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1. PURPOSE

This advisory cireular presents background and
guidance material on air cargo facilities. This in-
formation has been developed to encourage the
growth of all segments of the air cargo industry
and to provide assistance in the planning of air-
port facilities.

2. REFERENCES

Other Federal Aviation Agency publications
which provide additional related information are
the following:

a. “Airport Design,” 1961, Supplement No. 1,
1962,

b. *“Airport Terminal Buildings,” 1960.

3. AIR CARGO INDUSTRY

In the broadest terms, the air cargo industry in-
cludes that segment of commereial nir transporta-

tion which handles the transfer of everything but
passengers and baggage. Air freight, air express,
air mail, and parcel post are all part of the air
cargo picture; but mail and parcel post are usually
handled in ground facilities which are separate
from the normal airport cargo facilities. This ad-
visory circular discusses the latter in detail. Air-
port Mail Facility requirements are a special case
within the province of the Post Office Department
and not covered in this publication except for sta-
tistical data and brief references.

4, HOW TO GET THIS PUBLICATION

Obtain additional copies of this circular, AC
150/5360-2, “Airport Cargo Facilities,” from the
Federal Aviation Agency, Distribution Section,
I1Q—438, Washington, D.C., 20553.

Core Morrow, Director,
Airports Service.
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CHAPTER 1. AIR CARGO INDUSTRY
SECTION 1. INTRODUCTION

1. AIR CARGOQ, PAST TO PRESENT

a. In 1910, when Philip O. Parmalee flew a bolt
of silk from Dayton to Columbus, Ohio, in a
Wright Brothers biplane, the air cargo industry
was born. However, it did not begin to spread its
wings in the United States until more than 30
years after this historic incident. The “bush”
flyers of Canada were supplying outlying regions
of that country early in aviation history. During
the twenties and thirties, industry in some coun-
tries of Europe and Latin America was profiting
by shipping commodities by this new mode of
transportation.

Although some commercial airlines were stow-
ing freight on passenger aireraft as early as 1932,
it was not until 1944 that the first regularly sched-
uled all-cargo DC-3 service was started by a cer-
tificated carrier. During World War 11, the air-
plane demonstrated conclusively its capability of
hauling almost every conceivable commodity, large
and small. Following the War, the air cargo in-
dustry began to grow; and by 1947, 38 million ton-
miles of freight were carried domestically. Eco-
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nomic soothsayers at all levels were optimistic
about the future of the air cargo business.

2. EARLY FORECASTS AND PERFORMANCE

2. The Department of Commerce, Civil Aero-
nautics Administration, in a staff study issued in
1952, forecasted that by 1955 this growing domestic
industry would be flying an estimated 400 million
ton-miles of cargo. In contrast, some elements of
the industry were very optimistic and had fore-
casted over a billion ton-miles by 1955. Actual
growth, however, fell considerably short of this
mark. The 350 miilion ton-miles flown in the year
1955, and slightly more than 600 million ton-miles
in 1960, quite closely followed the more con-
servative forecasts.

b. Figure 1 is a graphic presentation of the
air cargo industry’s growth in the United States
from 1950 to 1962 and indicates the nominal
growth during this period. The growth patterns
of four communities with cargo operations over
this same period are illustrated in figure 2 on
page 3.
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SECTION 2. GROWTH POTENTIAL

3, MODES OF TRANSPORTATION. Air cargo busi-
ness interests have been cautious in preparing plans
for future growth perhaps because of early erratic
growth and lag in reaching the more optimistic
predietions of accomplishment. Unquestionably,
2 high potential for increased business exists. In

1400

1961, only six-hundredths of 1 percent of all do-
mestic intercity freight was shipped by air. Fig-
ure 3 illustrates intercity ton-miles, public and
private, by surface modes of transportation for
the two-decade period ending in 1960, as reported
by the Interstate Commerce Commission.
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4. TRENDS IN AIR CARGO TRANSPORTATION

a. The conversion by major air carriers to tur-
bojet and turboprop aireraft which began in 1957
has had an effect on the air cargo industry. The
baggage compartments of these combination pas-
senger aircraft have several times the carrying
capacity of like compartments of piston-type air-
craft. These combination-type aireraft will con-
tinue to maintain an important role in the total
supply of air eargo transportation. Many of the
large piston-type aircraft have been converted for
all-cargo operations. The all-cargo aireraft, Can-
adair CL—44, Boeing B707-321C, B707-323C, and
B707-373C, and Douglas DC-8F, have been inte-
grated into air freight service; the Boeing B707-
320C and B707-331C have been on order for some
time with delivery beginning this year; and the
Lockheed I.-300, commercial version of the C-141,
is scheduled for delivery in 1966. This increased
available capacity for transporting air cargo has
caused aviation interests to re-evaluate total indus-
try potential.

b. Together, the air carriers and aircraft manu-
facturers have embarked on a program of research
on comnmodities being carried by surface transport.
The types and densities of various commodities
shipped, as well as their origin and destination, are
being closely studied in an effort to develop a basis
for better forecasting. Drograms of study for
more efficient management and materials handling
systems have been initiated. The progress of the
U.S. Air Force in its development of air freight
facilities for the Military Air Transport Service
is being watched closely by the aviation industry.
Most of the studies being made are aimed at find-
ing ways to reduce total operating costs which
would place the air freight carriers in a better posi-
tion to compete with surface transport carriers.
Information available indicates that costs to the
shipper are in the range of 3 cents to 8 cents per
ton-mile by surface transport in contrast to an
average of 25 cents per ton-mile for the same serv-
ice by air.

Chap. 1
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c. Trends in the industry point to:
(1} Mechanized systems for ground handling
of air freight,
(2) Integration of systems with ground and

air transportation and materials handling opera-

tions,

(3) Containerization of shipments.

(4) Automation of documentation and com-
munication in an effort to reduce indirect costs of
terminal handling.

(5) Utilization of all-cargo aireraft designed
specifically for the carrying of air cargo and eca-
pable of handling Iarger loads, traveling greater
distances, and operating at much lower systems
costs.

5. GROWTH FORECASTS

a. Some forecasters remain optimistic about the
future growth of the air cargo industry and are
predicting a rate of growth of as much as 25 per-
cent per year during the decade ending in 1970.
This would indicate that there will be about 6 bil-
lion ton-miles of air cargo flown during the year
ending this period of forecast—a tenfold increase
in 10 years. Should such forecasts prove to be
correct, airports in some of our large hub communi-
ties will be noticeably affected.

b. The Federal Aviation Agency is considerably
more conservative in its forecast and predicts 2 bil-
lion domestic air cargo ton-miles for 1970—a four-
fold increase. Figure 4 is a graphic presentation
of the future growth of air cargo as viewed by
the FAA.

c. In sharp contrust to the domestic situation,
developments in the air cargo industry for foreign
trade are moving more rapidly. In 1960, carriers
of overseas shipments reported a 40 percent in-
crease over the previous year in ton-miles of freight
and express transported. Major airlines involved
are taking steps to maintuin this growth by plan-
ning Iarge-scale improvements in freight-handling
facilities,

Par. 4
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SECTION 3. COMPONENTS OF THE INDUSTRY

6. MAJOR COMPONENTS. There are five major
components of the air cargo industry which must
be considered and which influence analysis of air-
port cargo facilities. A number of components
may be found to be associated with the air carrier
facility, particularly in the case of an all-cargo air-
line. The major components are the air carrier
facilities with associated trucking company facil-
ities, air freight forwarder facilities, air express
facilities, and air mail facilities. These are dis-
cussed in terms of their associated facilities and
their distinguishing characteristics in order to give
the architect-engineer background information.

7. AIRPORT MAIL FACILITY

a. The volume of air mail processed averages
approximately one-third that of air freight and
express. The Post Office Department offers to
the shipper of small packages a fast, economi-
cal, and reliable service through Domestic Air
Parcel Post. It generally is cheaper to ship pack-
ages of 2 pounds or less through this service be-
cause other services have minimum rates for small
shipments generally in excess of the Post Office
Department’s rate.

b. The use of the airways for sending mail has
been increasing steadily. Indications are that the
increase will continue. Procedures for handling
mail are continuously being evaluated by the Post
Office Department. Improvements, as made, will
affect revisions in space requirements for mail
facilities on the airport. Present plans call for
greatly expanded mail-handling facilities at a
number of the major airports in the country.

¢. Air mail and air parcel post are tendered to
air carriers for priority loading and unloading at
the destination. First-class-mail-by-air is placed
on combination aircraft for “topoff” loading space
available to an acceptable aircraft weight. Al-
though the greater percentage of air mail and air
parcel post is transported on combination aircraft,
there is some use made of all-cargo equipment.
To provide the service to the patron desired by
the Post Office Department, fast handling in the
airport mail facility and in exchanges with air
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carriers is most. important. It is frequently neces-
sary that volume dispatches to a particular flight
bypass the airport mail facility. Thus, the air-
port mail facility needs to be conveniently located
with access to both the nirline cargo facilities and
the passenger terminal londing apron. Adequate
access roadways not crossing runways or taxiways
are most important.

d. Although the volume is not as great at air-
ports which do not have an airport mail facility,
fast and efficient exchange with air carriers at a
central point is highly desirable, Such a facility
could consist merely of a truck dock for this pur-
pose with the capability of storing mail available
in advance of flight or truck departure. Thisarea
should be centrally located and readily accessible
to aircraft parking aprons. The functions to be
accomplished include receiving and dispatching to
carriers, coordinating post office truck movements,
and overseeing air carrier postal activities,

8. AIR EXPRESS FACILITY

a. Air express is handled by the Air Express
Division of REA Ezxpress (Railway Express
Agency) and is forwarded on combination and all-
cargo aircraft of the certificated airlines. Pack-
ages are picked up directly from shippers and de-
livered to consignees in all cities and principal
towns. There are differences in the rate structures
of minimum charges which determine whether it is
more economical to ship packages by indirect or
direct carriers. Air express is loaded on aireraft
at a priority below passengers rather than on a
first available space priority as is air freight and
first-class-mail-by-air. Statistics from the Civil
Aeronautics Board indicate that air express aver-
ages approximately 10 percent of domestic air
freight tonnage.

b. The majority of air express shipments are
placed on combination aireraft. The movement of
shipments from the air express facility to the
cargo processing facilities of the air carrier is a
transfer operation. This processing is necessary
to maintain efficiency in aircraft loading. The
air express facility needs to be conveniently located

Par, &
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with access to both the air carrier cargo facilities
and the passenger terminal loading apron.

9. AIR FREIGHT FACILITIES

a. Nonprohibited shipments of any size, weight,
and shape can be sent by air, limited only by di-
mensional characteristics of the aireraft and its
gross weight limitations. Almost all scheduled
airline flights carry air freight. Also, all-cargo
airecraft are now operated between most major
cities with either direct or connecting trucking
service available to points beyond communities
served directly by air. ‘The customer has a choice
of air freight services—the services of an air
freight forwarder or the direct carrier service of
an airline. When using the air carrier, he may
request door-to-door service, or he may deposit the
shipment at the nirport of origin and have the con-
signee pick it up at the airport of destination.
This latter type of service is generally known asan
airport-to-airport service.

b. The interrelationships involved in the vari-
ous kinds of air freight facilities are not as clear
cut as the relationships described in paragraphs 7
and 8. Much depends upon the individual circum-
stances at an airport and the number of possible
services available. The overriding factors affect-
ing these interrelationships are the number of air-
lines operating passenger services, the number of
airlines operating separate cargo facilities, and
the number of competitive systems of ground
transportation to and from the airport for air
freight.

10. AIR FREIGHT FORWARDER FACILITY

a. The air freight forwarder operates as an indi-
rect carrier under anthorization of the Civil Aero-
nautics Board and provides all services except the
direct operation of aircraft. Since the forwarder
is not limited in regard to routes and points served,
its tariffs are filed and approved for worldwide
services. The forwarder provides complete trans-
portation service from shipper to consignee, The
amount of air freight generated by the forwarder
is relatively high. Of the total domestic freight
revenue, approximately $160 million for 1960, for-
warders grossed approximately $35 million or ap-
proximately one-fifth of airline domestic freight
revenue.

b. The operations of the forwarder, more than
one of which may be located within the airport
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complex, generally consist of consolidating pack-
age units for shipment and transferring these ship-
ments from his facility to those of the airlines.
The 1960 statistics for larger forwarders indicate
that they received almost 3.5 million shipments
and consigned approximately 92,000 consolidated
shipments to the airlines. Since the forwarder
has basically a transfer and consolidation opera-
tion, a large percentage of the releases to the air-
lines will pass through an air carrier cargo facil-
ity with the remainder going aboard combination
aireraft. Thus, convenient access to both the air
carrier cargo facilities and passenger terminal
loading apron is essential.

