 Areaum

LIGHTING HATURAL-, FLOVRESLENT 2
INCAM DEECaT
ACOUSTICS

MATERIALS DURABLE PrICY- PAVEFS,
MERAL |, WeoP | CERAMIC-

OCCUPANCY |80 ©EATS
12.2 ¢ |ceAr
AREA REQUIRED
- piHIHa

(A - o

, ESES, BALED S00PS, SAMVD WIcHE=,

oo MoE
=ALAP BPAE.

AlRLIME PERSCOMMEL.

ADJACENCY
| -——r": i ~
= - £k ;E : 3
| =eoreep e
P INING :
N Lees
|

PROGRAM







SPACE DESCRIPTION  FLIGHT KITCHEN

ovaLe WRere PIREPARATION OF FCoOoo For o BdArD

MEALD pURIHB FLGHTS . AT-THE Pdese-ir TiNe PRIMAEILY USeEP 5(
LIGRTR WEST op1epr AlRUHES,

QUALITY eppicrarr.

USER ARZFRT Pereor-El—

TIME OF USE LgeD w1 RerLdTiopr TO PUanrs
PROVIOI-E& MEALS eP2ouTe

CUNCTIONAL CONCERNS coorne pe 22X’ ADJACENCY
P corbvna-l W Corpele SoP O

S
in O AR

out pesarvaAsLe "f

ORIENTATION

221

LIGHTING wATORAL OB ARTVRACAL~

IR

>t

ACOUSTICS =vrouL L Be. porreza— z F
FroM cumsirpe O ADJACEMT ANvIMES i

MATERIALS ouzser e

)

OCCUPANCY

AREA REQUIRED |525% =

|
PROGRAM




SPACE DESCRIPTION  PILOTS LOUNGE
HPALE FOR ﬂwre‘k%m'cuza»/mmx PETWEEL AIPCRAET DEFARTLERE |

QUALITY va\ajc.ws\qu—, ZELAXING | WARZM.
USER A | PLiGHT clrew
TIME OF USE PRriceT© AIRCIRAPT DEFARTUZE,

FUNCTIONAL CONCERNS o9ors exe 1o 82 ADJACENCY
AULOCATED FOR. REXZocMeS | PERHARS A QoM MistnoM
13@\/1\’/%&—\ OR O ALLOWOUL- BeVERATS :

n I
out pesirABLE &OTHI o AIRFBELD 1

ORIENTATION eouLtH

== = |
LIGHTING MaTorAL 102 ARNEIAL z |
Kircued |

ACOUSTICS Auow guier coversATIad 1 oG ’

| |
MATERIALS woe2, MBYAL- CARFET == BaY.
COMFORIABLE ToRe : i e~y
OCCUPANCY b i ya

lz -20

AREA REQUIRED

\Isog | |

PROGRAM




SPACE DESCRIPTION LOUNGE
rALe WaaZe. PUBLIC. CAD PELAL BERRE FUGHT.

LBVALLY SerYe ALCHOUL- PEVERAGT=

QUALITY aan) v 8y, CASLA L
USER AoBLiAC
TIME OF USE | AM- L1&M.,

- FUNCTIONAL CONCERNS ADJACENCY

VIEWS
in
out NOT PESIRABLE =

ORIENTATION e |

LIGHTING ARTIPAL- &

ACOUSTICS Auew ®OIeT CoNEREATIO

MATERIALS poRABLlE 1@9"—'( MAMTA|MED

OCCUPANCY 7% I2.5% / sccispmrr

AREA REQUIRED °|z.=.>q;

PROGRAM
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CE DESCRIPTION GIFT SHOP .
'22«\@ oz LG SooveriRs HEWSPARERS, WASAZILER T orher.

HoveLne=, gegieridL 'ppwczumve POBLICATICNE

QUALITY @RIGHT, INVImeE .

USER PA%% lmml_z 12® ~ B (&% TA\W}-E—
W‘}-&/
TIME OF USE 2a.m-9 pmM.

FUNCTIONAL CONCERNS <¥ALE FOZADERMIE.  Ap ACENCY
a oM o prEeveMTr croooriNe
SNONZAEE
VIEWS
in
out per cERIRABRLE

ORIENTATION , .
SToBASe. %
LIGHTING AznetcAL - = GIPT | SHOP
V4
ACOUSTICS ALLOW HCBMAL - CEANERSATION 4
L*‘ /
N
MATERIALS pUmABLE. J6siLy MALTRINED =
> e o

OCCUPANCY 2p-20 S

AREA REQUIRED haooq:

l;z00 PUOOR. ADEA
oo SToRASE.

PROGRAM



i @2 oosae RN e s e s e R SR P

SPACE DESCRIPTION RETAIL
SPALE. o CTHEE. PEMIL PUeriosS, SUCH AS! BAYK, BAEBEE SHOP, CAMERA SHoP,
cAPO( STOZE | S¥0e SRV, ALoweR SHOF) IMSORAMCE VgDV, erc.

QUALITY vrPTe Pleceetic oF PEIA (L. OCOSFALT BUT COMPATARLE WHrH
AZFTET QUALTYY

USER peerm L perearrreL

TIME OF USE @a.m- 9,ppm.

FUNCTIONAL CONCERNS ADJACENCY

VIEWS

n
out por ESCABT

ORIENTATION

- LIGHTING riFcAl-

ACOUSTICS Aulow MeRMAL . CaiveErsAT-) {

MATERIALS DURABLE | EASILY MAIMTAIHETS

OCCUPANCY

AREA REQUIRED g0tk  MAr pe o1viceP
IMre SMALLEE. OIS

PROGRAM




SPACE DESCRIPTION TICKET LOBBY : -

& TICRET CouvrrTeiz, AULOWS DEFARTIVG vasm SSEHGERS
JAC{A@“T ?Eeﬁ&lzz t:ozﬂ‘\cwrn-‘& ‘ PASCIAGE PRoceesIMN& AT FARTICLOLAR
AlRUAME .

QUALITY IMIVIMING , BRIGKT, WARM, INFORMATIVE

USER DEPRRTING FASSEMCIERS AMD THOSE SEEKING

PLIGHT IMFcRMATIoH
TIME OF USE P To AIRUIFE PERPTUEE

FUNCTIONAL CONCERNS gcoM MusT BE ADJACENCY
AULSCATED FOorR QUELIME | CARCLLATION
AVD SeATIME : ’ l

VIEWS
in To WAITIMNG, Lo’ 1

out - HoT MECESEARY TG

ORIENTATION - eOUTH Foe CPTIMUM - A
LIGRTIVE _ g

B
LIGHTING - YJATURAL- O INCALCEECEHT B 1 S EaER

ACOUSTICS -rerernalLY A Ve : LoBBY nea |
Caavezeana ae:rngass a_;a . As;ﬁlue — — Bl
ALN Cod : < 7\

MATERIALS expcy paveRs, woor
MEAL, GLASS, DURABLE ¥ CLEAMABLE SPFA,

OCCUPANCY TYPICAL FEAY- HOUE- e PLAMIMG
FLOW, 4950 PASSEMEERS

AREA REQUIRED
MIDIMOM Bocott  (1,8c0t)

PROGRAM




TICKET LOBBY




SPACE DESCRIPTION RESERVATIONS

OFHICE UMKED TD PASSEHGER. SeRNCE CoMTEL-
S WHICH ISFORMATION PERTAINING TO POTUORE FUGHTS

. ADMIMISTRATIVE. § BoOKAHE CF FLAGHTS,

QUALITY peressTeMT & —o B ATTHUCE CF PARTICOLAE.
AlZLAHE.
USER Al e repea -8

TIME OF USE AlgreleT Bsivess HoOrS

FUNCTIONAL CONCERNS comesreR DSPLAT  ApJACENCY
ocONES WiLL B LUSED

VIEWS |
in PACEBEWEER. SEPNE coMTe

out T \IESSARY

ORIENTATION | |

LIGHTING AZNEICAL- &
B WL
ACOUSTICS ALLOW ICBMAL QO-MEZSATIH s = 19
cee

: i jatoree BACIEAcE
NOSE PEIVE GRVERATED By AQMCEHT *l ,_j\_/;ﬁ

BECUPANGY -7 __ COUNTER. -

i¢ Loy

AN

AREA REQUIRED [20%/Aletire
S Apues zdotd AL CIRCOLATION

PROGRAM




CE DESCRIPTION OPERATIONS
Cs;/;w SPACE. LD W CAALLOCICN WITH BaAGieiAGE

PpoCESSIE AT CONTER . ADMINISTRATIVE, STORAE.,|
CiTA ProceSeI-g

QUALITY erPPiaeT, PUNCIIONAL
USER Atml%wa/

TIME OF USE perPaoeir UroM AlRUME AP

PUEHT Erequercy
FUNCTIONAL CONCERNS eAey ALEESTO ADJACENCY
PAMEIAGE COONTER.

