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PRETACE

The progress of a natiorn and its transporta-
tion fac?litiea hava elways advanced hand in hand,

Just as it has always been the Civil
Engineer's problem to devélop facilities for other
means of transportation, such as roads, herdbors, and
rallrcad terminels, sc is 1t hlig problem today to
build &irporte,

In presenting the problems sncountered in the
development of an airpert, the writer has considered the
airport's place in city and regionsal planning, as well
as the part it plays in air transportation,

An expression of thanks is given to MNr. W@..

S» La Londe, Jr;, profesgor in Civil Engineering at

the Newark College of Engineering who has assisted

greatly by reading the thesis, and giving valuable
suggestions, Acknowledgment is a2lsoc made to the fol-
lowingt Armco Manufacturers Association; Mr. Harry

H, Blee, (hief, Division of Alrporits, Department of
Commerce: Messrs, Henry V. Hubbérd,~Miller MeClintock

and Frank B. Williems, co-authors of Harvard City Planning

gtudies - Alirport.

A, H. Armstrong.
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The degree to which the municipality is
responsible for the establishment and maintenance of
airports has been the subdbject of discussion pro and
con ever since the beginning of the phenomenal expan-—
gion in a2ll phases of aviation not s¢ many years ago.
The increase in extent of air transport lines, number
of passengers carried, quantity of mail and express
shipments, and the consequent increase in the demand
for suitable terminals was induced by thé confidence
and interest which the public manifested in 1927,
particularly after the epochal non-stop flight of
Colonel Lindbergh to Paris.

The responsibility for airport establish-
meéent and operation devolved on the municipal govern-
ments by a process of elimination by a more or less
natural gravitation to its logical sponsor. The
policy of the Federal government was defined in the
Air Commerce Act of 1926, by which "It shali be the
duty of the Secretary of Commerce t¢ - - - = provide
for the examination and rating of air navigation
facilities available for the uée of aircraft of the

United States as to their suitability for such use,®



The Federal government will not undertake ihe
establishment of airports except for military
purposes. The effectiveness of the policy whereby
the transport company becoﬁes the tenant of the

municipality hes beer shown by its general adeption

\

in mecet cases in the past few yoar:,
50g000

406000 | ;;4;7

30q000

209000 .

e

/926 /927 /9Z8 /929 /930 /93/

N

PASSENGERS

Yea/';y fora/ of passengers carried on
requlor 7 Torgea? screavse 1. Y. 8.

Passenger miles flown (one passenger carried

one (1) mile).
1930--103,747, 249

1931--112,000, 000

Passenger fare average per mile $0.083 for 1920.



PRELIMINARY STUDY OF EXISTING AND PROPOSED AIRWAYS

Early in the study of the airport site, it
should be determined whether the city is en a regional
or national airway route, existing or planned, or
reasonably to be predicted. If the city is not and
ia not likely to be on such a route, then it should
be considered whether or not the distance from the
city toc the nearest airport which iz on such a route
is so great that people can save emough time by fly-
ing, as compared with other maané of transportation,
to warrant a local airport for this purpose. It is
evident that any time up to perhaps half an hour
might be consumed by & person in town in getting from
his residence or from his place of business to the
airport., If now it takes him only fifteen minutes to
fly from the local airport to an alirport on the main
airway, it might actually save him time to meke the
whole of this Jjourney by antomobile or possidbly by
reilroad, in which case the local airport would serve
only local needs and not be particularly valuable as
a connection with the generai national airway net.