11. AIR CARRIER CARGO FACILITY

n. The facilities of the airlines for handling air
cargo are the core of cargo operations and the
center about which the other related services and
activities are located. The purpose of this dis-
cussion is to establish the relationship of all other
components of the industry to the direct carrier
actually accomplishing air cargo movement.

b. Airport-to-airport service in which shipments
are deposited at the air carrier cargo facility has
been identified as one type of air freight service.
To satisfy demands of customers for door-to-door
service, the airlines normally do not operate a
fleet of trucks but contract with truckers to have
this work done for them. This is accomplished
through Air Cargo, Inc., an organization owned
by all of the dometic airlines. Air Cargo, Ine,
arranges for one trucker to handle al! door-to-door
shipments of all airiines at a particular airport at
# given rate.

c. The relationship of contract truckers to air
carriers is influenced by the type of air carrier op-
eration. Normally, air carriers providing door-to-
door service have established sufficient sales volume
of air freight to have warranted cargo facilities.
The type of operations conducted by the trucker
ig influenced by the number of air carrier cargo
facilities. The requirements of the truckers for
the shipment-sorting operation to the airlines and
for delivery to local customers may be quite closely
associated with the operations within the air
carrier cargo facilities. However, where there are
a number of separate air carrier cargo factlities,
& separate air cargo trucking facility should be
investigated.

Chop.
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CHAPTER 2. AIR CARGO HANDLING
SECTION 1. CARGO FLOW

12. IMPORTANCE OF TIME

2. An aircraft not flying is not using its earning
capacity, Present jet-cargo aircraft have a gross
earning potential of over $4,000 per hour. There-
fore, groundtime (the time required to unload,
load, and service) is a critical factor in air cargo
operations. Systems in use in the past for loading
and unloading aircraft generally required much
manual handling of freight. New and more effi-
cient loading systems and equipment are being
provided by the industry to reduce groundtime to
2 minimum and to reduce the time and cost of
loading, unloading, and processing of shipments.

b. Background information on materials flow
and materials handling equipment and systems is
presented in the pages that follow. It is most im-
portant that the architect, the engineer, and others
responsible for the planning and design of airport
cargo facilities consult with the air carriers in-
volved from the inception of the program and
throughout its development to determine specific
requirements of individual materials handling

Chap. 2

systems. Knowledge of the technique of packag-
ing and materials handling is essential in designing
functionally efficient air cargo facilities.

13. ENPLANING AND DEPLANING CARGO

a. In the sequence of operations, the first step is
to unload the air cargo from trucks as depicted
in figure 5. The shipment is accepted and
weighed, and necessary data recorded. Informa-
tion about weight and destination of the shipment
permits scheduling for flight and load placement.
Marked packages are moved to a staging area to
be processed for loading on the aireraft.

b. The removal of cargo from the aireraft initi-
ptes a process which is the reverse of enplaning
with disposition of the shipment dependent upon
final destination. If the airport is the final des-
tination of the shipment, it is moved to an area
where it awaits pickup. If the airport is an inter-
mediate stop and packages are to be transferred to
another aireraft, the shipment is again moved into
the load-staging area.

Par. 12
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SECTION 2. CARGO HANDLING EQUIPMENT

14, BASIC CONSIDERATIONS. Techniques used in
moving shipments from one area to another with-
in the facilities and for load build-up vary consid-
erably depending on the nature of the commodities
and the total quantity of air cargo being shipped
from a community. Shipments may vary from
small fragile packages to bulky and heavy items.
Equipment of various types is used to handle
freight.

15. WEIGHING EQUIPMENT. Scales for weighing
shipments may be portable or built into the
materials handling system. Since most packages
moving through air cargo facilities weigh lessthan
300 pounds per unit, this capacity scale would
normally be adequate. A larger auxiliary scale
may be required depending upon the nature of
air freight handled.

16. UNITIZING EQUIPMENT, Many small packages
can be more efficiently handled if unitized, that is,
consolidated into 2 single unit or group of units.
Unitizing may be accomplished in the cargo
processing facility or may be done by the cus-
tomer, and the packed unit brought to the facility
ready for loading on the aircraft.

a. Pallets are portable platforms on which ship-
ments are stacked. They are generally constructed
so they can be moved by a forklift truck or other
device. Warehouse pallets presently in use are
about 30 inches by 40 inches, but these are gen-
erally being replaced. Larger pallets, 80 inches
by 108 inches and 88 inches by 125 inches, have
been adopted for the air cargo industry. A flexible
pallet, used in conjunction with a pallet support,
also has been designed, This pallet may be used as
an integral part of the aireraft load. Dollies are
pallets or pallet supports on wheels. They may be
moved manually or by a mechanical system. Fig-
ure 6 shows a number of types of pallets and a
dolly.

b. Containers most commonly in use today are of
two general types. Omne type Is designed to be
stowed in the belly compartment, or underside,
of large jet aircraft. These are normally made
of aluminum and shaped to fit the lower portion
of the aircraft fuselage. The other type of con-

Chap. 2

tainer is o modification of the pallet, having sides
hinged to the pallet or in separate sections that fit
together. Various types of containers are illus-
trated in figure 7 on page 13.

17. PIT ELEVATORS. Hydraulic lifts equipped to
support pallets or containers are being used to
assist in unit build-up. By use of the lift, it is
possible to keep the top of the load of the stack
at a satisfactory working level by lowering the
stack below the floor. After the cargo stack is
complete, it is returned to the floor level.

18. MATERIALS MOVING EQUIPMENT. Moany
types of equipment are used to handle cargo.
Handling techniques employ not only mobile
equipment such as handtrucks and forklift trucks
but also conveyors and other devices which may be
installed as part of an integrated freight handling
system.

a. Handirucks are generally employed in the
storage area to move relatively small loads. The
operation that processes only nominal amounts of
air freight per day would have little need for any-
thing more than this basic type of handling equip-
ment. Both two-wheel trucks and four-wheel
trucks are in general use. Fwo-wheel trucks nor-
mally are limited in capacity to less than 2,000
pounds. Four-wheel trucks are designed for ca-
pacities up to 5,000 pounds. Several may be
hooked together in train fashion and moved by a
motorized tug.

b. Forklift trucks vary in size with capacities from
1,500 pounds to 20,000 pounds. The forklift of-
fers more flexibility for the movement of cargo
than the handtruck because of its capabiiity for
moving loads vertically. It is an effective device
for moving loaded pallets from the processing fa-
cilities to the floor level of the aircraft. However,
it is limited in the size of pallets it can carry.

c. Scissors lifts may be utilized in transporting
freight from the cargo building to the aircraft or
as a lifting device in the loading operation. This
equipment can transport much larger loads than
the forklift truck. Its use isexpected to increase
in freight handling.

Par. 14
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d. Overhead hoists have been used to provide
efficient movement of very heavy shipments.
Complete coverage can be attained by means of
track-mounted traveling girders spanning the en-
tire width of the processing area. With this ar-
rangement, movement of the hoisting equipment is
possible in any direction; and there is complete
control of the item being handled. The installa-
tion of such equipment, however, is costly.

e. Conveyors may be used effectively in mate-
rials handling. They may consist of a series of
rollers, endless belts, or a continuous chain as illus-
trated in figure 8.

(1) Roller conveyors may be gravity activated
or motor driven, They may be portable or fixed
The portable roller conveyor is most, often used in
loading or unloading at the truck dock. It may
also be used within the aircraft or the processing
facility. Unit conveyors, each 10 feet in length,
can be joined together when the distance requires
a longer run. Gravity type roller conveyors are
most ideally suited for unloading or losding of
objects which must be moved to a lower level.
Motor driven roller conveyors, generally known as
live conveyors, are advantageously used when ob-
jects must be moved a distance greater than 25
feet and the path of travel is not to a lower level.

(2) Belt conveyors transport items on a con-
tinuous motor driven belt. They may be used ad-
vantageously for moving objects from a lower to
a higher level. They may be employed as a port-
able unit or incorporated into a conveyor system
acting in concert with other types of conveyors,
Portable units are often mounted on vehicles and
used to lead or unload freight from an aircraft.

(3) Dragline conveyors or tow-typs conveyors
are continuously moving chains to which carts or
trucks are secured. The chain may be placed in a
track recessed into the floor or it may be moved
on an overhead beam. The floor recessed chain,
though more costly to install, eliminates the need
for overhead suspended moving parts with the
attendant safety hazard.

19. CONVEYOR SYSTEMS. These systems, used for
the handling of materials, are arrangements of
various types of conveyor components and are
considered as a key item in an integrated materials
handling system. A system may be an “open sys-
tem™ or a “closed system.” Open systems consist
of continuous conveyor lines on which it is possible
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to place or remove an article at any point. If the
article is not removed, it wil! continue around and
may be removed at any time without affecting other
items in the line. The towveyor, by the nature
of its operation, can only be considered an open
system. Closed systems contain branchoffs and
one or more dead ends.

20, INTEGRATED SYSTEMS. Materials handling
equipment may be integrated in such a way as to
incorporate a combination of the closed and open
systems and a number of diverse types of equip-
ment. Figure 9 on page 16 illustrates various types
of conveyor-equipment systems, A system may in-
clude a towveyor, or roller or belt conveyor equip-
ment in an integrated arrangement for handling
of freight. Large-volume freight operations can
be handled most efficiently by integrating both the
truck and the aireraft into the materials handling
system of the freight facilities.

2], PILOT SYSTEM

a. A system has been developed for the U.S.
Military Air Transport Service (MATS) bases
using conveyor lines in the building and con-
veyorized floors, rollers installed as an integral
part of the floor, in both surface and air transport
units, Where hundreds of tons of freight are
moved daily, it can be processed in minutes instead
of the hours required for a nonintegrated system.

b. When a truck pulls up to the dock, a con-
veyorized arm or telescoped roller conveyor is used
to reach the floor of the truck. A push bar on the
truck is activated by a winch within the truck
which moves the entire contents from the con-
veyorized floor of the van onto the conveyorized
arm. The freight is then moved on to the conveyor
system where it is to be processed to an assigned
aiveraft flight and section. Freight is stored on
branch conveyors until it is time for load build-up
or to palletize freight. All freight is unitized on
special pallets and is moved on to the conveyor
lines designated by destination and section number.
In this way, loads for each flight ean be set up in
sequence automatically.

¢. Pallets are guided throughout their travel by
tracks and slide on roller conveyors to a final posi-
tion on the floor of the aircraft. All conveyors
are designed into a common system so that it is
possible to unload an aireraft while freight to be
enplaned is prepared for shipment. Pallets con-
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taining loads up to 10,000 pounds are moved by
mobile loading equipment having a roller-con-
veyor-type floor. These loaders are designed to
move one or mors pallets depending upon the re-

OPEN SYSTEM

SYSTEM INTEGRATED
AIRCRAFT LOADING

quirements of the system complex.
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SECTION 3. AIRCRAFT LOADING

22, MAJOR FACTORS. Those factors associated
with aireraft loading also influence the planning
of operations in air carrier cargo facilities. Four
major points to consider in analysis of materials
handling systems and building-space requirements
are payload factors at takeoff, aircraft center of
gravity or weights and balances, destination and
routing, and aireraft loading characteristics.

23. PAYLOAD. The payload factor is the ratio
between tons of freight actually loaded and the
tons of freight permitted to be loaded on the air-
eraft. An aircraft capable of a takeoff payload
of 30,000 pounds but carrying only 18,000 pounds
is operating with a payload factor of 60 percent.
In such a case, the aircraft is not earning its full
potential. It is important that loading permit as
high a payload factor as practicable.

24, AIRCRAFT CENTER OF GRAVITY. Federal
Aviation Regulations establish performance re-
quirements for aircraft. Control of weights and
balances, thus the aircraft center of gravity, is
essential to the proper performance of the air-
craft. In all-cargo aircraft, the interior of the
fuselage is divided into sections. The manufac-
turer designates the maximum allowable weight
which may be stowed in each section considering
floor loading limits and proper securing of freight
for safe performance of the aircraft. Anexample
of a longitudinal cross section of an aircraft fuse-
lage indicating station divisions and the maximum
allowable load for each station is illustrated in
figure 10. This type of chart is used in estab-
lishing aircraft loading.

25. DESTINATION AND ROUTING

a. For an aireraft scheduled to fly from one
terminus to another, loading is quite different from
that for a flight with intermediate stops. In the
former case, only weights and balances must be
considered; but in the latter, it is necessary to
consider also the sequence loading. When freight
must be removed at intermediate stops, loads must
be arranged so that the deplaning freight can be

€hap. 2

removed easily without disturbing freight desig-
nated for other points. Freight also may be taken
on at these,intermediate locations to replace that
which was removed. When replacement loads are
not provided, the freight retained on the aircraft
may have to be rearranged to assure proper dis-
tribution of loads.

b. The destination of the aircraft is a deter-
minant in the amount of fuel that iscarried. (en-
erally, an aircraft scheduled to fly a short distance
may be capable of carrying a greater amount of
freight than if it were to fly a long, nonstop route.
However, the amount of payload that can be sub-
stituted for fuel is limited by the structural char-
acteristics of the aircraft. This is an important
consideration that influences the preparation of
aircraft loads.