VIEWS
in - TO PAGGIASE COLHTEE
out- poT HECEESARY”

ORIENTATION -

LIGHTING sLoAKSESCEMT 2 |

ACOUSTICS PoteTIAL-"TO B8 A LOLP

eMEOSMEMT | PUPFEE HECESEARY TO 1
ADIOWI-E1 SPALES T i
I
|

MATERIALS  puRABLE AD E26iLY
CLEAV D

= |
OCCUPANCY ,_ :

AREA REQUIRED  rsodi| AlzuUME
& A upeS —

PROGRAM




oACE DESCRIPTION CUSTOMER SERVICE
gﬁlgcaD B D COMITEPSFACE WHERE IIMFORMATICH ALD GRIEVAHCES

OCLVE-.
QUALITY INFORMANVE-, INVITIMG | NOT INTIMITATING

ASCENICEY.
USER AIRUMNE PeBSOMMEL, mauc,'[mzupa P

TIME OF USE AIRFDET ELSIHEES Hoves
ea.m.—ﬁp.m.

FUNCTIONAL CONCERNS ‘ ADJACENCY

VIEWS
in to PUBUC SERVICE CoREITORE

out MoT NeceeeARY

MATERIALS pogdele coMTEE MATERIALS

ORIENTATION ¢

LIGHTING RueorescedT =
ACOUSTICS Aulew HOEMAL Con VEZSATIa =2 &

o oo | ~N

OCCUPANCY ? ﬂ%

AREA REQUIRED ‘5041/#«!2—14“5 l l

gAIRLIMES
PROGRAM

\c4odt




SPACE DESCRIPTION PASSENGER SERVICE gOUNTE? APOCESRANIC
COOTER. SPACED VSED BAGSIAGE
. THCLODES cxmlkna—' SPAE GERIMD COLMTERE S

Iwa,uA& RUELILE SPACE PRICZ TO COUMTER.

QUALITY
RN IERNS
USER AIRUIE PEZSOH-EL, TA

TIME OF USE  PRACZ. —TO A|RCPART DEPAETURE
AS WELL AS AIZFORT BUSIHESS Roups
"ur CTIONAL CONCERNS evae (') For ADJACENCY

POTe- TEZMIML EQUIPMERT | |
o FE AvATABIE %

VIEWS
in LO%Y
out RESIRABLE REEPATHS PATELS

ORIENTATION

LIGHTING MATUBAL oz hWcAHPESCEHT

I S m.
ACCUSTICS opAE WA POTEMTIAL ~ S
m%m Holey. MLST ALLON VOZMAL - |
eRsATio” T LU - : .

Ty OozApLE { ALY MAINTAINED == B rx
OCCUPANCY 180 PT CF UHEAR GUUAITER. Ly NG faa
feqoer | MIDIMLM) . N (v
AREA REQUIRED 2 Alzuret> -~ 3CPT/Apure ‘ CliAnad| |7
740 UIWVEAR. PT. ; '
o R e [ —
1E MIMIMUM B \eoodl - B AlpuES PROGRAM

B O R R R e e e T e e e e e e e




SPACE DESCRIPTION AIRLINE MAN.
OFPICE. FOR BALH AlRUME MAMAGREE. SPECIAICALLY”

roR ADMIM ETRATIVE DOTIEDS

QUALITY TePLET [MAgE AFPPROPRIATE
R THEe PAERTICOLAR. AIBLIME

USER Alguine pereor DEL

TIME OF USE AIRPeET Bubivest HOLRS
gam.-Bp.m.
FUNCTIONAL CONCERNS j ADJACENCY

VIEWS
in To e [rBel
out CesirABALE

ORIENTATION T2 AlRFIELD (MOBTH )

LIGHTING \WCAMDESCEMT, HATURAL. 02
WAEZM fLooreeceEMT
ACOUSTICS ALLow HORMAL - Comversaniay) ég_,mj MALIA

MATERIALS cererpeMr URe AlRUME
PREFEREVE V' e

OCCUPANCY maraeR, posuic (2)

AREA REQUIRED |5oq:/ ARUME
BAIRUMHE. - |2d40f

PROGRAM




v———fﬁ ' 7——

SPACE DESCRIPTION ~ SECRETARY TO AIRLINE MAN.
SEZFORM CIUBRICAL ‘mmwe ooTIES

QUALITY IMVITING BoT MAITAIMIVG A
PEVATE CHARACTER-

USER seceETARY | PUBLC

TIME OF USE AIRPORT BLSIMNESS ROLPS
gam.-Bpm.
;g%%r\gléggg@vip %065 PROXIMITY ADJACENCY
MAMAEIEZ AIRLIME
VIEWS
in > AIRUHE MAPAGEYL

out veSIrABLE

ORIENTATICN

LIGHTING MATLRAL. , |ISCANDESCEHT, 02

WARM FLovresce T [ ¢
ACOUSTICS MUST ALLOW HORMAL-
CorvereATIor

MATERIALS (UABLE) : :

OCCUPANCY |-Z

AREA REQUIRED 150t (Alpure
BAIRUNMES — (2400 l

PROGRAM
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ESCRIPTION BAGGAGE PROCESSING
% gbw tor. BAGGAGE. HOLOIME T20RTIHA PRIOCZ TO LOAPIMNE

oM AIZCRAPT. T —THE MUCTIFLE LEVEL SYSTEM TO BE ADOPTED
BAEEACE PROOEEE VG CLors OF TTHE APea LEVEL . PAEBIACE APTEIL-
CRECENE (M B THE PRSNGSR MUST e LOWEREDD | LeEL Y4 AH BSCALATED
QUALITY ginenadAL~ PELT STSrEM

USER Alguare peesoMrMel

TIME OF USE AzAc2 10 AlRCIRAFT CERAETORE

FUNCTIONAL CONCERNS MusT g&. A SPALE ADJACENCY
THAT ALLOWS EASY MAMOVERNXG OF BARSASE

VERICLES. o | 41
VIEWS :
in l N
s ’ A ToAIece

ORIENTATION -5 AlRCRAPT AP
(oer H) . »_‘g N ﬂ‘?ﬁm
LIGHTING MATORAL G2 ARTIFICKAL T

ACOUSTICS Louvp BxVIEoMMEMT &5 ’ ,,
WOOLD pEsolT FrzoM VEBAICLES MOVIHA [ cxtosien oPFICB
=

M AUD SUr OF SRACE iz
MATERIALS o songs £ ALID BASILY CLEAMER e

PEFACES | 1
OCCUPANCY e FeoM

AREA REQUIRED |50t /Alpuire
8 AIRUIMES ~ [2,400q1 TOTAL

PROGRAM




QUALITY WELL CREAMIZED | INFORMANVE,, IIDVITT

%\wal'n-\ AL Lo

CROAATION T AMD PEOM SAGCAdE MECRADISM T2 e R EABILY,

USER pEALAMIVE PACEBEM SRS Ao WELL AS THCEE CoMIVE TD
MZET AU ARRAVIVE PAcEe-EER. :

TIME OF USE  ocop APTer- ARBMAL | DERLANILE) CF AIZOPAPT .

FUNCTIONAL CONCERNS cApe Muexr BE TAKeH ADJACENCY
1 ALLON CIRUAATEM THROCER THe SPAE. .

VIEWS o wew Wiose, WFoRMenoL CepTeR.
N CAD PEMIAL, ACLOMCOAIAE BAT. RS

out Apreer exir, PRk —
J =

/%

ORIENTATION RN

§
LIGHTING MATURAL | ARTTRGAL- s EEDTE

ACOUSTICS - SPALE WRICH WL 22

MATERIALS CumAsLE, ey CRTILE FAGKES, =
NCOD) METAL- , PLALITIHE! AZEES . ,

OCCUPANCY  4eofnz .