Any decisions as to the‘airport will further

be influenced by what kind of station on this route



the local airport is going to be. To borrow the
language of the railroad, will the local airport be
a terminal, a Junctiomn point, a regular stop, a flag
stop, or, although it is along the route, will it be
80 located that no stop could profitably be made by
1ong~distance‘traffic except under extraordinary
circumstances? If it ig a terminal station, then
tarminal storage facilities will be necessary, and

& close coordination mmnset be arranged betwesn the
long-distance traffic by air anéd local air traffie,
or other forms of transportation, presumably radi-
ating from the terminal airport and serving a local
region, If it be a Jjunctiom point, an intersection
of two airways, then transfer facilities will need to
be given special consideration, If it be a regular
stop for practically all service, then the capacity
of the airport must keep pace with the whole
cepacity of the airway as it grows. If, however,
the airport ie what might be called a flag stop, thé
field must s8till be large enough to accommodate any
trensportation units which are used on the route,
but the intensity of use of the field will be much

less than the intensity of use of the airway.






CHAPTER I

CONOMIC SELECTION OF 4 SITE

ha

in alrport is primarily e part of a trans-
gortation system, but shonld aiso be congidsred ac a
functional area being a unit of all the functional
areas which go ts5 make up the total land cceupied cor

contrallied by the community. Therefore, its location

.
b
Z

b
@

lzg a city and rogional nlanning »nreblem, and sheuld

b

O

sclved not only from the point of view of gir transg~
portetion, but also from the point of view of the great-
est efficlency and the least mutvnal harm fer all the
comnuni ty.

The priblems enceuntered in the sconomic

salection of a slite will be discussed from four angles:
1. Accesnsidbility

2« Relationship to other functional ercas
3, Size, shape
4, Afeguisition ¢f landse

Accecelibllity

The principal adventage of alr transportation
s that it sgves time, and with $he grecwing speed
of planes (at a higher unit cost of operation) the time
consumed In getting te and from an airpert will be &

very important factor. The better the trancslt facilie



ties, the farther in miles the esirport can he located
from the center of population. Other thinge being
egual, the problem ig to secure the greatest proximity
tc point of time to the center of poprlaticr per
d2llar invested.

The bus and texi, like the private antomo-
- blle, uvse the public highway systen, and the relation
of thie kind of transportation in relation to the gite
tc he selected depends upon a satisfactory highway
gsystoma. Operating companie# at some alrports trans-—
pert thelr passengers to and from the center of popu-
lation, thus assuring good cennections at the Airport,
Since an elevated line glves service that is much
faster than ordinary surface transportetion, proximity
to svech a line already existing would be a very desir-
able feature in the location of an amirport. Preoximity
to a subway is by fer more desirable if the land values
are rot prohibitive. Where this condition exists, the
geites, located so that future subways running tc the
alirport weouvld connect with the main system, should
have congideration, Surface car linez would not be a
very lmpertant focter In most cases as they are usu-
ally restricted to crowded streets. TWhere they are

operating over a private right-¢f-way, they way be an



ally Tt shoald not be counted as owne 2f the governing

The relation of *he airport o the waln highe

way cystex in most cases wlil be the waster considera~

ticn which will determine the effuctive nsarness of

are the factors maling for comsiatent rapllity for the

- & I 3
zsonnecting f$ralfics
E3 2 ¥

&

1. Jeparation cf grades at the grinclipal Ligh-
way interrsections.

2e Ellmination of rallrcad grade crossingse

Ca Freedom frowm ferry crsssings and drawbridges.

de Adeguete width of highway.

8. Prouper contrel of traffic alang the higbvay.

mae site ahonuld be near enosizgh to & waln

highway as to be very readily accesulble frowm 1%; Lot

should not abmt direcctly uporn 1t for wny considerakle

lergth, A location set off from a heavily traveled

3

s t

g

[

lane eliminat

t

2t o» mental hasari, Buth

&
[
o]

wilots ard public, which ls precent when eirglanss
pans cloge 0 wirez anid traffic, Land sbitting upon
a hizhway has a Llgh frontage value, which 18 not

ar aaget bo the airport as suchs  gureiclent access,

however, 13 necescary.