26, AIRCRAFT CHARACTERISTICS

a. The location of the aireraft loading entrances
is a consideration in determining the preparation
of materials handling. All-cargo aircraft may be
loaded from the side, at either end, or both ends.
On aireraft that are side loaded, the large freight
doors are usnally on the left side of the fuselage.
The swing-tail all-cargo aircraft is an innovation
in design now used.

b. The floor height of the airernft varies from
44 inches, which is o “truck bed” floor height, up
to 12 feet in which case the aircraft is known as
“high floor™” aiveraft, It is possible to load or un-
load a *“truck bed” floor lheight nircraft directly
from the freight truck and to design the entire sys-
tem for this common height. Some means of lift-
ing the freight to the floor level of a “high floor”
aircraft are needed.

c. Controlling the proper load distribution in
combination aireraft is not as simple as in the all-
cargo configuration. Generally, cargo is placed in
baggage compartments in the underside of the pas-
senger aircraft as “topoff” load. The number of
passengers and their baggage will vary consider-
ably and controls the amount of cargo that may be
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stowed in the baggnge compartment. This vari-
ance 2lso makes the maintenance of proper load
distribution more complex.

d. For piston-type combination aircraft, the
space designed for cargo and baggage has not
allowed for an efficient mechanized system of con-
tainerized loading. Consequently, it is necessary
to load freight and baggage manually. However,
the amount of space available for baggage in such
an aircraft is relatively small and the time required
to place a load on the aircraft is not critical.

e. On some large jet combination aircraft, bag-
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gnge and cargo loaded in the underside of the plane
are carried in special containers. These contain-
ers, shaped to fit the aircraft fuselage, slide into
the lower compartinent of the airplane and have a
capacity of approximately 1,500 pounds. They
are preloaded in the air eargo facility, delivered to
the aireraft on the loading apron, placed aboard
the aircraft by means of a special hoist, and in-
stalled in the baggage compartment, With such
system, the freight is offlonded and onioaded
within the time it takes to deplane and enplane
passengers and to refuel the aircraft.
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CHAPTER 3. AIRPORT CARGO CENTER AND ITS BUILDINGS
SECTION 1. AIRPORT CARGO FACILITIES

27. INTERRELATIONSHIPS OF FACILITIES. As the
air cargo industry grows, the complex on the air-
port designed to handle air cargo becomes a signifi-
cant element in airport planning and design. The
discussion of the various components of air cargo
industry in chapter 1 explained in part the essen-
tial interrelationships of the facilities that may be
necessary at an airport cargo complex. These
facilities must provide for the efficient transfer of
air cargo between surface transportation and air-
craft. For larger airports, the complex may in-
clude a number of air carrier cargo facilities or
multiple-occupancy buildings.

28, DESIGN CONSIDERATIONS

a. The elements that compose the airport cargo
center facilities and establish their character, size,
and configuration will depend on the level of
activity of the air cargo industry in the community
served. The architect-engineer should work
closely with the air carriers, air freight forwarders,
truckers, and airport management to determine

Far. 27

what is needed including any special requirements
peculiar to these facilities. The resulting design
must satisfy present requirements and provide the
flexibility necessary for future expansion. Build-
ings should be oriented, and land should be avail-
able to enable a logical expansion plan. This is
discussed in section 3 of this chapter.

b. The air carrier eargo facility is the core of
the cargo center, and the emphasis in this chapter
is on that facility. It may be treated as a single
building or combination of elements under one
roof sufficiently integrated to permit operation as
a single entity.

¢. The design program, in the architect’s vocab-
ulary, denotes the building users space require-
ments. It is one of the basic essentials for a suc-
cessful solution to the design >f any building.
Fundamental considerations in developing a pro-
gram are the elements of the building, the amount
of space needed by each element, and the relation-
ships between the spaces.

Chap, 3
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SECTION 2. AIR CARRIER CARGO BUILDINGS

29. ELEMENTS OF THE BUILDING

&. An air carrier cargo building may be planned
for single or multiple occupancy. The type of oc-
cupancy normally will depend on the potential for
air cargo industry growth in the community being
served and the volume of business genernted by
each of the airlines. At airports where there are
a number of carriers, ench generating only nomtinal
amounts of freight daily, a multiple-ocenpancy
building can provide adequate space to satisfy the
needs of all. Single- or double-occupancy build-
ings with adequate aireraft apron space should be
considered for those air carriers that operate all-

PROCESSING AREA

FIGURE 11.
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PERSONNEL AND
CUSTOMER
ACCOMMODATIONS

cargo schedules and handle larger amounts of air
freight.

b, There are four major functional elements to
consider in the design of the air carrier cargo
building. These are the freight-handling areas,
administration area, personnel and customer ac-
commodations, and service facilities, Figure 11
indicates diagrammatically the space relationships
for functions within the air carrier cargo facili-
ties. Airport eargo buildings should be designed
for planned expansion in both length and depth,
where economically feasible, and fixed support
facilities so located to avoid interference with such
expansion.

ADMINISTRATION

SPACE RELATIONSHIPS WITHIN BUILDINGS,
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AC 150/5360-2
April 6, 1964

30. TRUCK DOCK FACILITIES

a. There must be a sufficient number of truck
stations to serve truckers, air freight forwarders,
and others for both incoming and outgoing ship-
ments. In addition to truck dock positions, con-
sideration should be given to providing facilities
for the airport-to-airport customers who use other
than trucks to deliver or pickup small shipments.

b. The number of truck dock spaces will vary
with the airline operation and the community. To
determine the optimum number requires detailed
analysis of truck arrival in a peak hour, the service
time at the dock, and the acceptable waiting time
for those experiencing delays.

¢. The minimum number of dock spaces required
for incoming trucks can readily be determined.
Assume for example a normal “stripping” or un-
loading rate at each dock space of approximately
5,000 pounds per hour. This rate includes time
allowed for delays and spotting of vehicles. For
an inbound volume from trucks of 90,000 pounds
of freight and a time allowed for “stripping” ve-
hicles of 3 hours, the unloading would have to be
accomplished at the rate of 30,000 pounds per
hour. Thus, there would be a requirement for 6
truck spaces at the dock for this operation,

d. The width of each truck station should be a
minimum of 12 feet to allow for parking of large
vehicles. Building door openings at each station
should be a minimum of 10 feet wide by 10 feet
high. Extensive open platforms are not recom-
mended because freight left in the open is subject
to pilfernge and damage from inclement weather.
Protection from the weather for freight and per-
sonnel during stripping or loading operations
should be provided by an overhang canopy of at
least 5 feet. Clearance above the top of the parked
freight van should be approximately 18 inches.

e. Building floor heights may vary from 44 to
47 inches above grade. There are a number of
leveling devices for accommodating truck bed
heights ranging from 30 inches for a pickup truck
to 50 inches for a large tractor-trailer.

31. PROCESSING AREA

a. Receiving, sorting, weighing, labeling, and
building up of loads for shipment are the major
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activities in the processing of freight from the
truck to the aircraft. There are a number of fac-
tors which have a profound effect on total space
requirements,

(1) Cargo turnover is affected by such vari-
ables as types of aireraft, frequency of service,
time of day of arrivals and departures inbound,
outbound, and directional preponderance of cargo.

(2} Density of cargo accounts for consider-
able dimensional disparity. A ton of cut flowers
occupies many times more space than a ton of ma-
chine parts.

(3) Charecter of cargo creates a need for
gpecific space allocation. Refrigerated storage is
required for perishable cargo, and other tempera-
ture controlled areas are needed for live cargo.
Bonded storage is needed for customs, import/ex-
port control, as well as security accommodations
for valuable cargo.

(4) Methods of handling and storing cause
variations in space requirements. Qperations uti-
lizing forklifts and pallets require more square
footage for circulation and maneuvering.

b. The arrangement of space in the load build-up
areas is also influenced by aircraft loading charac-
teristics. Space should be planned for sequence
loading to provide for distribution of weight in
the aircraft and for easy removal of loads at des-
tinations. Freight to be loaded on combination
aircraft should be kept separate from freight to be
loaded on all-cargo aircraft. Loads to be unitized
on pallets, loads to be unitized in containers, and
those to be loaded on aircraft manually should be
controlled by providing separate but adequate
space for each. The types of aircraft and the
numbers of each type being served by the facility
should be given careful study.

e. Consultation with the users as to the type of
materinls handling systems to be employed is es-
sential and will be most helpful in this area of
design. As materials handling systems for the
air cargo industry are developed and improved,
space requirements for the load build-up ares and
other operations may be reduced substantially.
Figure 12 indicates diagrnmmatically suggested
space requirements for receiving and processing
areus.
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SPACE REQUIREMENTS IN THOUSANDS OF SQUARE FEET
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32. ADMINISTRATIVE AREA, AND CUSTOMER AND
PERSONNEL ACCOMMODATIONS

a. Adequate administrative space is necessary
for efficient management of cargo operations. The
control of all activity is dependent upon decision-
making personnel who must have adequate office
accommodations. A thorough analysis of the
duties and responsibilities of the administrative
personnel should be made prior to preparing the
design program of the building. 'The number of
employees that may ultimately be employed in the
management of operations should be studied.

b. Reception areas should be provided to handle
customers. In addition to serving as a receiving
point for visitors, small packages may be claimed
or bills may be paid here. There should be suffi-
cient space for a counter, accommodations for cus-
tomers, and cases for display of brochures and
other sales material.

¢. Sales offices may be required by some airlines.
Space in the sales office should provide for desks,
files, and facilities for telecommunications. Files
should be readily accessible to all the salesmen.
The sales office may serve also as a customer serv-
ice center or clearinghouse for telephone inquiries.
Close communication must be maintained between
this office, receiving, aircraft space control, and
accounting.

d. Management and general office space require-
ments are dependent upon variables such as the
type of operation, the amount and type of freight
processed, and the community being served. Ac-
counting and records offices may be necessary
facilities for operations of any sizable magnitude.
The space required varies with the type of record-
keeping and accounting equipment that may be
used such as automatic filing systems and data-
processing equipment.

e. Communications centers assist management
in the efficient movenient of freight. Each facility
component. must be kept informed of changes in
schedule, cargo space available, and of special
shipments requiring unusual attention. The com-
munications center can serve as the central nerve
system. It can provide the link between adminis-
tration and operations. Space may be required
for teletype machines and closed-circuit television
facilities in addition to sufficient desk space for
communications personnel.
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f. Aircraft space control office requirements are
dependent upon the amount of freight handling
activity. This office may be placed in the receiv-
ing area or in the administration offices. Space
must be provided for computing and communica-
tions equipment and for aircraft charts indicating
eargo space available on the aircraft. These func-
tions are closely related to those of receiving and
processing and to those of the communications
center. Provisions should be made to facilitate
close liaison with these interrelated functions.

g. The number of personnel employed in cargo
operations will vary not only with the type and
volume of freight handled but also with the
materials handling system used and the scheduling
of pircraft loading operations. A careful study
should be made of all factors including local codes
and state labor laws to assure adequate provision
for employee needs. Figure 12 indicates suggested
space requirements. This overall area may be
allocated to administration, customer accommoda-
tions, and personnel accommodations such as rest
rooms, locker rooms, and lunchrooms, A first aid
room, pilot-ready room, or other specialized area
may be included dependent on circumstances
peculiar to proposed facilities.

33. MAINTENANCE, SERVICES, AND STORAGE

2. In order to provide for an efficient operation,
equipment must be kept in good working order
at all times. Maintenance and storage of
materials handling equipment, such as containers,
should not be overlooked. The functions of
maintenance and storage may be joined, or they
may be completely separated. The manner in
which these functions are handled depends largely
on the type and amount. of equipment used.

b. For large operations, maintenance and servic-
ing shops may be necessary to provide repairs for
such items as pallets and containers, forklift
trucks, conveyors, and other materials handling
equipment. Webbing used to secure freight
against dislodgment in aircraft requires periodic
repair. The maintenance and the servicing shops
may be centrally located in the cargo complex, or
they may be constructed as a part of the air
carrier’s individual freight handling facilities.

c. Garage or hangar space may be required for
larger pieces of equipment, such as scissors lifts,
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mobile freight loaders, or other vehicles used in
the freight loading operations. In some cases, it
may be economically more practical for the air
carriers if this space and this type of equipment
are furnished by the airport management on a
rental basis.

d. Space required for building utilities, such as
plumbing, heating, ventilating, air conditioning,
electricity, and gas depends primarily on the geo-
graphical location of the airport. Other factors,
such as requirements of servicing equipment, type
of fuel available in the area, and accessibility of
public utilities to the airport cargo center, also
must be considered. All utilities may be centrally
located on the airport and furnished to users by
airport management. Each building may house
its own space for tho provision of these utilities.
Careful consideration must be given by the
architect-engineer to this aspect of the building
design in order to make sufficient provision for all
necessary building areas.