AREA REQUIPED CEReEDEST LRY XHEME CA Al
|

LNUZer FAA cugeiesT (2,008 M) !
\z.ecoq 2,600 EXISTINE AIERET )




SPACE DESCRIPTION CAR RENTAL
LPALE WAYERE CAR Zel-TAL- AceHCies BeMT AUTOMOBILE TRAUSFROPIATICM

To PresNET2E | PUBLIC.
AVIS, HERTT, HATIQUAL ) Bucee -

QUALITY oeraeoer ofomd IBPMPOAL rererey’

USER CAR REeMTAL Pepsct--el

TIME OF USE RoURS MAY VARY BT SRouiue nNCULPE TIME
Aeice. TO { <00 APTEE. FLGHTS. VP To Disceerial OF SreEdrc

Acgevey ; '
FUNCTIONAL CCNCERNS A oot WitH AMAE ADJACENCY
cOOMER. SPALE VBAE PASHAQE CLAIM .

VIEWS
in- T PAGGASE CLAIM
out &XIHr AN

ORIENTATICN

LIGHTING 1ATURAL CF ARTIFICAL | | e

ACOUSTICS - LoCATER It BASSASE QAU W
WACH Wil PEA MOey” eNvieouMErT - | |

MATERIALS ArdpLE

OCCUPANCY y

EX

AREA REQUIRED |odh JAesacy |

4agericy — 4ol | |
PROGRAM




SPACE DESCRIPTION HOTEL ACCOMADATION % ARRALGEMEY TS
(COMTELDPACE WITH EEfHoES W Mage

e ACLOMODAT IOMS -
QUALITY (HFORMATIVE

USER PERLAMING FAeSE&EE.

TIVE OF USE APTER AlRCEAPT AREINVAL

FUNCTICNAL CONCERNS gHeuLr B2 ADJACENCY

UWEARZLY YiSiBLE WITH WALL SPACE FoE-

rowel ADCZTISEMEMTS.

VIEWS
in e
out

ORIENTATION

LIGHTING

ACCUSTICS cArRe Muet 2e TAver SO
AaiE copver SAaTio- CAp occutz 1
THE PAGGASE CLAM AZEA

MATERIALS
olrABE

OCCUPANCY

AREA REQUIRED 20 pt. oF CoO-HEE. |
SPALE .

PRCGRAM
I e




%é”ﬁ%i@ P%%T%@ cLesoMs . ARBA LHCER. PEPERAL- ILBISDICHIOM
PR ForEIGH COLHTIAES DeClARE SASEABE AU

%im =5 Sls gl n B COHCERIS ) APMN!&(ZMTN? AOME -
QUALITY

USER

TIME OF USE

NCTIONAL = (B Alpreer CAM y
‘FU ok, CONCERgg }JESD + i ADJACENCY

HSPECT MereE THA PACS

OF ENMBY, COSBMS OCCLOE 11V THE AIPCERFT AMD HoT

VIEWS THE TERZMIMAL BULILDIVG .
in

out

ORIENTATION

- LIGHTING MATUZAL o2 ARTIFICAL—~

ACOUSTICS ALLew UORMAL cor-NEZDATIA-.

MATERIALS STAMDA R OPFICE MATEIRZIALS

OCCUPANCY |_2,

AREA REQUIRED
2rofs

PROGRAM




SPACE DESCRIPTION  SECURITY
cPACE ALUD ADMIMEARATION SPACE FOR. AIRFoRT SOty
ARFOEE 161D ACT AS CEMTRAL CARER FOIMT OF I(WRERMATIGH Fers~Hel—

{eoRITY DEFATtes
QUALITY  eEpriciedT poHcriqQal SFAE

USER AlEREr Setieity pesori-ie
TIME OF USE Z4 v

FUNCTIONAL CONCERNS comprer EQUIP, ADJACENCY
Lo S

| D\ePATCA Y
| VIEWS
E in
| out PeivABRLE e
.
ORIENTATION | \ - Locvees
LIGHTING M ATURAL-OR ABHIEICAL. ’ | -
cueme | /o AE;JS
ACOUSTICS AlLow MERMAL CoveERSATT .
= = : N
MATERIALS pULRABUE Fa ‘
\ clpa {
OCCUPANCY
AREA REQUIRED 4o T
PROGRAM

S 2 2




e - e

SPACE DESCRIPTION OFFICE SPACE
GPFICE SFACE TO BE UTILIZED BY POHCTioMs HHOT SPRUFICALLY APPRPESTED.

QUALITY LP To peceenad OF SFPIce CCCLRAMT BUT MAIVRpJ A COMPATABLE
AZCATECIUBAL- @MMEO MEMT .

USER

TIME OF USE AIRFORT BLSIHEES Lo RS
ea.m.-spm.
FUNCTIONAL CONCERNS cxpice SPACES ADJACENCY
SROVLD PR LOCATED - clLobe PRaXIMIY
EALH oier

™
VIEWS

n - Losey (asecer) =
out~ DEesICABLE

ORIENTATION HORTR OZ ecLti ey 3

LIGHTING MATURAL cE ARt PICAL orr. || el A1§
%

regpLIREMEMT
MATERIALS uPto blecretia) <F EEE-.

ACOUSTICS STAHDARP COFFICE ALOLeTi— : w;j |
Sor.

OCCUPANCY " ~ g
| e |

AREA REQUIRED @& m SPALES MUB : i

PROGRAM
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SPACE DESCRIPTION WEATHER BUREAU
opaLe Where FoRMATIO- ABOLOT CORREMT WEATHER. CaoHioNs ARE

CATALGED AP MADE AVAILABLE O PUBUC METIA ‘TPU&H‘I"?,@HCZ erAna-.

QUALITY - CERRIDHT UFe BEQUIPMEHT AHD PHcriorAL-
caeh
USER WeATHER BIZEAD PERSOM-EL

1 TIME OF USE z4Hpe

FUNCTIONAL CONCERNS apace ¥or oege-r  ADJACENCY
SATE CF THE. ART CLAMATOLORICAL DENICES SHOLUD
WEWS '

in -To FUEHT serVice, STATa)
Oul Dea\rABLE. v |

ORIENTATION wogtH o2 oUtH = e o

. i |
LIGHTING MATURAL (2 AETWAL- j » - |

éﬂ‘Aﬂan '__g}__i_
ACOUSTICS ALLOW MERMA, COMNVERSATI - v ?‘ j
x =0
B R :
MATERIALS pURABE £ 5 |
: g \
OCCUPANCY emempmmr
AREA REQUIRED ., &
PROGRAM

__L;_




SPACE DESCRIPTION FLIGHT SERVICE STATION
O WEATHER AMD PLlefiT |HFORMATIOY

MERT A THAT Peovi

~DERIEZAL AVIANOH | Alg CAREZIEE- or MILITAR( PILOTS. (eefe RELORDS
F PUGHT AAKS [0 AVD OUT OF BALLIMES |

QUALITY InFoRMATIVE

USER AvroreT mesa-’pa,irawrs ‘
TME OF USE  24HRs

FUNCTIONAL CONCERNS cio=e AR

& WEATHERZ., UNUIES coMPUTER. ERVLP.
VIEWS

in 1o WeATHeR BUREAD
OUl | RABLE

ORIENTATION Momrd cz Se#
LIGHTING MATURAL | G ARATPICAL

ACOUSTICS ALLOW NORMAL coveEzsanal
MATERIALS porarte [EASLY MAIMTAIED
QCCUFANGY

AREA REQUIRED Lsoo:{:

ADJACENCY

PROGRAM
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SPACE DESCRIPTION AIRPORT MANAGER _
APMIVISTRATIVE. PLLCTIONE OF TRE AIBROET OLce. HERE.

QUALITY 1VITING | DRLARED, COMSBIZVATIVE,, REMOVED F2OM THE ACTWHY OF THE AEroer

USER AIRFET MAHAgeR. | Pusuic

TIME OF USE Aipperer BUsAMEES HOURS

Ba.m.-Bp.m.
FUNCTIONAL CONCERNS (i oz mbxww ADJACENCY
TO COVPERER\ME. CTHER. ADMIMISTRATIVE CFFICES
AMD oec|eeC
VIEWS
in oec|rec

out DeAeARLE

ORIENTATION “aprd TOAIZPIELD

LIGHTING panozaL azARN PICAL

| A | -
ACOUSTICS MOZMAL- Corveeart- | M kirvi® Cild Bl :
ST [ 7 o
MATERIALS cagPer, woor, ErPsum Bo=P IL réEw ST a
WAL capsTRIXT PAIHT COMBSZIABLE POBM. |
WooPr DEeGk- , PAVEL.
OCCUPANCY ' e
\-4 !
AREA REQUIRED .
5 o |
PROGRAM

= 4 e - e




B o

SPACE DESCRIPTION SEC./REC.
M PBAAC | BB EES e
QUALITY paBAXED, IMVITIHS,

USER SecwerdRy, POBUC | BUSIMEES Clless

TIME OF USE Arrerr BOSIEES ~oUr=
Sam.—Spm.