Unless a slte could be selected either ad~
Jacent to cor over an important railroad terminal orx
station there iz no particular advantnge in being
located on the main line of & system, . The transfsr
of passengers and freight from plane to train would
have tc be done by some other means of transportation
in umost casss. Being near the one railroad might
place the airport at a disadvantage for communication
with other main line railroads in the community,

Transfere from airplane té ship, with the
pessiplilicy of seaplanes being used, would maxke a
location on a waterwoy desirable, There are dizsdvane
tages to this location sueh as fog and risk in taking
off directly over water, unless the slize of the field
or surrcunding area avelilable for landing gives a
margin of safety by vermitting the sisplene to gain a
gsufricient alvitude %o make & gafe landing in event
of engine failure.

A study of tne stmospheric conditions should
be mede of tne envire district under consideration vo
determine fog and smoke condlitions. Records of the
wsather burean show that in the New York metropolitan
area dense fog (fog that obscures odbjects 1,000 fseet

away) decreases very rapidly frcewm the scvuthern te the



noarthern porticn of the district, and slightly from
the sastern ts the western portion. Dengse fug cceurs
at Sandy Heolr seven per cent, of the days of the year;
at the Dattery, five per cent.; at Central Park, two
per cente; and at Mount Vernon, one per csnit, The
prevalence of radistion fug (grcund mist) varies dut
slightly throughout the i strict, any ons of the low
flat areas being about as sublect to these fogas as
any other,
A survey will be neceesary to determine the

arees where emoke prevalls. Most of the industrial

smeke of the me trepollitan district originates west of
Manhattan, and is carried out cver the dictrict by

the prevalling vesterly winds. In.general the Jdensity
of this smoke decrcaces from the southern %o the
nerthern parts.

Belationship to Other Functional Aress.

The effect of the residential disgtrict upon
the airpert is not likely to be harmful except that
tall eapurtment homes, scheol bulldings, hospitals,
churcheg with spires, or trees, if located too near t¢
the field, may be obstructions, The site preperly
locatsd, and the carrying out of a zoning plan for the

surrounding preperty wonld eliminate this difficulty.



10

The effect of a commercial district is dls=~
advar tageocus in the following wayes 1t creates
hagzards by its closely built character, its tall
structures, and the air currents generated above it,

High factery chimneys located in an indus-
trial district constitute a hazard, especially when
they are isclated, even though they may bhe as much as
a mile digtant from the fleld. Smoke and the alr
curvents found over snch reglonsg make flying more
difficult end dangerous. The approaches and surrcund-
ings of an airport in an industrial area are likely %o
be lesc appealing to the tastee of the pecple patronize
ing alir transport. Some of theve disadvantages are
possible of contrel, Chimneys can be replaced by means
of the installation of forced draft, and the danger
from smoke and alr currents lessened by locating to the
windward of the smoke areca.

An airport is not a thing to be sought in a
residential Aistrict, for the sake of the recidential
district. Neverthzless, the airport cannct be excluded
cempletely frem all residential dietricts because this
weuld be likely to render impossible the efficient
location and cperation of a very important Iunctional

aresa» 4 small field, with planes consequently forced



to fly over hounces at low altitudes, cortainly would
Pe both dangerous and noisy. Ancther objection that
has brovght complaints is parking in the vicinity of
the airpert.,. 4 field properly designed with runways
of gufficient length and parking areans plarned within
its limits should eliminate most of these objections,

an sirport located in a commercisl district
might create & barrier which wonld be & serious dig-
advartage to the ordlnary expanslon of buglness, and
access to the business area.

There should be no injuriouns effect cf an
airpert upon an industrial district.

In dlscuesing the relation of an alrport

tc the recreationgl areas it should be horne in wind

that alirplares arc primarily & means of tranaportation,

and not a recreation, The small percentage ¢f the
nopulation that make use of them for recrcational
nurpocses wilill beccome less as the novelty wears coff,
and we all become aceuegtomed Yo, and econfident in the
service az renderecd by transpert comparies, A park
system is & functional area, and every unit of it is
glther serving an important need or is planned for
the purpcse of serving a need as the surrcunding

population of the city increases. A site gselected as

11
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a separate unit, but near a park system should be
advantageous for the alrport, ad shonld not bhe ine
Jurious to the park, Freedom from tall structures,
and the heavty of the surroundings, with the pos-
21ibility of the connecting highways running through

the park system, 1s deszirsble.