34, SPECIAL HANDLING

a. Some types of freight require special han-
dling, that is, facilities and techniques not ordi-
narily used for normal itams. Requirements
depend on the policy of the air carrier in accepting
shipments that require special technigques. Basi-
cally, four types of shipments which fall into the
special handling category are live animals, perish-
ables (pharmaceuticals, meats, produce, and
flowers), and bonded and valuable shipments.

b. If the volume of live animal shipments is ex-
pected to be large, specinl provisions for them
should be given consideration. Heating, ventila-
tion, cleaning facilities, fresh water supply, cages
and stables, and storage facilities for handling,
cleaning, and feeding equipment will require
study. Consultation with the local chapter of the
Society for Prevention of Cruelty to Animals
(SPCA) is suggested.

¢. Perishables are being shipped in increasing
quantities. Bonded and other valuable freight
processed varies not only with the economic char-
acter of the community but also with the seasons.

35. FACILITIES AT INTERNATIONAL AIRPORTS. Air
carriers providing service for overseas shipments
at international airports will require space for
inspection of deplaned freight. Consultation with
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Burean of Customs, Agricultural Research Serv-
ice, and Public Health Service officials in addition
to the airlines is essential in developing a proper
design program for this area.

36. BUILDING CONSTRUCTION

. Building design consistent with functional
requirements and the need for economical construe-
tion and maintenance cannot be overemphasized.
Airport buildings are often constructed in areas
beyond the jurisdiction of a city building code.
Materials and methods of construction and design
of an airport cargo building may or may not be
governed by a building code of the local commu-
nity or regulations established in state labor laws.
When local codes are applicable, particularly in
small communities, the standards designated in
such codes are sometimes below those acceptable
as good architectural or engineering practice for
buildings on airports.

b. It issuggested that airport owners voluntarily
adopt standards from one of several recognized
sources. Standards representing good practice
can be found in the “Recommended Building
Code” of the National Board of Fire Underwriters
(NBFU). “The Uniform Building Code”
adopted by the Pacific Coast Building Officials
Conference and the “Southern Standard Building
Code” prepared by the Southern Building Code
Congress are also excellent guides.

¢. Selection of the structural system to be used
for the building should be based on careful con-
sideration of the insurance rates for various classes
of building construction and occupancy. The ini-
tinl cost of fire-resistant construction nay be higher
than other types of construction, but a lower insur-
ance rate will often offset this higher initial cost.
Fire is not the only hazard about which the de-
signer must concern himself. Protection against
pilferage, vandalism, or possible sabotage in time
of emergency should be considered in choosing ma-
terials of construction. The location of the build-
ing and the types of commodities moved through
the facility will also influence the type of con-
struction.

d. Structural systems having the capability of
economically spanning as much as 100 feet provide
greater flexibility in building design and space ar-
rangement. Clear-span structures are desirable
because they allow for greater maneuverability of
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forklift trucks and other freight handling equip-
ment. Large-space areas, free of columns and
bearing walls, can be divided and adapted to sat-
isfy the changing demands of functional opera-
tions. Roof construction and roof design loads
vary with the area of the country. The recom-
mended code of the NBFU suggests that ordinary
roofs, either flat, pitched, or curved, be designed
for not less than 20 pounds per square foot of
horizontal projection in addition to the dead load
and wind or other loads.

e. Floor construction, according to the NBFU-
recommended National Building Code, should be
designed and constructed for the greatest loads that
are anticipated by the user. Provision should be
made for such items as floor scales, pit elevators,
and recessed tracks for towveyor systems. Floors
in the office areas, where extensive filing systems
are maintained, should be designed to carry a mini-
mum uniformly distributed load of 125 pounds
per square foot.

f. Selection of doors must be given careful con-
sideration, Overhead and roll-up doors are sug-
gested in nreas where there is movement of freight.
The tracks of the overhead-type door should be
installed to provide as much headroom &s possible
within the building.

g. Bumpers and guards for protecting truck-
dock edges are available in many designs. The
nature of activity, the devices used for loading op-
erations, and the amount of traffic are the deter-
minants in making a selection. The use of
bumpers and guards will help keep maintenance
of dock areas to a minimum.

h. Interior finishes depend upon local factors,
but they should be selected from the standpoint
of minimum maintenance. The functional use of
the area should be the determining factor in the
selection of the finishes. In the processing and
storage areas of the building, a smooth concrete
finish for the floor should be adequate. A harden-
ing additive may be used in the concrete to make
a durable surface.
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i. The toilet rooms should have floors and walls
finished with a hard impervious material for ease
of cleaning and maintenance. The wall finishes
may be an integral part of the wall construction,
such as glazed partition block or glazed brick
where budgets permit. The locker room floor
should have a painted, smooth finished concrete
floor if costs must be kept at a minimum. Walls
may be painted masonry units or plaster. Since
locker rooms are generally noisy places, an acoustic
ceiling should be considered for this nrea,

j. There is a wide selection of finishes available
for administrative arens. For the floors, rubber
and vinyl tile finishes generally provide a durable
floor but may be difficult to maintain in areas adja-
cent to the processing areas. Walls may be
painted plaster, wood veneer, or plastic. Pre-
finished or plastic-coated wood veneers are avail-
able that can be economically installed and provide
a durable surface requiring little maintenance.
Acoustic ceilings are recommended for these areas.
“Airport Terminal Buildings” contains informa-
tion on noise control which may be helpful to the
designer.

37. UTILITIES

a. Heating and ventilating requirements vary
with the climate and the requirements of the user.
It may be possible to integrate systems with the
humidity and temperature control required for
handling special commodities. A system which
will provide proper year-round conditioning of air
particularly in administrative areas is important.

b. Electrical and lighting systems should be ade-
quate for the designed functions. The require-
ments of the electrical service vary with the size
and character of the facility. Much will depend
upon the nature of the materials handling system
used. Minimum required lighting levels may be
governed by local codes or state labor laws; how-
ever, these may sometimes be below those ac-
ceptable as good architectural or engineering
practice for buildings on airports. It is recom-
mended that airport owners voluntarily adopt the
standerds from one of several recognized sources.

Par. 36
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SECTION 3. AIRPORT CARGO CENTER LOCATION

38. IMPORTANCE OF SITE PLANNING. The com-
plex on the airport specifically designed for the
handling of air cargo is one of the major elements
on the airport. The airport cargo center must be
sited in a location that will contribute to the effi-
cient transfer of cargo between surface and air
transport. The selection of an appropriate site
ig the decision which determines to a large extent
the effectiveness of the air cargo operation. The
location of the elements of the complex in proper
relationship to each other is of equal importance,

39. LOCATION ON THE AIRPORT

8. Four primary considerations dictate the selec-
tion of the site on an airport for the cargo com-
plex.

(1) Taxi distance from the most used run-
ways should be as short as possible, and yet there
should not be interference with passenger opera-
tions,

(2) The site should be readily accessible by
surface vehicles from the passenger aircraft load-
ing positions for eflicient servicing of aircraft
carrying both passengers and cargo.

(3) The complex should be readily reached
from all access roads to the airport to assure non-
intereference of vehicular traffic with aireraft
movement areas.

(4) Adequate space should be allowed for ex-
pansion of air cargo operations without encroach-
ing on other airport functions particularly
without interfering with the expansion of the
passenger terminal.

b. These four primary considerations indicate
the general relationships with other functions and
activities, They require extensive study to deter-
mine the degree to which they can be met on any
individual airport. This study can best be made
through the medium of an airport layout plan in
which the advantages of possible locations and
their effect on other airport facilities and opera-
tional activities can be objectively weighed. The
importance of making provision for airport cargo
center facilities in the airport layout plan cannot
be overemphasized.

Par, 38

40. PLANNING CONSIDERATIONS. The general
location of the cargo complex having been estab-
lished and the preliminary design concept of the
building groups selected, a number of other fac-
tors should also be studied prior to adoption of a
siting plan.

a. The arrangement of buildings and associated
support facilities is important to satisfactory and
efficient use, and it also affects future expansion of
individual buildings. Important in this regard is
consideration of spacing of buildings for access,
vehicular circulation, and fire and safety clear-
ances. Vehicular access and roadways, and park-
ing areas are discussed in detail in the paragraphs
that follow. Proper orientation of buildings, with
respect to these factors and the prevailing winds,
is essential to the functional operation of the build-
ings. Economical design dictates the need for
balanee of requirements for paved areas with other
considerations discussed heretofore. Good drain-
age, consistent with driveway, parking, and pedes-
trian access requirements, is a necessary design
consideration.

b. Noise is a consideration which must not be
overlooked. Acoustical trentment has been men-
tioned in paragraph 36 on page 25, but there are
additional efforts which can be made through
proper landscape planting for sound absorption.

41. CARGO CENTER SITE PLAN

a. To illustrate the application of functional
relationships discussed in this chapter and in
chapter 1, a diagramimatic site plan has been de-
veloped. Figure 13 indicates the relationships of
faeilities for a number of air carrier cargo opera-
tors, truckers, air freight forwarders, air express
(REA), and airport mail facility (AMF).

b. The site plan orientation on the airport estab-
lishes optimum relationships of aireraft parking
apron, and access and service roads discussed in
the following paragraphs. Guidance material on
the total concept of the airport layout plan may
be found in “Airport Design.”

Chap. 3
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42. AIRCRAFT PARKING APRONS. Paved apron
requirements for aircraft parking and loading
positions adjoining air carrier cargo facilities are
dependent upon the type and size of aircraft used,
airline schedules, and the type of materials han-
dling system used. The discussion in chapter 1 in-
troduced the relationships of facilities to aircraft
parking aprons. This discussion clearly indicates
the importance of direct access from certain facili-
ties to the passenger loading apron, of access to
both combination and all-eargo aircraft aprons
for others, and for completely integrated building-
apron relationships for certain material handling
systems. Information on space requirements for
aircraft apron parking positions can be found in
“Airport Design.”

43, ACCESS, CIRCULATION, AND PARKING. Dis-
cussion of ground vehicle movement considerations
is presented in general terms. Detailed gnidance
material for the planning and design of traffic
and parking facilities can be found in “Airport
Terminal Buildings.”

a. Reads. Accessto and egress from the airport
cargo complex and circulntory roads within it
should be direct and unimpeded. There should
be as little interference as possible with airport
passenger vehicular traffic. In those cases, where
the number and types of trucks using the access
roads will cause frequent passenger traffic conges-
tion, separate roads should be designed specifically
for truck traffic leading directly to the cargo cen-
ter. Visitors, passengers, and customers should
be provided convenient access from the passenger
terminal area.

b. Truck Parking

(1) Parking areas required include those de-
signed to serve the trucker, the customer and visi-
tor, and the employee. Planning of truck park-
ing spaces and maneuvering areas will probably
present a difficult problem because of the many
variables. Maximum truck sizes vary from state
to state as shown in figure 14. Trucks bringing
freight to the cargo center will be of many types
and sizes. Parking areas and truck-dock facili-
ties with adequate maneuvering space must be
provided for movement of vehicles without cre-
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ating bottlenecks during peak loading and
unloading hours.

(2) Generally, the recotnmended distance for
maneuvering from the loading platform to the
nearest obstruction is twice the length of the larg-
est rond vehicle expected to use the facility. The
Ailr Transport Association suggests a minimum
overall depth of 100 feet for the terminal-truck
apron which will allow 75 feet for maneuvering
of trucks plus a 23-foot-wide access roadway.
Minimum interference distances may in effect be
less when tractors with smaller turning radii are
used, when the spacing between trailers is in-
creased, or when a saw-toothed loading platform
design is used. Other problems, such as com-
bination vehicle maneuvering distances, determin-
ing width of an entrance gate, or space required for
saw-toothed dock designs, require detailed anal-
ysis.

c. Customer and Visitor Parking. Those seeking
service should have the most direct access possible
to the reception areas of individual air carriers,
freight forwarders, and other service facilities.
These parking spaces may be adjacent to the build-
ing in conjunction with the truck parking area.
Permanent parking areas should not be located
where expansion of buildings is being contem-
plated.

d. Employee Parking, Sufficient parking should
be provided for employees’ cars which are gener-
elly parked for a period equal to the length of the
working day. Since the employee does not
usually require ready access to his car during this
period, it is not necessary to locate the employee
parking aren directly adjacent to the freight han-
dling facilities, Where the airport is relatively
small, nn employee parking area common to all
operational functions on the airport may be ade-
quate for parking needs. For the Jarger airport,
strategically located parking spaces which may
be used by all employees of the airport cargo com-
plex should be considered. There may be just one
of these areas planned neat the center of activity,
or there may be several dependent upon the size
and spread of the airport cargo complex. Admin-
istrative personnel usually require parking spaces
adjacent to the office area because they may have
to use their ears frequently during the working
day. :

Chop. 3
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1. PURPOSE

This advisory circular presents background and
guidance material on air cargo facilities. Thisin-
formation has been developed to encourage the
growth of all segments of the air cargo industry
nnd to provide assistance in the planning of air-
port. facilities.