FUNCTIONAL CONCERNS o rop cEATIE  ADJACENCY
Ae ww/ AS comprel ﬁm
VlEWS

wmwmeeczzm CAL PEZFORM CUSEICAL poncrtrs | eecePTion

in AZRRET MALASEE

out pesIABLE

ORIENTATION

LIGHTING WATURAL-Ce ARTI\FICAL.

ACOUSTICS ALLON MOMAL CO-YERSATIY

MATERIALS CABPET WOAD PLRARLE. |

EASILY MAIDTAILED, PAIT-

ol AT MAMAGER
/
- A ;
{: e I/ e ! 2
7S DAL

OCCUPANCY

I-10

o

)

AREA PEQUIRED
oo %

PROGRAM




SPACE DESCRIPTION  OFFICES (ADMINISTRATIVE) _
BrAT ALID O OTHEE.

OEPICE SPACE FOR AILFORT MAMAGBE. Aco
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GATE-ARRIVAL
Gate arrival is the simplest terminal concept. It
is an attempt to consolidate all airline functions into
one building while minimizing walking distances for
passengers. In major airport systems multiple drive
to gate terminals are utilized resulting in a decentral-

ized airport system.

PIER FINGER

The pier finger concept is the most frequently
used presently. Processing occurs in a centralized
building with aircraft gate positions located along a
corridor. The pier finger concept allows easy
expansion without disruption to the processing area
by the addition of another pier finger. This concept

" provides large passenger-processing capacity without
excessive land requirements.
PIER SATELLITE

The pier satellite concept is a modification of the
pier finger concept with the finger terminated in a
rotunda structure with aircraft gate positions encir-
cling. The advantage cf this system is that more
space is available for easy assembly of passengers
and is an attempt to reduce horizontal distances

traveled by passengers.

TERMINAL CONCEPTS




REMOTE SATELLITE

In the remote satellite concept allowance for
aircraft to park around units separate from the main
terminal occurs. Some processing (ticketing, passen-
ger assembly, aircraft loading and unloading) are
performed at these units while the rest of the
activities (baggage check-in, baggage claim, etc.)

occur at the main terminal. This concept allows
partial decentralization of processing activities. It
permits flexible aircraft movement. Conveyance of

passengers occurs below grade.

MOBILE CONVEYANCE

Mobile conveyance systems allow aircraft to be
parked at remote stations away from the main
terminal. A mobile conveyance system utilizing
special buses or mobile lounges is used to take
passengers to and from aircraft. The main feature of
this system is independence between aircraft opera-
tions and terminal, and it allows flexibility in future
aircraft modifications.

COMMENTS

These concepts, while simplistic, define in
essence contemporary airport schemes.?4 Most air-
ports incorporate a number of systems or utilize one
in multiples, resulting in terminology such as consoli-
dated, decentralized, etc. There does not exist,
though, much information about appropriateness cf
these schemes for specific airport needs.
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As airport passenger volumes increase circulation

becomes an issue of greater importance, particularly
in vertical stratification of the building. In the
accompanying diagram three simplified vertical
schemes are examined.25

In the one level scheme which is presently
employed in the Billings airport, airport passengers
after checking in and baggage processing proceed to
a second level via ramps, stairs, escalators, cor
elevators to waiting and gate positions. This scheme
is advantageous and widely used because passengers
are on the same level as aircraft entry which occurs
through jetways, which are mobile telescopic circulation
devices. Baggage remains on the apron level to and
from aircraft.

The multiple level system A is a scheme which
provides minimum vertical movement for passengers as
they enter the terminal at the same level as aircraft
entry. [Baggage after processing must be brought to
the apron level. This scheme is useful if inherent to
the site is a grade change of sufficient slope to help
alleviate unnecessary site excavation. The site at
the Billings airport is relatively flat and would not
adapt to this scheme readily.

VERTICAL CIRCULATION




Multiple level system B is an attempt to separate
arriving and departing passengers. This scheme
separates opposing streams of traffic. Enplaning
passengers arrive via an automobile ramp-up system
to the same level as aircraft loading. Baggage as in
the previous scheme must be lowered one level to an
the apron. Deplaning passengers entering on aircraft
level proceed one level down to baggage claim and
parking, which can occur on grade or underground.
The advantage cof this scheme is the separation of

traffic flow.

VERTICAL CIRCULATION
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Aircraft utilizing the Billings airport are of two
types; general aviation and air carrier. General
aviation aircraft are not explicitly examined because
all classes are represented at the Billings airport and
their dimensions and passenger capacities are not
crucial elements to the airport design. These aircraft
do not dock at the terminal, though they account for
a substantial amount of traffic; 400 aircraft operations
per day. Air carrier aircraft are those flown by
commercial airlines and become very important
elements in the terminal design. Within the infor-
mation provided is data and development of aircraft
presently serving Billings. The Boeing 757, though
not presently utilized, is believed to be in operation
by Northwest Orient Airline later in the year. Also
included is a brief synopsis of the major airlines
serving Billings.2®

Aircraft directly influence the terminal in regard
to gate positions. For the purpose of the design the
gate position will be designed tc accommodate the
larger aircraft, although Big Sky's Metroliners and
Cessnas would utilize gate positions. This decision
will, therefore, result in an airside terminal interface

of greater length than would be necessary.
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Fairchild-Swearingen Metro
USA

The following specification refers to the Metro Il

Power Plant: Two Garrett AiResearch TPE 331-11U-601G turbeprops
each rated at 1,100shp for take-off, using alcohol/water injection
Performance: Design operating speed. 285mph (459km/h) CAS/Mach =
052, max speed, 345mph (555km/h); max cruising speed, 319mph
(513km/h) at 10,000t (3050m); initial rate of climb, 2,440ft/min (12-4
m/sec); range, 19 passengers, baggage and 45-min reserve. 714mls
(1149km)

Weights: Typical operating weight empty (with two crew, avionics and
unusable fuel), 8,737Ib (3963kg): max useful load, 5,463Ib (2478kg); max
take-off and landing weight, 14,000lb (6350kg). max zero fuel weight,
12.500lb (5670kg). :

Dimensions: Span, 57ft Oin (17:37m); length 59ft 4%in (18:09m); height
16ft 8in (5:08m). wing area, 309sq ft (28.71m?).

The Metro was designed by Ed Swearingen to meet the needs of the third
level airlines, and was the first product of wholly original concept produced
by the Swearingen company, which had taken the Beechcraft Queen Air
to provide the basis for a series of business aircraft named the Merlin |,
I1A and 11B. When the Metro was developed, as a 19-passenger transport,
a version was also offered for business use, with up to 12 seats in an
executive interior. Swearingen was acquired by Fairchild Industries as a
subsidiary in November 1971 and the company name has subsequently
changed to Fairchild Swearingen

The Metro first flew on 26 August 1969 and entered service early in 1971,
the first major operator being Air Wisconsin, which had a fleet of 10 by 1977.
Progressive improvements have kept the Metro in the forefront of the US
commuter market and more than 200 had been sold by 1981.

During 1974, the Metro 2 was introduced, with square windows and
some internal refinements, plus optional installation of a small rocket unit
n the tail to improve take-off performance in hot and high conditions.
Like the original model, however, this was confined by the provisions of
FAA regulations (SFAR 23) that restricted to 12,500lb (5670kg) the gross
weight of aircraft to be operated by US commuter airlines

This weight restriction was relaxed by Special Federal Aviation Regula-
tion (SFAR) 41, and, on 23 June 1980, the Metro became the first aircraft
to be approved by the FAA under the provision of SFAR 41. As the Metro
I1A, with a number of additional safety features as prescribed by the FAA, a
maximum weight of 13,100lb (5941kg) was approved, but to obtain full
benefit from the new regulations for commuter operations, a more extensive
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Above: Three-view drawing of the Metro I/, which introduces a
wing of greater span than that of the Metro Il previously built.

modification of the aircraft was required. This led to introduction of the
Metro Ill, the major new features of which were uprated engines and a
longer, stronger wing, associated with a gross weight of 14,000Ib (6350kg)
There was no change in fuselage size or passenger accommodation. as
before, the aircraft was approved for up to 20 passengers. but in US opera-
tions the effective limit is 19. since a cabin attendant has to be carried if 20
or more passengers are enplaned.