Size -~ zhaps

In the United States the size of airports
depenls wmpen by whom and for what the airpurts are %o
he used as the following list indicates:

le Alir maill

2, fTransport

3s Schools

4s Alr taxi servics

H5s Sight-seeling

6. Use by private planes

7e Testing

At firat all or most of these activities
conld e cared for at the one alrpordt, but ag the
amount 9f mail and passenger traffic incresaged, the
other useg could be sepgregateld to separate fielde. In
selectinyg the site, the ultimate wmse with fvll allow~
ance for future expansion should be dborne in mind.

A comprehensive layout of all the areas that
will zatisfy the internal needs should be made and
gnperimpoged upon & map 2f the proposeﬂ‘eitﬁ. A stady
of the effeect of the gurrounding terriﬁory on the size

and shape of the total area reqgquired can then be made,

13
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For alrpcrts locauted at sea level, sur-
rezundling obotructions diminieh the effective landing
lengthy for planer landing over these obstructions by
amcunts equal to seven times the height of the ob-
gtruction above the landing area., For instance,
obrtacles £0 feet high along the border of the field
diminish the effective landing length for plenses ﬁy
350 feet, This aleo applies to plancs when taking off.

Fer alrports located at altitudes in excess
of 10CQ feet adove sea level, the dllowahle safe
climbing ratios for clear cbstruction shall be in=-

.

creased to the value shown in the accompanying figure

furnished by the Department of Commerce.

ks
=
~
oy

7
\

% EVEL 1Y FEET,
@
£

:

-~

:

:

A TITLOF RBFE

o]

4 [, /4 Rz /5 17 174
FLLOWRBLE SAFE CLINBIMG RATIO
ﬁy I~ Hliomable afe chmbing nito for clearmy obstrucbiorna
2 A lades abore smr leve] Bogead wrra mbo of Th/
P AR T r.’tt/




v bta Tey lrowo ot al oevory Laldividnael obetructlion

- - . . " " . *. - 3 iy
il e e ek A Jutarie o at tue evd of a4 TUnwaY,

ooy ot vatric oshivld be s aucs & 1l Yo 1,
Lot pTovr o Y oa dan

The inteTral oyl effeeting the slze
It SR @Y L B 1 Lmen b lricorlve lanling aTed,

cdetToe Samarls certaln Tasic principles %o e

alaevel v lr *he lar:tt ol all alrporhs,
I= woFfomes e o the pifogtive lanllng aréa,

cLont Loace fs ot avalla¥le for landing and

bl L FD iv a1l Alrsetinnz, there ghall bYe at lesast

¥
&
IS
-
be |
o
&
¥
k!
b
&
¥
&
€
¥
¢
#3
£
L&
g
&
[

in wlidth crossiog

ar c.oavaTelng abt an angle L& rot less than €00,

A+ ot less than 500.
B - . 80°




o T
\‘}\
\\
S
OV RG Y T o

A 16T foss fhen 500"
B N Ass i o

BASIC REQUIREMENTS FOR T (VNG STRIPS

Iv addition tc the basic requirements
alrports are rated. This is shcwn by a letter
figure and a letter indicating facilitles, slze of
effective landine area, and lighting equipment
respectively. An A-14 is the highest rating
attainabdle,

For a "1" rating,the size of tre effective
lending area shall be at least 2500 feet in all
directions or it shsgll have landing strips rot less
than 500 feet wide, permitting landing in at least
eight directions at all times, the landing etrips
not to croeges or converge at angles of less than 40¢
vpor any one of the landing strips to be less than