2, REFERENCES

Other Federnl Aviation Agency publications
which provide additional related information are
the following:

8. “Airport Design,” 1961, Supplement No. 1,
1962,

b. *Airport Terminal Buildings,” 1980,

3. AIR CARGO INDUSTRY

In the broadest terms, the air cargo industry in-
cludes that seement of commercial air transporta-

tion which handles the transfer of everything but
pnssengers and baggnge. Air freight, air express,
air mail, and parcel post are all part of the air
eargo picture; but mail and parcel post are usually
handled in ground facilities which are separate
from the normal nirport cargo facilities, This ad-
visory cireular discusses the Intter in detail. Air-
port Mail Facility requirements are a special case
within the province of the Post Office Department
and not covered in this publication except for stn-
tistical data and brief references.

4. HOW TO GET THIS PUBLICATION
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CHAPTER 1. AIR CARGO INDUSTRY
SECTION 1. INTRODUCTION

1. AIR CARGO, PAST TO PRESENT

a. In 1910, when Philip O. Parmales flew a bolt
of silk from Dayton to Columbus, Ohio, in &
Wright Brothers biplane, the air cargo industry
was born.  However, it did not begin to spread its
wings in the United States until more than 30
vears after this historic incident. The “bush”
flyers of Canada were supplying outlying regions
of that country early in aviation history. During
the twenties and thirties, industry in some coun-
tries of Europe and Latin Americe was profiting
by shipping commodities by this new mode of
transportation,

Although some commercial airlines were stow-
ing freight on passenger aircraft as early as 1932,
it was not until 1944 that the first regularly sched-
uled all-cargo DC-3 service was started by a cer-
tifiented carrier. During World War 11, the air-
plane demonstrated conclusively its capability of
hauling almost every conceivable commodity, large
and small. Following the War, the air cargo in-
dustry began to grow; and by 1947, 38 million ton-
miles of freight were carried domestically. Eco-

Chap. 1

nomic soothsayers at all levels were optimistic
about the future of the air eargo business,

2. EARLY FORECASTS AND PERFORMANCE

a. The Department of Commerce, Civil Aero-
nautics Administration, in a staff study issned in
1952, forecasted that by 1956 this growing domestic
industry would be flying an estimated 400 million
ton-miles of cargo. In contrast, some elements of
the industry were very optimistic and had fore-
casted over a billion ten-miles by 1955. Actual
growth, however, fell considerably short of this
mark. The 350 million ton-miles flown in the year
1955, and slightly more than 600 million ton-miles
in 1960, quite closely followed the more con-
servative forecasts.

b, Figure 1 is n graphic presentation of the
air cargo industry’s growth in the United States
from 1950 to 1962 and indicates the nominal
growth during this peried. The growth patterns
of four communities with cargo operntions over
this same period are illustrated in figure 2 on
puge 3,
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SECTION 2. GROWTH POTENTIAL

3. MODES OF TRANSPORTATION. Air cargo busi-
ness interests have been cautious in preparing plans
for future growth perhaps because of early erratic
growth and lag in reaching the mere optimistic
predictions of accomplishment. Unquestionably,
o high potential for increased business exists. In

1961, only six-hundredths of 1 percent of all do-
mestic intercity freight was shipped by air. Fig-
ure 3 illustrates intercity ton-miles, public and
private, by surface modes of transportation for
the two-decade period ending in 1960, as reported
by the Interstate Commerce Commission.
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4. TRENDS IN AIR CARGO TRANSPORTATION

#, The conversion by major air enrriers to tur-
bojet and turboprop nircraft which began in 1957
has had an effect on the air cargo industry. The
baggnge compnrtments of these combination pae-
senger nircraft have several times the carrying
capacity of like compurtments of piston-type air-
craft. These combination-type aircraft will con-
tinue to maintain an important role in the total
supply of air cargo trunsportation. Many of the
large piston-type aircraft have been converted for
all-cargo operations, The all-cargo airernft, Can-
adair CI~44, Boeing B707-321C, B707-323C, and
B707-373C, and Douglas DC-8F, have been inte-
grated into air freight service; the Bosing B707-
820C and B707-331C have been on order for some
time with delivery beginning this year; and the
Lockheed 1-300, commercial version of the C-141,
is scheduled for delivery in 1966. This increased
availeble capacity for transporting air cargo has
caused aviation interests to re-evaluate total indus-
try potential. _

b. Together, the air carriers and aircraft manu
facturers have embarked on a program of research
on commodities being carried by surface transport.
The types and densities of various commodities
- shipped, as well as their origin and destination, are
being closely studied in an effort to develop a basis
for better forecasting. Programs of study for
more efficient management and materials handling
systems have been initinted. The progress of the
1.8, Aiv Force in its development of air freight
facilities for the Military Air Transport Service
is being watched closely by the aviation industry.
Most of the studies being made are aimed at find-
ing ways to reduce total operating costs which
world place the air freight carriers in o better posi-
tion to compete with surface transport carriers.
Information available indicates that costs to the
shipper are in the range of 3 cents to 8 cents per
ton-mile by surface transport in contrast to an
average of 25 cents per ton-mile for the snme serv-
ice by nir.

Chap. 1
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¢. Trends in the industry point (o

(1) Mechanized systemns for ground hnndling
of anir freight.

(2) Tutegration of systews with ground and
air transportation and materinls handling opera-
tions.

(3) Containerization of shipments.

(4) Automation of documentation and com-
munication in an etfort to reduce indivect costs of
terminal handling.

(5) Utilization of all-cargo nircraft designed
specifienlly for the enrrying of air cargo and ca-
pable of handling lurger loads, traveling greater
distances, and operating at much lower systems
costs.

5. GROWTH FORECASTS

a. Some forecasters remnin optimistic nbout the
future growth of the air cnrgo industry and are
predicting a rate of growth of as much as 25 per-
cent per, year during the decude ending in 1970.
This would indicate that there will be about 6 bil-
lion ton-miles of air cargo flown during the year
ending this period of forecnst—n tenfold increase
in 10 years. Should such forecasts prove to he
correct, nirports in some of our large hub communi-
ties will be noticeably nffected.

b. The Federal Avintion Agency is considerably
more conservative in its forecast and predicts 2 bil-
lion domestic air ¢argo ton-miles for 1970—a four-
fold increase. Figunre 4 is a graphic presentation
of the future growth of air cargo as viewed by
the FAA,

c. In sharp contrast to the domestic situation,
developments in the air enrgo industry for foreign
trade are moving more mpidly. In 1960, carriers
of oversens shipments reported a 40 percent in-
crense over the previous year in ton-miles of freight
and express transported. Major airlines involved
are taking steps to maintain this growth by plan-
ning large-seale improvements in freight-handling
facilities.

Par. 4
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SECTION 3. COMPONENTS OF THE INDUSTRY

6. MAJOR COMPONENTS. There are five major
components of the air cargo industry which must
be considered and which influence analysis of air-
port cargo facilities. A number of components
may be found to be associated with the air carrier
facility, particularly in the case of an all-cargo air-
line. The major components are the air carrier
facilities with associated trucking company facil-
ities, air freight forwarder facilities, air express
facilities, and air mail facilities. These are dis-
cussed in terms of their associated facilities and
their distinguishing characteristics in order to give
the architect-engineer background information,

7. AIRPORT MAIL FACILITY

1. The volume of air mail processed averages
npproximately one-third that of air freight and
express. The Post Office Department offers to
the shipper of small packnges a fast, economi-
cal, and reliable service through Domestic Air
Parcel Post. It generally is cheaper to ship pack-
nges of 2 pounds or less through this service be-
cause other services hnve minimum rates for small
shipments generally in excess of the Post Office
Department’s rate.

b. The use of the airways for sending mail has
been increasing steadily. Indications are that the
increase will continue. Procedures for handling
mail are eontinuously being evitluated by the Post
Office Department.  Improvements, as made, will
affect revisions in space requirements for mail
facilities on the airport. Present plans call for
greatly expanded mail-handling facilities at a
nunber of the major airports in the country.

¢, Air mail and air parcel post are tendered to
air carviers for priority loading and unleading at
the destination. Fivst-class-mail-by-nir 1s placed
on combination aireraft for “topofi” loading space
available to an aeceptable aireraft weight.  Al-
though the greater percentage of air mail and air
parcel post is transported on combination aireraft,
there is some use made of all-vargo equipment.
To provide the service to the patron desired by
the Post Office Department, fast handling in the
airport muil facility and in exchanges with air

Chap. 1

carriers is most important. It is frequently neces-
sary that volume dispatches to a particular flight
bypass the airport mail facility. Thus, the air-
port mail facility needs to be conveniently located
with access to both the airline cargo facilities and
the passenger terminal loading apron. Adequate
access rondways not crossing runways or taxiways
are most important.

d. Although the volume is not ns great at air-
ports which do not have an airport mail facility,
fast and efficient exchange with air carriers at a
central point is highly desirable. Such a facility
could consist merely of a truck dock for this pur-
pose with the capability of storing mail available
in advance of flight or truck departure. Thisarea
should be centrally located and readily accessible
to aireraft parking aprons. The functions to be
accomplished include receiving and dispatching to
carriers, coordinating post office truck movements,
and overseeing air carrier postal activities.

8. AIR EXPRESS FACILITY

a. Air express is handled by the Air Express
Division of REA FExpress (Railway Express
Agency) and is forwarded on combination and all-
cargo airernft of the certificnted airlines. Pack-
ages are picked up directly from shippers and de-
livered to consignees in all cities and principal
towns, Thersaredifferencesin the rate structures
of minimum charges which determine whether it is
more economical to ship packages by indirect or
direct carriers. Air express is loaded on aireraft
at a priority below passengers rather than on a
first available space priority as is air freight and
first-class-mail-by-air. Statistics from the Civil
Aeronautics Board indicate that air express aver-
ages approximately 10 percent of domestic air
freight tonnage.

b. The majority of air express shipments are
placed on combination nireraft. The movement of
shipments from the air express facility to the
cargo processing facilities of the air earrier is a
transfer operation. This processing is necessary
to maintain efficiency in aircraft loading. The
air express faeility needs to be conveniently located
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with nccess to both the air carrier cargo facilities
and the passenger terminal londing apron.

9. AIR FREIGHT FACILITIES

a. Nonprohibited shipments of any size, weight,
and shape can be sent by air, limited only by di-
mensional characteristics of the aircraft and its
gross weight limitations. Almost all scheduled
airline flights carry air freight. Also, all-cargo
aireraft are now operated between most major
cities with either direct or connecting trucking
service svailable to points beyond communities
served directly by air. The customer has a choice
of air freight services—the services of an air
freight forwarder or the direct carrier service of
an airline. When using the air carrier, he may
request door-to-door service, or he may deposit the
shipment. at the airport of origin and have the con-
signee pick it up at the airport of destination.
This latter type of service is generally known as an
airport-to-airport service.

b. The interrelationships involved in the vari-
ous kinds of air freight facilities are not as clear
cut as the relationships described in paragraphs 7
and 8. Much depends upon the individual circum-
stances at an airport and the number of possible
services available. The overriding factors affect-
ing these interrelationships are the number of air-
lines operating passenger services, the number of
airlines operating separate cargo facilities, and
the number of competitive systems of ground
transportation to and from the airport for air
freight.

10. AIR FREIGHT FORWARDER FACILITY

a. The air freight forwarder operates as an indi-
rect carrier under authorization of the Civil Aero-
nautics Board and provides all services except the
direct operation of aircraft. Since the forwarder
is not limited in regard to routes and points served,
its tariffs are filed and approved for worldwide
services. The forwarder provides complete trans-
portation service from shipper to consignes. The
amount of air freight generated by the forwarder
is relatively high, Of the total domestic freight
revenue, approximately $160 million for 1960, for-
warders grossed approzimately $35 million or ap-
proximately one-fifth of airline domestic freight
revenue.

b. The operations of the forwarder, more than
cne of which may be located within the airport
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complex, generally consist of consolidating pack-
age units for shipment and transferring these ship-
ments from his facility to those of the airlines.
The 1960 statistics for larger forwarders indicate
that they received almost 3.5 million shipments
and consigned approximately 92,000 consolidated
shipments to the airlines. Since the forwarder
has basically a transfer and consolidation opera-
tion, a large percentage of the releases to the air-
lines will pass through an air carrier cargo facil-
ity with the remainder going aboard combination
sireraft. Thus, convenient access to both the air
carrier cargo facilities and passenger ferminal
loading apron is essential.

11. AIR CARRIER CARGO FACILITY

a. The facilities of the airlines for handling air
cargo are the core of cargo operations and the
center about which the other related services and
activities are located, The purpose of this dis-
cussion is to establish the relationship of all other
components of the industry to the direct carrier
actually accomplishing air cargo movement.

b. Airport-te-airport service in which shipments
are deposited nt the air carrier cargo facility has
been identified as one type of air freight service.
To satisfy demands of customers for door-to-door
service, the airlines normally do not operate a
fleet of trucks but contract with truckers to have
this work done for them. This is accomplished
through Air Cargo, Inc., an organization owned
by all of the dometic airlines, Air Cargo, Inc.,
arranges for one trucker to handle all door-to-door
shipments of all airlines at a particular airport at
a given rate.