The new wing of the Metro 1l was 10ft (3-:05m) longer than that of the
original Merlin, with conical-cambered wing tips to reduce drag and
structural strengthening matched to the new weights and flight loads The
engines were Garrett AiResearch TPE 331-11U-601G turboprops, with an
optional continuous alcohol/water injection (CAWI) system for those
operators requiring the best field performance in hot and high conditions:
respective dry and wet ratings of 1,000 and 1,100shp were each 160shp
higher than those of the TPE 331-3UW-304G engines in the Metro |l

New Dowty-Rotol supercritical four-bladed propellers were adopted and
the nacelle lines were refined to reduce drag and to improve accessibility
for rapid engine changes. Another drag-reducing modification concerned
the main landing gear doors, which now close after gear extension, as
well as retraction. As a further development of the basic Metro lll. the
company announced during 1981, for 1983 delivery. the Metro 1A with
Pratt & Whitney PT6A-45R engines and gross weight increased to 14 500Ib
(6576kg)

Left: A Metro Il in
the markings of
Tejas Airlines, a
Texas-based local
airline that was
among the first to
use this commuter
airliner. Progressive
development led to
the.Metro lll in 1981,
with extended wing
span, and to the
Metro llIA (first
flown on 31 Decem-
ber 1981).
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- Boeing 727
| USA

The following specification relates to the Advanced 727-200:

Power Plant: Three 15,000Ib st (6804kgp) Pratt & Whitney JT8D-11 or

156.500 Ib st (7030kgp) JT8D-15 or 16,0001Ib st (7257kgp) JT8D-17 turbo-

fans.

Performance: Max cruising speed, 599mph (964km/h) at 24,700ft

(7530m); economy cruise, 570mph (917km/h) at 30,000t (9145m); initial
| rate of climb, 2,600ft/min (13-2m/sec); service ceiling, 33,500ft (10,210m);

range with max payload over 2,800mls (4500km).

Weights: Operating weight empty, 100,000lb (45,360kg); max payload,

42,8001b (19.414kg); max take-off, 209,500Ib (95.027kg).

Dimensions: Span, 108ft Oin (32:92m); length, 153ft 2in (46:69m):;

height, 34ft Oin (10-36m); wing area, 1,700sq ft (157:9m?2).

Design studies to evolve a medium-to-short range partner for the Model 707
were begun by Boeing as early as February 1956, two years before the first
707 entered service. Many configurations were studied, with nearly 70
alternatives actually reaching the stage of wind-tunnel testing, but maximum
commonality with the 707 was one of the major design objectives, in order
to achieve economy in first cost and operating cost. Boeing designers
eventually concluded that a three-engined configuration best suited the size
and performance requirements, and the new type therefore evolved along
lines closely resembling those of the de Havilland 121 Trident which was
intended for the same segment of the airline market.

After three years in Preliminary Design, during which time the designation
727 was adopted to continue the family series begun with the 707, the new
transport became an active project early in 1959 and all major design
decisions had been finalized by 18 September in that year. For another
twelve months or so the favoured engine was the Allison-built version of the
Rolls-Royce Spey, but the Pratt & Whitney JT8D was eventually chosen, and
in this form the Boeing 727 moved from project to production on 5 Decem-
ber 1960 when United Airlines and Eastern Air Lines each ordered 40 exam-
ples. Boeing expressed its confidence in the future market for medium-sized
aircraft of the 727 type with an estimate of sales totalling at least 300; by
late 1981, however, the sales total stood at 1,815, making the 727 the
world’s best-selling jet airliner by a substantial margin. More than 100
airlines had by then purchased examples of the 727 from Boeing. three of
these each having acquired fleets of more than 100, and many other

| operators had acquired examples on lease or through second-hand
i purchases

Commonality with the Boeing 707 included the entire upper lobe of the
fuselage, based on a cabin floor of identical width and therefore permitting
the use of the same interior arrangements, and similar flight decks. Special
attention was paid to the field performance, and the wing design incorporated
the most advanced high lift devices ever adopted for a commercial transport
at the time the 727 was launched. With a sweepback of 32 deg, the 727's
wing had leading-edge slats and flaps, triple-slotted trailing edge flaps,
inboard (high-speed) and outboard (low-speed) ailerons and flight and
ground spoilers. With accommodation for up to 125 passengers (high-
density) the 727 was designed to operate over stage lengths of up to
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Above: The Boeing 727-200, developed as a stretched-fuselage
version of the original design and soon established as the most
popular of the two.

1.700mls (2736km) and to be able to fly from 5,000ft (1524m) runways.

The first Boeing 727, in United colours, flew on 9 February 1963 from
Seattle, followed by a company demonstrator in Boeing's canary yellow and
brown house colours on 12 March. With two more production aircraft soon
joining the flight test programme, FAA Type Approval was obtained on 24
December 1963 and the first commercial service was operated on 1 February
1964 by Eastern between Miami, Washington and Philadelphia, followed by
United's first service on 6 February. Later in the same month, the first export
delivery was made, to Lufthansa, and the German airline flew its first service
with the type on 16 April. Thus, the Boeing 727 completely eroded the lead
that the D.H.121 Trident had gained with its go-ahead in 1958, and was
quickly to achieve ascendance in the sales battles that were to follow, not
least because of the larger capacity and greater range offered by Boeing
from the outset.

Following the precedent set with the 707, Boeing offered the 727 in a
number of variants. At first, these were concerned primarily with fuel
capacity and operating weights, the original certificated gross weight of
152,000lb (68.950kg) soon being increased to 160,000lb (72,575kg) and
then, in the 727C version, to 169,0001lb (76.655kg). Progressive increases in
engine thrust also became available, starting with the 14,000Ib st (6350kgp)
JT8D-1 or -7, followed by the 14,500lb st (6577kgp) JT8D-9. The 727C
was announced in July 1964 as a convertible passenger/cargo version, with
the same side-loading freight door and cargo handling systems already de-
veloped for the Boeing 707-320C. Northwest Orient was the first to order the
727C; the first example flew on 30 December 1965, Type Approval was ob-
tained on 13 January 1966 and Northwest flew the first service with the
type on 23 April. A further refinement of the convertible idea was to mount
passenger seats and galleys on pallets to achieve fast conversions, allowing p

Below: A Boeing 727-206 of
Air Algérie, one of about 100
airlines that have bought this
best-selling tri-jet.
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the same aircraft to fly passengers by day and freight by night, although there
was a weight penalty. This became known as the QC (Quick Change) version
and was in service by May 1966, with United.

Meanwhile, in August 1965, Boeing had announced a “stretched’ version
as the 727-200 (the original production version then becoming the 727-100,
or 727-100C or QC in convertible form) The “stretch” comprised exactly
20ft (6-10m) in two equal sections fore and aft of the wing. which remained
unchanged, and maximum accommodation increased to 189. The JT8D-7
or -9 engines were specified at first. the gross weight being 169,0001b
(76.655kg). but 15,000lb st (6804kgp) JT8D-11s became available in
11972 and the 15,500lb st (7030kgp) JT8D-15 was offered as a further
alternative in later models. The first customer for the Boeing 727-200, which
was to become the most important variant, was Northeast Airlines, with an
order placed on 10 August 1965; the first example flew on 27 July 1967,
Type Approval was obtained on 29 November and the first service was
flown on 14 December 1967.

During 1970. when sales of the 727 were temporarily at a low ebb,
Boeing began to plan a series of additional improvements, which led to
introduction of the Advanced 727 with a wide option of gross weights, fuel
capacities, engine powers and other features. Basic to the Advanced model
were an increase in fuel capacity, new and improved aircraft systems, a
“wide-body look™ interior modelled on that of the Boeing 747 and additional
noise reduction features to comply with new FAA regulations. First orders
for the Advanced 727 were placed in December 1970 by TAA and Ansett of
Australia, and the first example, destined for All-Nippon Airways, flew on 3

March 1972, with JT8D-15 engines and a gross weight of 191,000lb .