2500 feet in effective length,

15
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When the airport lies at an altitude inm
excess of 1000 feet above sea level, the dimension of
the effective landing area or the lengths of the ef-
fective landing strips shall be increased to the

corresponding values shown in the accompanying figure.
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All the above rules should be carefully
considered, but Jjust meeting the raquiremehts of the
Department of Commerce would not be enough to take
care of future needs, There is a consideradle weight
of opinion at present that, in view of the tendency
toward larger and faster planes, the landing strips

should properly be planned with an ultimate length of



at lezst 3000 feet, Provision for future expansion
is highly desirable, and it ie unlikely that improve-
ments in the ability of alreraft to alight and arize
from the field will result in a reduction in size of
the fiel@, becauvse any such improvement would almost
automatically bring about a complétely offsetting ine-
crease in the number of aircraft., As with parks,
there is @ size beyond which it is disadvantageous
for the city to go in sgetting aside areas through
which no streets may pass, and also there is a
sufficient size for an airport, so that if the future
uge outgrows it, the angwer would not be & larger aire
port, but a differentiation of function and another
airport somewhere else,

Separate landing and take-off areas have
been advanced as a means of increasing the capacity
of alrports, but one area can be arranged sc that a
landing and take-off could be made simultancously.
Figurefollowinz shows such an arrangement. Instead of
an all way field, the wuse of landing strips properly

marked affords & means of controle

18
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Ideally, a landing field should be cepable
of containing, in the eight primary compass directic-e,
the required length of effective landing stripe, thus
allowing landing and departure in practically any
1irection, If feor unavoidable reascns, the field
cannot be of ample dimensions in all directionms, 1t
should at least have ample dimensions in the directisn

3f the prevailing winds,
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sotdlelyet spsce for bulidings shomld be
allotted where the minimum interference with planes
landing ani taking off will result. A compact ar-
~anzement taking up the least area is the one in
#hich the buildings are placed in one of the sectionv
between the landing strips. This is objectionable
a8 it may be advisable later to make the whole field
egvailable for landing, in which case the existence
of theae butldings on the field would seriuusly re-~

Juce the effective landing area.

[ HANGAR ARER

-
.

,/"/

///"z‘fﬁmwﬁz_ FRE
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The areas to be alotted for buildings
will be discussed in the following order:

1., Xangar sites ~ storage of planes and

appurtenénce@a

2, Accommodations -~ passengers and

personnel,

. Poat O0ffice and Weather Bureau, etc.

4, Shelter for maintenance equipment,

In planning the size of the several areas
it will be necessary to make an assumption as to
the capacity of the Airport. The lending area can
be divided into two sectiong, one for landing, and
one for planes taking off, Thie¢ will probably in-
crease the efficiency by about 50 per cent., but |
the number of landings that can bhe made per day
will be limited by the extent to which & uniform
traffic control system is perfected. The peak
hours for transport planes usually occur from 7 to
10 A.M,, and 4 to 7 P.M, Twenty landings per hour
for these periocds allows for a ﬁargin of safety, |
The remainder of the day's traffic might sverage 10
landings per hour, which would make a fatal for the

day of 300 landings. Planes making short flights
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will make several landinze each day, but there will be
other planes under repeir or in dead storage so that it
sesws reasonable to assume hangar space for approximate-
1y 800 planes would meet this reguirsment,

Hangar sites 160% x 400" will allcw for the
erection of two hangars with spane of 120! to 160% angd
a ret back of 20' from the property line. Planoways a?
least 150! in width shounld be placed between the sites
to enable efficlent manoceuvering of ships, Ten planes
ts the hangar would reqguire 15 sitee for the 300 of
them. Bach site including the adjacent planeway area
containsg 3 acresg, thereforve, rroximately 45 acres
will bes reguired.

A terminal area should be allotted for either
one large tercinal bullding or several smeller bulldings
for the accommodation of passengers and personnela
allowance for sufficient space surrcunding the builde-
ings shenld be made in this aresa for the control of
vehicular traffic, and the handling of passengers boards
ing or debarking Jrom planes, A4 predliction of the number
of passengers that can be cared for by an airport is even
more of an uncortalin guantity than the area reguired
for bangars. The capacity of a plane might be doubled,

but the storage space reguired in a hangar mizht be ine
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creased by only 20 per cent.