¢. The relationship of contract truckers to air
carriers is influenced by the type of air carrier op-
eration. Normally, air carriers providing door-to-
door service have established sufficient sales volume
of air freight to have warranted eargo facilities.
The type of operations conducted by the trucker
is influenced by the number of air carrier cargo
facilities. The requirements of the truckers for
the shipment-sorting operation to the airlines and
for delivery to local customers may be quite closely
nssociated with the operations within the air
carrier cargo facilities. However, where there are
a number of separate air carrier cargo facilities,
8 separate air cargo trucking facility should be
investigated.

Chap. 1
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CHAPTER 2. AIR CARGO HANDLING
SECTION 1. CARGO FLOW

* 12. IMPORTANCE OF TIME

8. An aircraft not flying is not using its enrning
eapacity. Present jet-cargo aircraft have a gross
earning potentinl of over $4,000 per hour. There-
fore, groundtime (the time required to unload,
load, and service) is » critieal factor in air cargo
operations. Systems in use in the past for loading
and unloading aircraft generally required much
manual! handling of freight. New and more effi-
cient loading systems and equipment are being
provided by the industry to reduce groundtime to
a minimum and to reduce the time and cost of

loading, unloading, and processing of shipments.

b. Background information on materials flow
and materials handling eguipment and systems is
presented in the poges that follow. It is most im-
portant that the architect, the engineer, and others
responsible for the planning and design of airport.
cargo facilities consult with the air carriers in-
volved from the inception of the pregram and
throughout its development to determine specific
requirements of individual materials handling

Chop. 2

systems. Knowledge of the technique of packag-
ing and materials handling is essential in designing
functionnlly eflicient air enrgo facilities.

13. ENPLANING AND DEPLANING CARGO

n. In the sequence of operations, the first step is
to unlond the air cargo from trucks as depicted
in figure 5. The shipment is accepted and
weighed, and necessary data recorded. Informa-
tion about weight and destination of the shipment
permits scheduling for flight and lond placement.
Marked packeges are moved to a staging area to
be processed for londing on the aireraft.

b. The removsal of cargo from the nireraft initi-
ates s process which is the reverse of enplaning
with disposition of the shipment dependent upon
final destination. If the airport is the final des-
tination of the shipment, it is moved to an area
where it awaits pickup. If the airport is an inter-
mediate stop and packages are to be transferred to
another aireraft, the shipment is again moved into
the lond-staging area.

Par. 12



Page 10 AC 150/5360-2
April 6, 1964

|

TRUCK LOAD
BUILD-UP

RECEIVE

DISPATCH

CUSTOMER INFLIGHT
PICKUP TRANSFER

BACKLOG

RECEIVE

LOAD

WEIGH BUILD-UP

SORT

|
ENPLANED [0

DEPLANED

FIGURE 5. MATERIALS FLOW.



AC 150753602
April 6, 1964

Page 11

SECTION 2. CARGO HANDLING EQUIPMENT

14. BASIC CONSIDERATIONS. Techniques used in
moving shipments from one area to another with-
in the facilities and for load build-up vary consid-
erably depending on the nature of the commodities
and the total quantity of air cargo being shipped
from a community. Shipments may vary from
small fragile packages to buliky and heavy items.
Equipment of various types is used to handle
freight.

15. WEIGHING EQUIPMENT. Scales for weighing
shipments may be portable or built into the
materinls handling sysiem. Sinece most packages
moving through air cargo facilities weigh less than
300 pounds per unit, this capacity scale would
normally be adequate. A larger auxiliary scale
may be required depending upon the nature of
air freight handled.

16. UNITIZING EQUIPMENT. Many small packages
can be more efficiently handled if unitized, that is,
consolidated into a single urit or gronp of units.
Unitizing may be nccomplished in the cargo
processing facility or may be done by the cus-
tomer, and the packed unit brought to the facility
ready for londing on the aircraft.

a. Pallets are portable platforms on which ship-
ments are stacked. They are generally constructed
so they can be moved by a forklift truck or other
device. Warchouse pallets presently in use are
nbout 30 inches by 40 inches, but these are gen-
erally being replaced. ILarger pallets, 80 inches
by 108 inches and 88 inches by 125 inches, have
been adopted for the air cargo industry. A flexible
pallet, used in conjunction with a pailet support,
also has been designed. This pallet may be used as
an integral part of the aireraft load. Dollies are
pallets or pallet supports on wheels. They may be
moved manually or by a mechanical system. Fig-
ure 6 shows n nuniber of types of pallets and a
dolly.

b. Containers most commonly in use today are of
two general types. Omne type is designed to he
stowed in the belly compartment, or underside,
of large jet aireraft. These are normally made
of alwuninum and shaped to fit the lower portion
of the aircraft fuselnge. The other type of con-
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tainer is n modifieation of the pallet, having sides
hinged to the pallet or in separate sections that fit
together. Various types of containers are illus-
trated in figure 7 on page 13.

17. PIT ELEVATORS. Hydraulic lifts equipped to
support. pallets or containers are being used to
assist in unit build-up. By use of the lift, it is
possible to keep the top of the load of the stack
at a satisfactory working level by lowering the
stack below the floor. After the cargo stack is
complete, it is returned to the floor level.

18. MATERIALS MOVING EQUIPMENT. Many
types of equipment are used to handle cargo.
Handling techniques employ not only mobile
equipment such as handtrucks and forklift trucks
but also conveyors and other devices which may be
installed as part of an integrated freight handling
system.

a. Handtrucks are generally employed in the
storage area to move relatively small loads. The
operation that processes only nominal amounts of
air freight per day would have little need for any-
thing more than this basic type of handling equip-
ment. Both two-wheel trucks and four-wheel
trucks are in genernl use. Two-wheel trucks nor-
mally are limited in capacity to less than 2,000
pounds. Four-wheel trucks are designed for ca-
pacities up to 5,000 pounds. Several may be
hooked together in train fashion and moved by a
motorized tug.

b. Forklift trucks vary in size with capacities from
1,500 pounds to 20,000 pounds. The forklift of-
fers more flexibility for the movement of cargo
than the handtruck because of its eapability for
moving loads vertically. It is an effective device
for moving loaded pallets from the processing fu-
cilities to the floor level of the aireraft. However,
it is limited in the size of pallets it can cavyy.

c. Scissors lifts may be utilized in transporting
freight from the cargo building to the aireraft or
as a lifting device in the loading operation. This
equipment ean transport mueh larger loads than
the forklift truck. Its use is expected to increase
in freight handling.

Par. 14
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d. Overhead hoists have been used to provide
efficient movement of very heavy shipments.
Complete coverage can be attained by means of
track-mounted traveling girders spanning the en-
tire width of the processing area. With this ar-
rangement, movement of the hoisting equipment is
possible in any direction; and there is complete
control of the item being handled. The installa-
tion of such equipment, however, is costly.

o. Conveyors may be used effectively in mate-
rials handling. They may consist of a series of
rollers, endless belts, or a continuous chain as illus-
trated in figure 8.

(1) Roller conveyors may be gravity activated
or motor driven, They mey be portable or fixed
The portable roller conveyor is most often used in
loading or unloading at the truck dock. It may
also be used within the aireraft or the processing
facility. Unit conveyors, each 10 feet in length,
can be joined together when the distance requires
a longer run. Gravity type roller conveyors are
most ideally suited for unloading or loading of
objects which must be moved to a lower level.
Motor driven roller conveyors, generally known as
live conveyors, are advantageously used when ob-
jects must be moved a distance greater than 25
feet and the path of travel is not to a lower level.

(2) Belt conveyors transport items on a con-
tinuous motor driven belt. They may be used ad-

vantageously for moving objects from a lower to

a higher level. They may be employed as a port-
able unit or incorporated into a conveyor gystem
acting in concert with other types of conveyors.
Portable units are often mounted on vehicles and
used to load or unload freight from an aircraft,
(3) Dragline conveyors or tow-type conveyors
are continuously moving chains te which carts or
trucks are secured. The chain may be placed in a
track recessed into the floor or it may be moved
on an overhead beam. The floor recessed chain,
though more costly to install, eliminates the need
for overhead suspended moving parts with the
nttendant safety hazard.
19. CONVEYOR SYSTEMS. These systems, used for
the handling of materials, are arrangements of
various types of conveyor components and are
considered ns a key item in an integrated materials
handling system. A system may be an “open sys-
tem” or a “closed system.” Open systems consist
of continuous conveyor lines on which it is possible
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to place or remove an article at any point. If the
article is not removed, it will continue around and
may be removed at any time without affecting other
items in the line. The towveyor, by the nature
of its operation, can only be considered an open
system, Closed systems contain branchoffs and
one or more dead ends.

20. INTEGRATED SYSTEMS. Materials handling
equipment may be integrated in such a way as to
incorporate a combination of the closed and open
systems and a number of diverse types of equip-
ment. Figure on page 16 illustrates various types
of conveyor-equipment systems. A system may in-
clude a towveyor, or roller or belt conveyor equip-
ment in an integrated arrangement for handling
of freight. Large-volume freight operations can
be handled most efficiently by integrating both the
truck and the aircraft into the materials handling
system of the freight facilities.

21. PILOT SYSTEM

a. A system has been developed for the U.S.
Military Air Transport Service (MATS) bases
using conveyor lines in the building and con-
veyorized floors, rollers installed as an integral
part of the floor, in both surface and air transport
units. Where hundreds of tons of freight are
moved daily, it can be processed in minutes instead
of the hours required for a nonintegrated system,

b. When a truck pulls up to the dock, a con-
veyorized arm or telescoped roller conveyor is used
to reach the floor of the truck. A push bar on the
truck is activated by a winch within the truck
which moves the entire contents from the con-
veyorized floor of the van onto the conveyorized
arm. The freight is then moved on to the conveyor
system where it is to be processed to an assigned
aircraft flight and section. Freight is stored on
branch conveyors until it is time for load build-up
or to palletize freight. All freight is unitized on
special pallets and is moved on to the conveyor
lines designated by destination and section number.
In this way, loads for each flight can be set up in
sequence automatically.

¢. Pallets are guided throughout their travel by
tracks and slide on roller conveyors to a final posi-
tion on the floor of the aircraft. All conveyors
are designed into a common system so that it is
possible to unload an aircraft while freight to be
enplaned is prepared for shipment. Pallets con-

Chap. 2
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taining loads up to 10,000 pounds are moved by
mobile loading equipment having a roller-con-
veyor-type floor. These londers are designed to
move one or more pallets depending upon the re-

SYSTEM INTEGRATED
AIRCRAFT LOADING
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quirements of the system complex. Unitized
freight can be loaded on the aircraft in a time
approaching that required for refueling and serv-
icing of the aircraft.
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LOAD BUILD-UP

CLOSED SYSTEM

OPEN SYSTEM

SCALE

e El___i: .

TRUCK DOCKS

FIGURE 9. CONVEYOR SYSTEMS.
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SECTION 3. AIRCRAFT LOADING

22. MAJOR FACTORS. Those factors nssociated
with aireraft loading also influence the planning
of operations in air enrrier cargo facilities. Four
major points to consider in analysis of materials
handling systems and building-space requirements
are payload factors at takeoff, aircraft center of
gravity or weights and balances, destination and
routing, and aircraft loading characteristics.

23. PAYLOAD. The payload factor is the ratio
between tons of freight actually loaded and the
tons of freight permitted to be loaded on the air-
craft. An aircraft capable of a takeoff payload
of 30,000 pounds but carrying only 18,000 pounds
is operating with a paylond factor of 60 percent.
In such n case, the aircraft is not earning its full
potential. It is important that loading permit as
high a payload factor as practicable.

24. AIRCRAFT CENTER OF GRAVHY. Federal
Aviation Regulations establish performaunce re-
quirements for aireraft. Control of weights and
balances, thus the nircraft center of gravity, is
essentinl to the proper performance of the air-
cernft. In all-eargo aircraft, the interior of the
fuselage is divided into sections. The manufac-
turer designates the maximum allowable weight
which may be stowed in ench section considering
floor loading limits and proper securing of freight
for snfe performance of the aircraft. An example
of o longitudinal cross section of an aircraft fuse-
lIage indicating station divisions and the maximum
nllowable load for each station is illustrated in
figure 10, This type of chart is used in estab-
lishing aireraft loading.

25. DESTINATION AND ROUTING

a, For an nireraft scheduled to fly from one
terminus to unother, leading is quite different from
that for a flight with intermediate stops. In the
former case, only weights and balances must be
considered; but in the latter, it is necessary to
consider also the sequence londing. When freight
must be removed at intermediate stops, loads must
be arranged so that the deplaning freight can be
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removed easily without disturbing freight desig-
nated for other points. Freight also may be taken
on at these,intermediate locations to replace that
which was removed. When replacement loads are
not provided, the freight retained on the aircraft
may have to be rearranged to nssure proper dis-
tribution of loads.

b. The destination of the nircraft is a deter-
minant in the amount of fuel that is carried. Gen-
erally, an nircraft scheduled to fly a short distance
may be capable of carrying a greater amount of
freight than if it were to fly a long, nonstop route.
However, the rRmount of payload that can be sub-
stituted for fuel is limited by the structural char-
acteristics of the aircraft. This is an important
congideration that influences the preparation of
aireraft loads.