(86.636kgp). Type Approval was obtained on 14 June and All-Nippon flew
the first service in July 1972.
On 26 July 1973, Boeing made the first flight of an Advanced 727 at a

new gross weight of 207,5001b (94,120kg). this being destined for delivery
to Sterling Airways before the end of 1973, with sufficient range to fly a full
189-passenger payload on routes from Scandinavia to the Canary Islands.
Yet another option became available in 1974 with the introduction of
16,000Ib st (7260kgp) JT8D-17 engines, first flown in a 727 in March of
that year and first delivered, on 24 June, to Mexicana. Boeing also intro-
duced, in 1976, the JT8D-17R engine with automatic thrust reserve, operat-
ing normally at 16,400Ib st (7440kgp) with an extra 1,000lb (454kg) avail-
able from the remaining engines in the event of one engine failing during a
critical stage of the flight. The first 727 with ATR flew on 27 May 1976 and
was later delivered to Hughes Airwest. Another variant emerged in 1981
when Federal Express ordered the Boeing 727F, a pure cargo version with
cabin windows blanked off, side-loading freight door, cargo restraint and
handling systems and a maximum cargo payload of 62,000Ib (28.118kg)

Between 1974 and 1978, Boeing studied a number of possible ““stretched”
versions of the 727. initially as the 727-300A and 727-3008B with 18ft 4in
(5-59m) more fuselage length and either JT8D-17R or JT8D-217 engines.
These projects were eventually superseded by the decision to develop the
Boeing 7N7, which was launched as the Boeing 757. During 1981,
however, Boeing was actively considering launching a programme to
convert 727-200s to the new 727RE configuration, in which two Pratt &
Whitney PW2037 or Rolls-Royce RB.211-535 turbofans (the engines
selected to power the Boeing 757) would replace the three JT8Ds. Con-
version would require structural modification of the rear fuselage and would
provide a 150-seat airliner with modern fuel and noise characteristics at
relatively low cost.

Below: Icelandair's Boeing 727-108C, a passenger/cargo
convertible version of the original short-fuselage model.
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Boeing 737
USA

The following specification relates to the Advanced 737-200:

Power plant: Two 14,000lb st (6350kgp) Pratt & Whitney JT8D-7 or
14.500lb st (6577kgp) JT8D-9 or 15500b st (7030kgp) JT8D-15 or
16.000!b st (7257kgp) JT8D-17 turbofans

Performance: Max cruising speed, 576mph (927km/h) at 22,600ft
(6890m); best economy cruise, 5563mph (890km/h); initial rate of climb,
3,760ft/min (19-1m/sec); range with max payload, 2.370mls (3815km);
range with max fuel. 2,5630mls (4075km).

Weights: Operating weight empty, 59.300lb (26.898kg); max payload,
35,7001b (16.193kg): max take-off, 119,56001b (54,195kg)

Dimensions: Span, 93ft Oin (28:35m); length, 100ft Oin (30:48m); height,
37ft Oin (11:28m); wing area, 980sq ft (91:05m?2).

Boeing’'s decision to add a short-haul airliner to its family of jet transports
including the various models of 707 and 727 was taken in November 1964, by
which time the BAC One-Eleven was already in flight test and the DC-9 was
nearing first flight. With what became known as the Model 737, Boeing was
competing for, broadly, the same portion of the airline market as that
covered by the One-Eleven and DC-9, but the design approach was quite
different. Whereas both BAC and Douglas had chosen a rear-engined, T-tail
layout, Boeing decided to keep an underwing engine location and a con-
ventional tail unit; not only did this keep the 737 clear of the aerodynamic
problems associated with T-tails, but it also helped to achieve maximum
'commonality between the “baby” Boeing and its big brother. Most im-
portantly, Boeing decided to retain the same overall fuselage width as that
used in the 707/727; this resulted in a somewhat stubby appearance for the
aircraft when the cabin length was sized to carry about 100 passengers, but
provided for relatively spacious seating arrangements and permitted airlines
already using the 707 or 727 to standardize on seats, galleys, etc.

The “launching order” for the Boeing 737, announced on 19 February
Right: A Boeing 3
737-2M89 of Zambia
Airways. The 737 is
the smallest of the
extensive family of
Boeing jetliners
available in 1982, and
is the second best-
seller, exceeded in
sales total only by
the 727. The M9
in the designation
indicates Zambia
Airways configura-
tion: Boeing originally
used two digits for its
customer designa-
tors but was forced
to introduce letter/
number combina-
tions as the custo-
mer list grew. The
2" indicates that
this is a -200 model
orthe 737.

a

Above: Three-view drawing of the Boeing 737-200. The Advanced
737, incorporating numerous new features, is externally the same
as the basic -200; the original -100 has a shorter fuselage.

1965, came from Lufthansa in Germany, marking the first occasion on which
an airline outside the USA had ever been the initial customer for a new airliner
put into production in the USA. Although passenger capacities of 60—-85
had been projected for the 737 during most of the early stages of design,
the size was increased to allow for 100 seats in the final stages of negotiation
with Lufthansa; powered by Pratt & Whitney JT8D-1s at 14,0001b st (6350
kgp) each, the Model 737 was to have a gross weight of 85,0001b (38,635kg)
and a full-payload range of 700mls (1,126km).

This aircraft was to emerge in due course as the Boeing 737 Srs 100, with an
initial gross weight of 97,.800Ib (44,360kg) and up tc 111,0001b (50,350kg)
eventually in a special model produced for Malaysia-Singapore Airlines. The
JT8D-7, with the same power as the -1 but flat rated for higher tem-
peratures, was also introduced instead of the initial engine variant, and the
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14,500Ib st (6577kgp) JT8D-9 was offered for use in later versions of the
737-100. Boeing soon discovered, however, that there was a strong demand
for slightly larger passenger capacity, and to meet this need the 737-200
was announced on 5 April 1965 when United Air Lines ordered 40, this also
being the first order from a US airline for the type. The fuselage was length-
ened by 6ft (1-:82m) to provide two more seat rows. which, with some inter-
nal redesign. increased accommodation to 119 or eventually, in high-density
layouts, 130. With JT8D-7 engines, the 737-200 hegan its life at a gross
weight of 97,000lb (43,998kg) with two centre-section fuel tanks, which
were optional. Subsequent developments have taken the gross weight of
the standard 737-200 to 117.000lb (53.070kg). with either the JT8D-9,
JT8D-15 or JT8D-17 turbofans also being available

First flight of the Boeing 737 was made at Seattle on 9 April 1967, this
aircraft being a company demonstrator, followed about a month later by the
first of Lufthansa’s 737-100s. The first 737-200 in United configuration was
the fifth 737 to fly, on 8 August 1967. Full FAA Type Approval was obtained
for the 737-100 on 15 December 1967, and for the 737-200 on 21 December
1967. services being inaugurated with the two models, respectively, by
Lufthansa on 10 February and by United on 28 April 1968.

Sales of the Boeing 737 proceeded somewhat more slowly than those of
the earlier Boeing jetliners, but the company pursued a concentrated pro-
gramme of improvement and refinement to keep abreast of the competition.
A passenger/cargo convertible version of the 737-200 was soon offered,
with side-loading freight door and other features similar to those in the 727C.
The first 737-200C was flown in August.1968 and after certification in
October entered service with Wien Consolidated before the end of the year.

Because of some deficiencies in the specific range of the 737 as first
delivered, plus poor efficiency of the thrust reversers on the JT8D engines,
Boeing introduced a series of modifications commencing with aircraft No
135 delivered (to United) in March 1969, and offered conversion kits for
earlier customers who wished to update their aircraft. The changes included
target-type thrust reversers instead of clamshell design, with redesign of the
aft engine nacelle; some drag-reduction modifications to the wing and
changes in the flap settings and structure. Another series of changes was
offered by Boeing later in 1969, and these were combined in the specification
of what became the Advanced 737-200, with deliveries starting in 1971.
The new features comprised changes to the leading edge flaps and slats,
wider nacelle struts, optional use of JT8D-15 engines and optional nose-
wheel brakes.