5ix hundred landings and departures sach day
with an average of ten passengers to each plane wounld
mean that 6000 peosple would pass through the terminal
area every 24 hours, Even though this number should
not be reached, the maximﬁm of 400 an hour during the
busiest time of the day might have to be accommodated,
This area shculd be at least 600 fest sqguare.

The post office and weather dbureanw should
either be in the terminal area or adjlacent to it,

Space to alldw for the erection of buildings
to shelter field maintenance equipment should be
gseggregated to a distant part cf the field.

Several parking arcas will be better than
one large area, Zither provision for parking or the
hangar sites or several separate parking areas should
te planned for this section. A large parking space,

accessible to the terminal area, should be providsd.
AREA - Airport Proper
Landing Area 200 acres
Hangar Sites 45 "

Terminal and Administration 10 #

Parking 10 #
Cennecting Streets 10 "
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A total arcw of S07 %o 400 ascres at ses
~evel wizrt be necessary depending wpen the roguire-
mentn of the srrrounding tervitory.

w

acyuisgition ¢f Lands

e investment in land arca for an alrport
e wsually a coneideradble item of immediate expensa.
The fact that a site reg»ires a large investment for

lend irdncewe the touptadise *o elimlnate 1t from con-

gideraticn ur thie account, although It mey have many
dezira>le fzaturez. This has proved to be poox

gcenomy in certain cases for the reuscn that the raw
lan? cocet la used as a bagis ¢f comparisen rather than
the btotel cost which includes necegsary expenditures
for clecring, grvd®ing, grading, 4draining wnd surfacing,
A egite compesed of many small parcels might
involve legal entanglements thot would be cestly and
alsec take up voluable time In settling.
4 sunicipality hes an alvantage in having the
powere of condexnation a? an airport is considered a

public needas



CHAPTER II

ENGINSZRING SELECTICN COF 4 SITE

B s e =)

An item which often received too little conwe
sideration in selecting a sits is the matter of
relative cost of preperation, The axtent of graling,
drainage anvd surfacing will depend upon natvral cone
ditions sueh as topography of the ground and character
of the scilse In some instances an ltem of cost for
flood control cr an ltew for the wse of pile founda-
tiong for baildings ghould be considered.

In order to make a study of the prdposeﬁ
site, a topographic map should be ohtained, This will
show the relative elevaticn of the tract, affording a
means ¢f caleculating the yardage to be removed where
grading is necessary. It will show the location of
the natural drainage channele and the amcunt of their
slopes.

Gradin,

The grading estimate chould be considered
from ssveral standpointe,

1, The waximum gradient permitted by the
Department of Commerce for slopes of landing area
shall at no point exceed 23%. The mean slope shall

not be more than 2% in any direction.

25
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2s The surfaecs gradient ¢f ths areas in=-
fleences the rate and amount of surface run~off from
rainfall. This influences the size and spacing of the
lines of the drainage system.

3s Most airports will ultimately have paved
landing areas or runways, and ths gradieﬁﬁ should s
held tc low limits,

From any of these standpoints grades of less
than 2% are desirable.

Congidering first sarth and turf surfaces,
uniform gradients up to 1.0% are preferable to lLevel
fields becaunse the run-off induced by the gradient
helps to remove the surface water before the soil
becomes so0gL¥e. This is particularly true of denss,
heevy soile such as clays. In soills thszt are apt to
wash, gradients must be reduced, A modsrate gradient
makes possible the use of 1onger drain lines than may
be uged in level greound without going to too great
a depth.

Where runways or paved areas are plannsd,

a gradient of approximately 0.5% prcvides ample

surface run=off.