26, AIRCRAFT CHARACTERISTICS

. The location of the aivernft londing entrances
is a considerntion in determining the preparation
of materials handling. All-cargo aircraft may be
londed from the side, at either end, or both ends.
On aireraft that are side londed, the large freight
doors are usually on the left side of the fuselage.
The swing-tail all-cargo aircraft is an innovation
in design now used.

b. The floor height of the aircraft varies from
44 inches, which is n “truck bed"” floor height, up
to 12 feet in which case the aircraft is known as
“high floor™ aireraft. It is possible to load or un-
load a “truck bed™ floor height airernft directly
from the freight truck and to design the entire sys-
tem for this common height. Some means of lift-
ing the freight to the floor level of a “high floor™
aircraft nre needed.

¢. Controlling the proper lead distribution in
combination aircraft is not as simple as in the all-
cargo configuration. (Generally, cargo is placed in
baggage compartments in the underside of the pas-
senger aircraft as “topoff” load. The number of
passengers and their baggage will vary consider-
ably and controls the amount of cargo that may he

Par. 22
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stowed in the baggage compartment. This vari-
ance also makes the maintenance of proper load
distribution more complex.

d. For piston-type combination sircraft, the
space designed for cargo and baggnge has not
allowed for an efficient mechanized system of con-
tainerized loading. Consequently, it is necessary
to load freight and baggage manually. However,
the amount of space available for baggage in such
an aircraft is relatively small and the time required
to place a load on the aircraft is not critical.

e. On some large jet combination aireraft, bag-
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gnge and cargo londed in the underside of the plane
are carried in special containers. These contain-
ers, shaped to fit the aircraft fuselage, slide into
the lower compartment of the airplane and have a
capacity of approximately 1,500 pounds. They
are preloaded in the air cargo facility, delivered to
the aireraft on the loading apron, placed aboard
the aircraft by means of & special hoist, and in-
stalled in the baggage compartment. With sucha
system, the freight is offlonded and onloaded
within the time it takes to deplane and enplane
passengers and to refuel the nircraft.
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CHAPTER 3. AIRPORT CARGO CENTER AND ITS BUILDINGS
SECTION 1. AIRPORT CARGO FACILITIES

27. INTERRELATIONSHIPS OF FACILITIES. As the
air cargo industry grows, the complex on the air-
port designed to handle air cargo becomes a signifi-
cant element in airport planning and design. The
discussion of the various components of air cargo
industry in chapter 1 explained in part the essen-
tinl interrelationships of the facilities that may be
necessary at an airport cargo complex. These
facilitios must provide for the efficient transfer of
air eargo between surface transportation and air-
craft. For larger airports, the complex may in-
clude a number of air carrier cargo facilities or
multiple-occupancy buildings.

28, DESIGN CONSIDERATIONS

n. The elements that compose the airport cargo
center facilities and establish their character, size,
and configuration will depend on the level of
activity of the air cargo industry in the community
gerved. The architect-engineer should work
closely with the air carriers, air freight forwarders,
truckers, and airport management to determine
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what is needed including any special requirements
peculiar to these facilities. The resulting design
must satisfy present requirements and provide the
flexibility necessary for future expansion. Build-
ings should be oriented, and land should be avail-
able to enable a logical expansion plan. This is
discussed in section 3 of this chapter.

b. The nir carrier cargo facility is the core of
the cargo center, and the emplasis in this chapter
is on that facility. It may be treated as a single
building or combination of elements under one
roof sufficiently integrated to permit operation as
a single entity.

c. The design program, in the architect’s vocab-
ulary, denotes the building users space require-
ments. It is one of the basic essentials for a suc-
cessful solution to the design of any building.
Fundamental considerations in developing a pro-
gram are the elements of the building, the amount
of space needed by each element, and the relation-
ships between the spaces.

Chap. 3
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SECTION 2. AIR CARRIER CARGO BUILDINGS

29, ELEMENTS OF THE BUILDING

a. Anair carrier cargo building may be planned
for single or multiple occupancy. The type of oc-
cupancy normally will depend on the potential for
air cargo industry growth in the community being
served and the volume of business generated by
each of the airlines. At airports where there are
# number of carriers, ench generating only nominal
amounts of freight daily, a multiple-occupaney
building can provide adequate space to satisfy the
needs of nll. Single- or double-occupancy build-
ings with adequate aircraft apron space should be
considered for those air carriers that operate all-

% PROCESSING AREA s

FIGURE 11.
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PERSONMEL AND
CUSTOMER
ACCOMMODATIONS

cargo schedules and handle larger amounts of air
freight.

b. There are four major functional elements to
consider in the design of the air carrier cargo
building. These are the freight-handling areas,
administration ares, personnel and customer ac-
commodations, and service facilities. Figure 11
indieates diagrammatically the space relationships
for functions within the air carrier cargo faeili-
ties. Airport cargo buildings should be designed
for planned expansion in both length and depth,
where economically fensible, and fixed support
facilities so located to avoid interference with such
expansion.

" ADMINISTRATION

SPACE RELATIONSHIPS WITHIN BUILDINGS.
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30. TRUCK DOCK FACILITIES

8. There must be a sufficient number of truck
stations to serve truckers, nir freight forwarders,
and others for botl incoming and outgoing ship-
ments. In addition to truck dock positions, con-
sideration should be given to providing facilities
for the airport-to-airport customers who use other
than trucks to deliver or pickup small shipments,

b. The number of truck dock spaces will vary
with the airline operation and the community., To
determine the optimum number requires detailed
analysis of truck arrival in a peak hour, the service
time at the dock, and the acceptable waiting time
for those experiencing delays.

¢. The minimum number of dock spaces required
for incoming trucks can readily be determined.
Assume for example o normal “stripping” or un-
loading rate at each dock space of approximately
5,000 pounds per hour. This rate includes time
allowed for delnys and spotting of vehicles. For
an inbound volume from trucks of 90,000 pounds
of freight and a time allowed for “stripping” ve-
hicles of 3 hours, the unloading would have to be
accomplished at the rate of 30,000 pounds per
hour, Thus, there would be n requirement for 6
truck spaces at the dock for this operation.

d. The width of each truck station should be a
minimum of 12 feet to allow for parking of large
vehicles. Building door openings at each station
should be a minimum of 10 feet wide by 10 feet
high. Extensive open platforms are not recom-
mended because fnéight- left. in the open is subject.
to pilfernge and damage from inclement weather.
Protection from the weather for freight and per-
sonnel during stripping or loading operations
should be provided by an overhang canopy of at
least 5 feet. (learance above the top of the parked
freight van should be approximately 18 inches.

e. Building floor heights may vary from 44 to
47 inches above grade. There are a number of
leveling devices for accommodating truck bed
heights ranging from 30 inches for a pickup truck
to 50 inches for a large tractor-trailer,

31. PROCESSING AREA

a. Receiving, sox"ting, weighing, Iabeling, nand
building up of loads for shipment are the major
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activities in the processing of freight from the
truck to the airernfi.  Thero are u number of fac-
tors which have » profound effect on total space
requirements.

(1) Carge turnover is nffected by such vari-
ables as types of aircraft, frequency of service,
time of day of arrivals and departures inbound,
outbound, and directional preponderance of cargo.

(2) Density of curgo accounts for consider-
able dimensional disparity. A ton of cut flowers
occupies many times more space than a ton of ma-
chine parts.

(3) Character of cargo creates a need for
specific space allocation. Refrigernted storage is
required for perishable cargo, and other tempern-
ture controlled areas are needed for live cargo.
Bonded storage is needed for customs, import /ex-
port control, as well as security accommodations
for valuable cargo.

(4) Methods of handling and storing cnuse
variations in space requirements. Operations uti-
lizing forklifts and pallets require niore square
footage for circulation and manenvering.

b. The arrangement of space in the load build-up
areas is also influenced by aircraft loading charae-
teristics, Space should be planned for sequence
loading to provide for distribution of weight i
the aireraft and for easy removal of loads at de-
tinations. Freight to be loaded on combination
aircraft should be kept separate from freight to he
loaded on all-cargo airernft. T.oadsto be unitized
on pallets, loads to be unitized in containers, anil
thoss to be londed on aircraft manually should be
controlled by providing separate but adeqnate
space for each. The types of aircraft and the
numbers of each type being served by the facility
should be given careful study.

c. Consultation with the users as to the type of
materials handling systems to be employed is es-
sentinl and will be most helpful in this area of
design. s materinls handling systems for the
air enrgo industry are developed and improved,
space requirements for the load build-up area and
other operations may be reduced substantially.
Figure 12 indicates dingrammatically suggested
space requirenments for receiving and processing
arens.
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32. ADMINISTRATIVE AREA, AND CUSTOMER AND
PERSONNEL ACCOMMODATIONS

a. Adequate administrative space is necessary
for efficient management of cargo operations. The
control of all activity is dependent upon decision-
making personnel who must have adequate office
accommodations. A thorough analysis of the
duties and responsibilities of the administrative
personnel should be made prior to preparing the
design program of the building. The number of
employees that may ultimately be employed in the
management of operations should be studied.

b. Reception areas should be provided to handle
customers. In addition to serving as a receiving
point for visitors, small packages may be claimed
or bills may be prid here. There should be suffi-
cient space for a counter, accommodations for cus-
tomers, and cases for display of brochures and
other sales material,

¢. Sales offices may be required by some airlines.
Space in the sales office should provide for desks,
files, and facilities for telecommunications. Files
should be readily accessible to all the salesmen.
The sales office may serve also as a customer serv-
ice center or clearinghouse for telephone inquiries.
Close communication must be maintained between
this office, receiving, aircraft space control, and
accounting.

d. Management and general office space require-
ments are dependent upon variables such as the
type of operation, the amount and type of freight
processed, and the community being served. Ac-
counting and records offices may be necessary
facilities for operations of any sizable magnitude.
The space required varies with the type of record-
keeping and accounting equipment that may be
used such as automnatic filing systems and date-
processing equipment.

e. Communications centers assist management
in the efficient movement of freight. Each facility
component must be kept informed of changes in
schedule, cargo space available, and of special
shipments requiring unususl attention. The com-
munications center can serve as the central nerve
system. It can provide the link between adminis-
tration and operations. Space may be required
for teletype machines and closed-cireuit television
facilities in addition to sufficient desk space for
communications personnel,
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f. Airernft space control office reqnirements are
dependent upon the amount of freight handling
activity. This office may be placed in the receiv-
ing area or in the administration offices, Space
must be provided for computing and communica-
tions equipment and for aircraft charts indicating
cargo space available on the nireraft. These func-
tions are closely related to those of receiving and
processing and to those of the communications
center. Provisions should be made to facilitate
close liaison with these interrelated functions.

g. The number of personnel employed in cargo
operations will vary not only with the type and
volume of freight handled but also with the
materials handling system used and the scheduling
of aircraft loading operations. A careful study
should be made of all factors including local codes
and state labor laws to assure ndequate provision
for employee needs. Figure 12 indicates suggested
space requirements. This overall area may be
allocated to administration, customer accommoda-
tions, and personnel accommodations such as rest
rooms, locker rooms, and lunchrooms. A first aid
room, pilot-ready room, or other specialized area
may be included dependent on circumstances
peculiar to proposed facilities.

33. MAINTENANCE, SERVICES, AND STORAGE

a. In order to provide for an efficient operation,
equipment must be kept in good working order
at all times, Mnintenance and storage of
materials handling equipment, such ns containers,
should not be overlooked. The functions of
maintenance and storage may be joined, or they
may be completely separated. The manner in
which these functions are handled depends largely
on the type and amount. of equipment used. ‘

b. For large operations, maintenance and servie-
ing shops may be necessary to provide repairs for
such items as pallets and containers, forklift
trucks, conveyors, and other materials handling
equipment. Webbing used to secure freight
against dislodgment in aircraft requires periodic
repair. The maintenance and the servicing shops
may be centrally located in the eargo complex, or
they may be constructed as a part of the air
carrier’s individual freight handling facilities.

c. Garage or hangar space may be required for
larger pieces of equipment, such as scissors lifts,
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mobile freight loaders, or other vehicles used in
the freight loading operations. In some cases, it
may be economically more practical for the adir
carriers if this space and this type of equipment
are furnished by the airport management on &
rental basis.

d. Space required for building utilities, such as
plumbing, heating, ventilating, air conditioning,
electricity, and gas depends primarily on the geo-
graphical location of the airport., Other factors,
such as requirements of servicing equipment, type
of fuel available in the area, and accessibility of
public utilities to the sirport cargo center, also
must be congidered. All utilities may be centrally
located on the airport and furnished to users by
airport management. Each building may house
its own space for the provision of thess utilities.
Careful consideration must be given by the
architect-engineer to this aspect of the building
design in order to make sufficient provision for all
necessary building areas,

34, SPECIAL HANDLING

a. Some types of freight require special han-
dling, that is, facilities and techniques not ordi-
narily used for normal items. Requirements
depend on the policy of the air carrier in accepting
shipments that require special techniques, Basi-
cally, four types of shipments which fall into the
special handling category are live animals, perish-
abtes (pharmaceuticals, meats, produce, and
flowers), and bonded and valuable shipments.

b. If the volume of live animal shipments is ex-
pected to be large, special provisions for them
should be given consideration. Heating, ventila-
tion, cleaning facilities, fresh water supply, cages
and stables, and storage facilities for handling,
cleaning, and feeding equipment will require
study. Consultation with the local chapter of the
Society for Prevention of Cruelty to Animals
(SPCA) is suggested.