The first Advanced 737-200 flew on 15 April 1971; certification was ob-
tained on 3 May and All Nippon Airways inaugurated service in June 1971.
Later that year, a “wide-body look” interior was also developed for the 737,
the first example being delivered to Air Algerie in December 1971, and this
eventually became widely adopted by customers for the Advanced 737. A
“Quiet Nacelle” modification was added to the Advanced 737 specification
in 1973, to allow compliance with latest FAA regulations, the‘first delivery
being made in October to Eastern Provincial Airways. Later options on the
Advanced 737 introduced the JT8D-17 engine at 16,000lb st (7264kgp) and
a gross weight of 117,000lb (53.070kg) or 119,500lb (54,253kg). the
first example at ‘the latter weight going to Braathens SAFE in Norway in
laté 1977.

A separate series of modifications was also developed by Boeing to
permit the 737 to operate from gravel and dirt runways, so that full advantage
could be taken of its short field performance. These modifications comprised
gravel deflection shields on the main and nosewheel gears, blow-away jets
beneath the engine intakes to prevent debris ingestion, fuselage abrasion
protection, flap protection and other features.

By the end of 1981. Boeing had sold over 950 Boeing 737s. including a
few for military and non-commercial use. of the total, only 30 were 737 -100s.
and 64 of the remainder were 737-200Cs. Included in the sales total were 20
Boeing 737-300s. this being the designation of a new variant launched by
Boeing on 26 March 1981 when US Air and Southwest Airlines each
ordered 10. The 737-300, to fly in April 1984 with first deliveries at the end
of that year, features an 8ft 8in (2-64m) fuselage stretch to increase seating
capacity by up to 20 seats: a 1ft 10in (56cm) increase in wing span; a
revised leading edge and extended dorsal fin and a pair of 20,000lb st
(9072kgp) turbofans in revised nacelles. Variants at gross weights of
124.500Ib (56.473kg). 130.000Ib (58.968kg) and 135.000lb (61.236kg)
are on offer, with varying fuel capacities. '
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Below: “White Nile’*
is one of a pair of Boeing
737-2J8C convertible
passenger/cargo ver-
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Airways, the other q /
being named “‘Blue Nile"’, / !
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Boeing 757
USA

Power Plants: Two Rolls-Royce RB.211-535C turbofans each rated at
37.400Ib st (16,980kgp).

Performance: Max cruising speed, 569mph (915km/h) at 29,000ft
(8840m): long-range cruise, 528mph (850km/h) at 37,0001t (11,280m):
range with max payload, no reserves, 1,380mls (2220km). range with max
fuel, no reserves, 5,600mls (8631km)

Weights: Typical operating weight empty, 130,670lb (59.270kg). max
take-off weight, 220,000Ib (99.880kg): max zero fuel weight, 184,000Ib

1(83.5636kg): max landing weight, 148,000Ib (67,120kg).

Dimensions: Span, 124ft 6in (37-95m); overall length, 155ft 3in (47-32m);
overall height, 44ft 6in (13:56m); wing area, 1,.951sq ft (181:25m?2).

After several years during which various “stretched” versions of the Boeing
727 were studied and attempts were made to obtain sufficient airline orders
to launch production, Boeing finally was able to launch the Boeing 757 in
mid-1978. This new airliner retains the fuselage width of the 707/727/737
series and therefore maintains commonality with the 727, but it has a new
wing, with two engines in underwing pods, and a low-mounted tailplane.
After it had been launched, the Boeing 757 design was further revised to
incorporate the same nose and flight deck as the Boeing 767, with the result
that it ended up having greater commonality with the latter than with the
727 on which it was originally based.

As finally launched, the Boeing 757 was designed to carry a maximum of
233 passengers six-abreast in a high-density layout at 29-in (73-7-cm)
seat pitch, or, more typically, 196 in all-tourist or 178 in two-class layouts,
and to have a maximum range of 2,300mls (3700km) with a full passenger

load. With some 13,200Ib (6000kg) of cargo. the maximum payload was
164,0001b (29.025kg). The 757 was designed primarily as areplacement for the
Boeing 727 tri-jet and with the Rolls-Royce RB.211-535C engines initially

specified was claimed to offer the best fuel efficiency per passenger carried
of any aeroplane in its class.

The two launching airlines, British Airways and Eastern Air Lines,
announced their intention cf ordering Boeing 757s in August 1978, at
which time Boeing confirmed its decision to offer the new aircraft with the
Rolls-Royce engines, these being smaller-fan derivatives of the RB.211
already in production for the Lockheed TriStar and the Boeing 747

British Airways signed a definitive order for 19 Boeing 7567s on 2 March,
valued at some £300m, later taking an option on 18 more, and the Eastern
Air Lines contract was signed on 23 March, covering 21 aircraft with an
option on 24. Although Boeing had been proceeding with preliminary
activities for production of the 757, the formal decision to initiate full-scale
production was not taken until the Eastern contract had been signed
Subsequent to the launch, Boeing offered increased gross weight options
of 230.0001Ib (104,328kg) and 240.000Ib (108.863kg), and the 36,330lb st
(16.480kgp) CF6-32C was nominated as an alternative engine. However,
the third and fourth major customers for the Boeing 757, Delta and American
Airlines, both selected the Pratt & Whitney PW2037 and the CF6-32 was
subsequently withdrawn from development by General Electric. By the
end of the 1981, seven airlines had ordered 136 757s, with 61 more on
order. First flight was made on 19 February 1982, with customer deliveries
starting on December 1982 at the time of certification.

Right: The Boeing 757 was rolled out at Renton, Washington, on 13
January 1982 to become Boeing’s sixth major jet transport. Four
aircraft were being used for flight test and development leading to
certification and entry into service before the end of 1982.

Above: Three-view drawing of the Boeing 757-200, which is the
basic version as launched in mid-1978; the projected 757-100 was
shorter.




Frontier Airlines

The Denver-based carrier has its roots in
Monarch Airlines, which was formed early
in 1946 and inaugurated local service
from Denver on 27 November of that
year. In December 1949 Monarch absorbed
Challenger Airlines, and Arizona Airways,
an intra-state operator, was taken over in
April 1950. Monarch formally became
Frontier Airlines on 1 June of that year.
The effect of the mergers was to give
Frontier an extensive north-south operation
between Montana and Mexico, serving 40
points in 7 states. During the subsequent
decade the carrier expanded its route
system throughout the states between the
Rocky Mountains and the midwest. DC-3
aircraft were supplemented by former
United Convair 340s in 1959. Frontier
undertook a re-engining programme in-
volving the installation of Allison 501
turboprop engines in the Convair 340
arrcraft, which were redesignated Convair
580s. The first of the Convair turboprops

entered service on 1 June 1964, and
eventually Frontier operated a total of 32
Convair 580s.

Jet operations were inaugurated with
the first of 5 Boeing 727-191 aircraft in
September 1966 and Boeing 727-291s
were acquired in February 1968. These
aircraft, however, did not entirely suit the
carrier’'s route network and were replaced
with Boeing 737 aircraft, the firstof which
(a 737-2C0O) was acquired in May 1969.
Another major phase of expansion was
accomplished when Fort Worth-based
Central Airlines merged with Frontieron 1
October 1967. Central had been formed
in March 1944 and operated services in
Texas and surrounding states with DC-3
and Convair 600 equipment. By 1974
Frontier was carrying in excess of 3 million
passengers annually and serving some
100 destinations (more than United), though
many of these were small communities.