Jrainage

The relative costs of drainage for several
sltes might differ by as much as One Thousand Dollars
an acro,

™e factors that add to the cost of drainage
are;

1. High water table
2. Poor upper stratum of soil (clay)

5. Lack of a natural slope (such as

meadowlands)

4o Difficulties in providing a proper

ontlet beyond the airport limits,

The basis of design for airport drainage
system will be discussed. Data pertaining to gcil
churacteristics is eshown under appendage one,

The sources of scil moiafure are precipitas
tion, flow over the surface from ad jeucent territory,
end underground seepage from higher areas or tide
water,

Of the water from the first twe sources,
part flows over the surface to denressions and ditches,
part percolates into the earth, and part evaporates.
The sespage from the second two sources usually cavses

the level of the ground water to rise. Tide water,

27



2f course, can be a scurce only when the site is in
the viecinity of tidal waters, The water that perco-
lates through the ground during a heavy rain canses
the watér table cr» level of ground wéter tc rise above
the greound in the low areas, If the surface of the
ground is of an impervicus material, the precipitation
will run on the surface and collect at the low areas,
With a low water table, and a poermeable soil, bhotk
surface and sub-scil, the precipitation percolates
through and there ig no need of drainage. The appli-
cation of dust-laying material or the paving of land-
ing strips, thus sealing the surface, makes sgurface
drainage necessary in the latter case,

The amcunt of water to be carried off de~
pends upon:

1. Rainfall

2., Character of scil

3sa Slope of ground

4, Type of surfacing

The rational method, making use of precipita-
tioxz curves.compiled from records over a lang periodifor

local conditiorsz, can be used for determining the run off,

28
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The character of soil has been covered under
that topic, but briefly, an impervious soll increases

the amount of surface runoff.

The steeper the slope of the ground, the

Lase chance there is of the water percolating through



the surface s0il, Tnis recuite in an increass in Lhuw
amount of surface runocff as stated under "Grading".

The type of surfacing is & very important
item, and an allowance of at least 20% for paving
4surface for the landing arez of arn airpert should be
made,

With the above as a hasis, an assumption
can be nade fer "CH, the coeficient of runoff or
percentage of surface watervr reaching the inlet,

"I" is the intensity or rate of reinfall
in inches per hour at the time of concentration. The
time of concentration includes the inlet time, tke
period consumed by water in flowing from the most
distant point in the drainage area to the catch basin
and "time of flow" in the pipe. ‘The "inlet time" 1is
very important as it materielly influences the whcle
design, TFor an sirport with a low gradient and
Zrass areas,the inlet time cen be taken as 25 minutesz.
Using the five year curve the value of *1¥ will bve
2.6 inches per hour. The value of “C" for 20%
pavement and 80% grass area or some other pervious
material will be .80 for pavement and .15 for grase,

general slope of field 0,5%.
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etal pige surrounded by a porous waterial. Thiz psrs.

awatorial was In many case:s carried $s *he gurface., oz

e W

obgjegticns t¢ this wmethed are:

le Inabllity of water %o get througlh uppe
surface to drain.
&s Locse particles scattered by plunes.
e Difficulties during freezing weathzr.
Thers 4ag Yeen no satizfactory method of hinde
ing the surface over these drains without maling it
practically lupsrvious %o waler,

Thig trencik method sy cambination ¢f the

(&

surface ard sub~drain systems was resoried t¢ bscanc: of
the fear that the installation of:catch tasics woeald he
hazardeus,

Open grating flush type catch hacins have besn
irctalled on alrports with satisfactory results, I1If the

"

ground is apt to get soggy around the Tasin, underirsins
should be placed, arnd the surface peved for a radiuvs =f
approximately five fset,

For eactions of the field having runways, ithe

catch basin can be placed abont temn feet in from the

edge on the paved runway, For an all-way field



cLluiowsEine cun be placed at the low points of the
Tield. With a loose meterial as a surface, the
apacing of the basin shounld be arrsnged sc that a
minimum amount of surface washing will take placs.,

With the treanch method of receiving the
surface water, the mains in many cases have been
designcd to allaw for a rurnoff period of two to three
hoursz, With the inatallation of catch businse, a quick
runnff 1g necesgsary, and the system is similar to the
ordinary storm water sewsr, 43 in a storm sewer sysbtem,
the catch basin should be connected to manholes,

Submaing and mains need be only deep enough
to provide ample grade of flow for ths area being
drained. The flow line gradient should be at least
0,3%, and in no case less than .26% for laterals.