¢. Perishables are being shipped in increasing
quantities, Bonded and other valuable freight
processed varies not only with the economic char-
acter of the community but also with the seasons.
35. FACILITIES AT INTERNATIONAL AIRPORTS. Air
carriers providing service for overseas shipments
at international airports will require space for
inspection of deplaned freight. Consultation with
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Bureaun of Customs, Agricultural Research Serv-
ice, and Public Health Service officials in addition
to the airlines is essential in developing a proper
design program for this area.

36. BULDING CONSTRUCTION

a. Building design consistent with functional
requirements and the need for economical construe-
tion and maintenance cannot be overemphasized.
Airport buildings are often constructed in arees
beyond the jurisdiction of a city building code.
Materials and methods of construetion and design
of an airport cargo building may or may not be
governad by a building code of the local commu-
nity or regulations established in state labor laws.
When local codes are applicable, particularly in
smell communities, the standards designated in
such codes are sometimes below those acceptable
as good architectural or engineering practice for
buildings on airports. ‘

b. Itissuggested that airport owners voluntarily
adopt standards from one of several recognized
sources. Standards representing good practice
can be found in the *“Recommended Building
Code” of the National Board of Fire Underwriters
(NBFU). “The Uniform Building Code”
adopted by the Pacific Coast Building Officials
Conference and the “Southern Standard Building
Code” prepared by the Southern Building Code
Congress are also excellent guides.

c. Selection of the structural system to be used
for the building should be based on careful con-
sideration of the insurance rates for various classes
of building construction and occupancy. The ini-
tial cost of fire-resistant construction may be higher
than other types of construction, but a lower insur-
ance rate will often offset this higher initial cost.
Fire is not the only hazard about which the de-
signer must concern himself. Protection against
pilferage, vandalism, or possible sabotage in time
of emergency should be considered in choosing ma-
terials of construction. The location of the build-
ing and the types of commodities moved through
the facility will also influence the type of con-
struction.

d. Structural systems having the capability of
economically spanning as much as 100 feet provide
greater flexibility in building design and space ar-
rangement. Clear-span structures are desirable
because they allow for greater maneuverability of

Chap. 3



AC 150/5380=2
Aprll 6, 1954

forklift trucks and other freight handling equip-
ment. Large-space areas, free of columns and
bearing walls, can be divided and adapted to sat-
isfy the changing demands of functional opern-
tions. Roof construction and roof design loads
vary with the aren of the country. The recom-
mended code of the NBFU suggests that ordinary
roofs, either flat, pitched, or curved, be designed
for not less than 20 pounds per square foot of
horizontal projection in addition to the dead load
and wind or other loads.

e. Floor construction, according to the NBFU-
recommended National Building Code, should be
designed and constructed for the greatest loads that
are nnticipated by the user. Provision should be
made for such items as floor scales, pit elevators,
and recessed tracks for towveyor systems. Floors
in the office areas, where extensive filing systems
are maintained, should be designed to carry a mini-
mum uniformly distributed load of 125 pounds
per square foot.

f. Selection of doors must be given careful con-
sideration. Overhead and roll-up doors are sug-
gested in areas where there is movement of freight.
The tracks of the overhead-type door should be
installed to provide as much hendroom as poqsnbla
within the building.

2. Bumpers and guards for protecting truck-
dock edges are available in many designs. The
nature of activity, the devices used for loading op-
erations, and the amount of traffic are the deter-
minants in making a selection. The use of
bumpers and guards will help keep maintenance
of dock areas to n minimum.

h. Interior finishes depend upon loenl factors,
but they should be selected from the standpoint
of minimnm maintenance. The functional use of
the area should be the determining factor in the
selection of the fAnishes. In the processing and
stornge arcas of the building, a smooth concrete
finish for the floor should be adequate. A harden-
ing additive may be used in the concrete to mnke
n durable surface.
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1. The toilet. rooms shonld have floors and walls
finished with & hard impervious material for euse
of cleaning and maintenance. ‘The wall finishes
may be an integral part of the wall construction,
such as glazed partition Dlock or glazed brick
where budgets permit. The locker room floor
should have a painted, smooth finished concrete
floor if costs must be kept at o minimum. Walls
may be painted masonry units or plaster. Since
locker rooms are generally noisy places, an acoustie
ceiling should be considered for this area.

j. There is a wide selection of finishes availnble
for administrative arens. For the floors, rubber
and vinyl tile finishes generally provide a durable
floor but may be diffienlt to maintain in areas adjn-
cent to the processing areas. Whalls may be
pninted plaster, wood veneer, or plastic. Pre-
finished or plastic-coated wood veneers are avail-
able that can be economically installed and provide
a durable surface requiring little maintenance.
Acoustje ceilings are recommended for these areas.
“Airport Terminal Buildings™ contains informa-
tion on noise control which may be helpful to the
designer.

37. UTILITIES

a. Heating and ventilnting requirements vary
with the climate and the requirements of the user.
It may be possible to integrate systems with the
humidity and tempernture control required for
handling special commodities. A system which
will provide proper year-round conditioning of air
particularly in administrative aveas is important.

b, Eleetrieal and lighting systems should be ade-
quate for the designed functions. The require-
ments of the electrical service vary with the size
and charncter of the facility, Much will depend
upon the nature of the materials handling system
used.  Minimum required lighting levels may he
governed by local codes or state labor laws; how-
aver, these may sometimes be below those ac-
ceptable as good architectural or engineering
practice for buildings on nirports. It is recom-
mended that airport ewners voluntarily adopt the
standnrds from one of several recognized sources.
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SECTION 3. AIRPORT CARGO CENTER LOCATION

38. IMPORTANCE OF SITE PLANNING. The com-
plex on the airport specifically designed for the
handling of air cargo is one of the major elements
on the airport. The airport cargo center must be
sited in a location that will contribute to the effi-
cient transfer of cargo between surface and air
transport. The selection of an appropriate site
is the decision which determines to a large extent
the effectiveness of the air cargo operation. The
location of the elements of the complex in proper
relationship to each other is of equal importance.

39. LOCATION ON THE AIRPORT

a. Four primary considerations dictate the selec-
tion of the site on an airport for the cargo com-
plex.

(1) Taxi distance from the most used run-
ways should be as short as possible, and yet there
should not be interference with passenger opera-
tions,

{2) The site should be readily accessible by
surface vehicles from the passenger aircraft load-
ing positions for efficient servicing of aircraft
carrying both passengers and cargo.

(3} The complex should be readily reached
from all access roads to the airport to assure non-
intereference of vehicular trafic with aircraft
movement areas.

(4) Adequate space ehould be allowed for ex-
pansion of atr cargo operations without encroach-
ing on other airport functions particularly
without interfering with the expansion of the
passenger terminal.

b. These four primary considerations indicate
the general relationships with other functions and
activities, They require extensive study to deter-
mine the degree to which they can be met on any
individual airport. ‘This study can best be made
through the medium of an airport layout plan in
which the advantages of possible locations and
their effect on other airport facilities and opera-
tional activities can be objectively weighed. The
importance of making provision for airport cargo
center facilities in the airport layout plan cannot
be overemphasized, ‘
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40. PLANNING CONSIDERATIONS. The general
location of the cargo complex having been estab-
lished and the preliminary design concept of the
building groups selected, & number of other fac-
tors should also be studied prior to adoption of a
giting plan.

a. The arrangement of buildings and associated
support facilities is important to satisfactory and
efficient use, and it also affects future expansion of
individual buildings. Important in this regard is
consideration of spacing of buildings for access,
vehicular circulation, and fire and safety clear-
ances. Vehicular access and roadways, and park-
ing areas are discussed in detail in the paragraphs
that follow. Proper orientation of buildings, with
respect to these factors and the prevailing winds,
is essential to the functional operation of the build-
ings. Economical design dictates the need for
balance of requirements for paved areas with other
considerations discussed heretofore. Good drain-
age, consistent with driveway, parking, and pedes-
trian access requirements, is a necessary design
consideration.

b. Noise is a consideration which must not be
overlooked. Acoustical treatment has been men-
tioned in paragraph 36 on page 25, but there are
additional efforts which can be made through
proper landscape planting for sound absorption.

41. CARGO CENTER SITE PLAN

a. To illustrate the application of functional
relationships discussed in this chapter and in
chapter 1, & diagrammatic site plan has been de-
veloped. Figure 13 indicates the relationships of
facilities for a number of air carrier cargo opera-
tors, truckers, air freight forwarders, air express
(REA), and airport mail facility (AMFY).

b. The site plan orientation on the airport estab-
lishes optimum relationships of aircraft parking
apron, and access and service roads discussed in
the following paragraphs. Guidance material on
the total concept of the airport layout plan may
be found in “Airport Design,”
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42. AIRCRAFT PARKING APRONS. Paved apron
requirements for aircraft parking and loading
positions adjoining air carrier cargo facilities are
dependent upon the type and size of aireraft nsed,
airline schedules, and the type of materials han-
dling system used. The discussion in chapter 1 in-
troduced the relationships of facilities to aircraft
parking aprons. This discussion clearly indicates
the importance of direct access from certain facili-
ties to the passenger loading apron, of access to
both combination and all-cargo aircraft aprons
for others, and for completely integrated building-
apron relationships for certain material handling
systems. Information on space requirements for
aireraft apron parking positions can be found in
“Airport Design.”

43. ACCESS, CIRCULATION, AND PARKING. Dis-
cussion of ground vehicle movement considerations
is presented in general terms. Detailed guidance
material for the planning and design of traffic
and parking facilities can be found in “Airport
Terminal Buildings.”

a. Roads. Access to and egress from the airport
cargo complex and circulatory roads within it
should be direct and unimpeded. There should
be as little interference as possible with airport
passenger vehicular traflic. In those cases, where
the number and types of trucks using the nccess
roads will cause frequent passenger traffic conges-
tion, separate roads should be designed specifically
for truck traffic leading directiy to the cargo cen-
ter. Visitors, passengers, and customers should
be provided convenient access from the passenger
terminal area.

b. Truck Parking

(1) Parking areas required include those de-
signed to serve the trucker, the customer and visi-
tor, and the employee. Planning of truck park-
ing spaces and maneuvering areas will probably
present a difficult problem because of the many
variables. Maximum truck sizes vary from state
to state as shown in figure 14. Trucks bringing
freight to the cargo center will be of many types
and sizes. Parking areas and truck-dock facili-
ties with adequate maneuvering space must be
provided for movement of vehicles without cre-
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ating Dbottlenecks during peak londing uand
unloading hours.

{2) Generally, the recommended distance for
maneuvering from the loading platform to the
nearest obstruction is twice the length of the larg-
est road vehicle expected to use the facility. The
Air Transport Association suggests a minimum
overall depth of 100 feet for the terminal-truck
apron which will allow 75 feet for maneuvering
of trucks plus a 25-foot-wide access roadway.
Minimum interference distances may in effect be
less when tractors with smaller turning radit are
used, when the spacing between trailers is in-
creagsed, or when a saw-toothed loading platform
design is used. Other problems, such as com-
bination vehicle maneuvering distances, determin-
ing width of an entrance gate, or space required for
saw-toothed dock designs, require detailed anal-
ysis.

c. Customer and Visitor Parking., Those seeking
service should have the most direct access possible
to the reception areas of individual air carriers,
freight forwarders, and other service facilities.
These parking spaces may be adjacent to the build-
ing in conjunction with the truck parking area.
Permanent parking areas should not be located
where expansion of buildings is being contem-
plated.

d. Employee Parking. Sufficient parking should
be provided for employees’ cars which are gener-
ally parked for a period equal to the length of the
working day. Since the employes does not
usually require ready access to his car during this
period, it is not necessary to locate the employee
parking area directly adjacent to the freight han-
dling facilities. Where the airport is relatively
small, an employee parking area common to all
operational functions on the airport may be ade-
quate for parking needs. For the larger airport,
strategically located parking spaces which may
be used by all employees of the airport cargo com-
plex should be considered. There may be just one
of these areas planned near the center of activity,
or there may be several dependent upon the size
and spread of the airport cargo complex. Admin-
istrative personnel usually require parking spaces
ddjacent to the office area because they may have
to use their cars frequently during the working
day.
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