Frontier Airlines currently provides flights

Northwest Orient Airlines

Northwest Airlines (Northwest Orient
Airlines) is the second oldest airline in the
USA with a continuous identification and
was formed on 1 August 1926 as North-
west Airways. The airline commenced
operations on 1 October 1926 providing
air mail service between Minneapolis/St
Paul and Chicago, and passenger services
were started in July of the following year.
On 16 April 1933 the airline adopted its
present title and acquired Northern Air
Transport. Lockheed 10A Electras entered
service in August 1934 and in March
1939 the DC-3 commenced operations
with Northwest On 1 June 1945 Northwest
became the fourth US transcontinental
airline when service was extended eastward
from Minneapolis/St Paul to Newark and
New York City via Milwaukee and Detroit.
Northwest began to expand its routes
through Canada, Alaska and the Aleutian
Islands, and on 15 July 1947 a new Great
Circle route through Anchorage to Tokyo,
Seoul, Shanghai and Manila was inaugu-

2

rated with DC-4 aircraft. Services to
Washington D.C. from Detroit via Cleveland
and Pittsburgh began on 15 March 1948,
and to Honolulu from Seattle/ Tacoma and
Portland on 2 December, making Northwest
the first airline certified to link Hawaii with
the Pacific North-West. The airline intiated
service to Taiwan on 30 June 1950 and
began operations with Boeing Strato-
cruisers. Northwest subsequently intro-
duced DC-BA/B aircraft and by 1957 had
also acquired Super Constellations and
DC-7C aircraft. Services to Florida started
in 1958 and Atlanta was added to the
route system on 27 September 1959.
Lockheed Electra turboprop services
began on 1 September 1959, and pure jet
operations on 8 July 1960 on Far East
routes with DC-8-32 aircraft, which were
replaced by Boeing 707-351B aircraft
from June 1963. Northwest also took
delivery of Boeing 720-051Bs in May
1961 and the airline’s first 727-51s were
acquired in November 1964. Services to

to 86 points in 27 US states, Canada and
Mexico. RKO General (a subsidiary of the
General Tyre and Rubber Company) took
control of the carrier in 1964. Under the
new designations laid down by the CAB,
Frontier i1s now defined as a national
carrier (ie a carrier with an annual revenue
of 75-1,000 million US dollars). 5,893
personnel work for Frontier and over 5
million passengers are carried annually.

Fleet Data

4 Boeing 737-214
3 Boeing 737-222

2 Boeing 737-247

5 Boeing 737-291

5 Boeing 737-2CO

1 Boeing 737-2H4

1 Boeing 737-212 Advanced
2 Boeing 737-291 Advanced
2 Boeing 737-2A1 Advanced
6 Convair 580

On Order
6 Boeing 737-291 Advanced
3 McDonnell Douglas DC-9-82

Hong Kong were inaugurated in October
1966 and to Osaka in April of the following
year. Wide-bodied operations began fol-
lowing delivery of Boring 747-1561 aircraft
in April 1970. The first DC-10 40 was
delivered to Northwest at the end of 1972.
Passenger operations to Europe began
with the inauguration of transatlantic
services on the New York-Copenhagen-
Stockholm route in March 1979 and
Northwest commenced services from
Minneapolis/ St Paul to London on 2 June
1980.

Based at Minneapolis/ St Paul, Minnesota,
Northwest Orient presently operates a
38,278 mile (61,600km) system encom-
passing 22 states in the USA and services
to Canada, Japan, Korea, Taiwan, Hong
Kong, the Philippines, Sweden, Denmark,
Norway, the Netherlands, Ireland, Germany
and the United Kingdom. Over 11,501,000
passengers were carried in 1980 and the
airline currently employs 12,748 per-
sonnel.

Boeing 737

Fleet Data
3 Boeing 727-51C
1 Boeing 727-151C
4 Boeing 727-51
23 Boeing 727-251
29 Boeing 727-251 Advanced
2 Boeing 747-135
10 Boeing 747-151
12 Boeing 747-2518B
6 Boeing 747-251F (SCD)
22 McDonnell Douglas DC-10-40

Boeing 747
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Western Airlines

Western Airlines (WAL) was incorporated
on 13 July 1925 as Western Air Express
(WAE) and is the oldest US carrier.
Operations began with air mail services
between Los Angeles and Salt Lake City
via Las Vegas on 17 April 1926 using
Douglas M-2 aircraft. Passenger services
on the route began on 23 May of that year,
and this represented the first scheduled
passenger service in the USA. By early
1930 WAE had taken over Colorado
Airways, Pacific- Marine Airways, West
Coast Air Transport and Standard Air
Lines. On 16 July of that year, under
pressure from the Postmaster General,
WAE merged with Transcontinental Air
Transport to form TWA in order to gain
the mail contract for the Los Angeles-
Kansas City section of the transcontinental
route which had previously been flown by
both airlines. In 1934 WAE was bought
out from TWA and operated for a while as
General Air Lines. On 17 April 1941 the
carrier officially changed its title to Western
Airlines. By this time Boeing 247-D and
DC-3 aircraft had been acquired, and

National Parks Airways been absorbed.
Services on the carrier's old Los Angeles-
San Francisco route were restarted in
1944 and extended to Portland and Seattle
in 1947. DC-4 aircraft entered service in
January 1946 and Convair 240s com-
menced operations in September 1948.
Western became the first operator of the
DC-6B on 11 April 1951.

The first of twelve Lockheed Electra
turboprops flew on the Los Angeles-Seattle
route in August 1959, and jet services
were inaugurated on 1 June 1960 with
Boeing 707-139 aircraft leased from the
manufacturer prior to delivery of the
carrier’s first Boeing 720-0478Bs in April
1961. Western received its Boeing 727-
247 aircraft from October 1969 to replace
the Electras. On 1 July 1967 Seattle-
based Pacific Northern Airlines (PNA) was
merged into Western. Founded in 1932 as
Woodley Airways, PNA operated services
linking southern Alaska with Washington
State and Oregon. Western commenced
wide-bodied operations following delivery
of its first DC-10-10 in April 1973. Service

between London and Honolulu via Anchor-
age was inaugurated in October 1980 but
was terminated a year later. However,
Western inaugurated a Denver-London
service on 24 April 1981 with a former Air
New Zealand DC-10-30.

Western, headquartered in Los Angeles,
currently operates scheduled passenger
and cargo services to 33 destinations in
the USA (including Honoluluand Anchorage),
to several points in Canada, Mexico and to
London. 9,130,000 passengers flew with
Western in 1980 and the carrier employs
10,657 personnel.

Fleet Data
6 Boeing 727-247
40 Boeing 727-247 Advanced
1 Boeing 727-2Q8 Advanced
(leased from Interlease)
11 Boeing 737-247
10 McDonnell Douglas DC-10-10
1 McDonnell Douglas DC-10-30
(leased from Interlease).
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United Airlines

United traces its origin to Varney Air Lines
which began air mail serviges ‘between
Paso, Washington and Elko, Nevada on 6
April 1926. Varney Air Lines was later
merged with Pacific Air Transport and
National Air:Transport, both of whom
were air mail carriers, into Boeing Air
Transport which was part of a combine
that included the Boeing Airplane Company
and Pratt and Whitney, the engine manu-
facturer. United was organised on 1 July
1931 as the management company for
the airline division. Three years later the
combine broke up and the corporate
divisions became separate entities. By this
time United was operating the Boeing 247
which had entered service in March 1933
and established regular coast-to-coast
operations. DC-3 operations began in 1937
and DC-4 aircraft entered United service
on the New York-Chicago route in March
1946 with the DC-6 following in April
1947. By May 1947 the route network
had been expanded to include Boston,

Denver, Washington D.C. and Hawaii.
DC-6B services began in 1951 and the
Convair 340 was introduced on short haul
routes in 1952. Transcontinental services
with the DC-7 began in April 1954 and jet
operations with DC-8 aircraft were inaugu-
rated on 18 September 1959. Boeing 720
aircraft were introduced in July 1960
initially between Chicago, Denver and Los
Angeles. United made its first purchase of
a foreign aircraft when a fleet of twenty
Caravelle VI-R aircraft was ordered. The
type commenced services between New
York and Chicago on 14 July 1961
United's size increased significantly on
1 June 1961 when the carrier took over
Capital Airlines, founded in November
1936 as Pennsylvania Central Airlines. As
a result of the merger United's route
system was increased by 7,200 miles
(11,600km) and the carrier became the
world's largest privately-owned airline in
terms of annual passengers carried and
passenger miles flown. The Caravelles and

former Capital Viscount 745 aircratt were
progressively replaced by Boeing 727 and
737 arcraft from 1964 and 1967 res-
pectively. Wide-bodied services were
introduced by the carrier foliowing delivery
of Boeing 747 aircraft in June 1970 and
DC-10-10 arrcraftinJuly 197 1. In keeping
with its tradition of being among the
launch customers for new aircraft, United
was the first arrline to order the Boeing
767 (pictured below)

United now operates an extensive
scheduled passenger and cargo route
network linking well over 100 pointsin the
USA alone. United currently employs
46,440 personnel and operates an all-jet
fleet of 315 aircraft

Fleet Data

54 Boeing 727-22

28 Boeing 727-222

76 Boeing 727-222 Advanced
49 Boeing 737-222

18 Boeing 747-122
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