Thile it is preferable to maintain a minimum of 0,3%
gradient of flow line in submaing and maine, they may
have as low a® .2% gradisnt and give satisfactory flow.

The purpose of the sub-drainage is to remove
the ground water and lower the water table, It
funetions by releasing the pocketed air and causing a
line of least resistance. The drain conslstg priscipal-~
ly of a trench backfilled with cracked stone or some

other pervious moterial, Az a means ~f alding tha fluw

33
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ST wwev, plipes ol the folliowing materials may bo
¢l

ie Tilse

Se worcrete

Ve waTrugatcd metel pips with bottom

/3 periirated.

in geniral, the gil~iraine are wlacel at tlhe
Yup D we o unlorlyieyg luoervicous stratum, at the bottom
ui ar owverlylog water-Taoaritg ctratim, or at such
leptiis as to Loy the vater tablec gufficlently low
Gilligae Py oprTevent ravitetioral and capillary water
frcw Veiry haraful.
CAITITT O CAalIllanY walER RalSild POUUDS PER SYTUARE

Tuvi Ui Guil ¥ER LAY
delght Above Juurce

- i Hoot 2 Heet 3 Teel 4 Feel
Wedium Fire Sand el Cel7 1O C.591
Medlwn Cia;if LG au f).u5 }..CC IQQQ 0.90

This meamn: that with the water table onc fs9t
“oluw the gurface of & wedium clay loam, 2,25 pounds of
water wlll rise 2 the surface (and evagporate). IF the
water tuble le lowered, leos water will he raised by



caplllary action, ilken the caplllury watexr is
present in large guantities, the upper soll is made

lampermeable,

RICUMUENDED DEPTH AND SPACING OF SUBDRAINS FOR VARIOUS

S0IL CLASSES

Depth of Distance
Bottom of Between
Drain Subdrains
in in
BSoil Clamsses Feet Feot
Sand KB 150-300
2e3 100~150
Sandy Loam S dy ©100-150
2w 85-100
Loam Swd 85-100
2m3 75-85
S11l¢ Loam 3~4 75~-885
Smd 65~75
Sandy Clay Loam Bmd 66~"75
Bwe 3 5565
Lay Loam Y 5565
23 485-565
Silty Clay Losm St 45m55
2«3 40"4}5
Sandy Clay Fd 40-45
2m3 55-40
311ty Clay S 3540
2-3 3035
Slay S 30=35
2-3 25-30

i

The three principle systems under which sube
drains may be arranged are

le Herring-bons systen

2, Gridiron "

Ye Parsliel “

35
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4 landing area with a smocth surface capable
¢f withetending the loads subjected tc it is a very
important factor in promoting safety in aviation.

in the early days sod, with & good light
gubsoll, answered this purpoese very well. With the
increase in the nunher of landings, and the usze of
heavier and fuster planes, it has become necessary to
previde & nere durable surface.

| The essential ceoenditions
ing are:

Lo Buffiecient bearing pcwer to withstand

plene lozde plus the inmpact

2, Smoothnerscs to allow an ordinary sutomo-

bile to travel at the rate of forty
miles an hour.

The conditions to be desired are:

l. Goed traction

2o TFreedom from dirt

5, Low cost

4, Low maintenance cost

5. Long life

38



=liminates the necessity of having coft surfaces, arnd
aisc reiunces the high mainterance cost due to ruis
@57 o

canged by *he tall skidg. With their continved use it

i doubtful that any surface could ever have been

perfactsd suitable for all purposec.
Surfaces for airports can be claseificd as

Sy High type

The law %type consists of selscted earth mized
with the native scil, suckh as tand and clay, or cover-
¢ tho bess with sowme porous material suweh as gravel,
crushed stone, slag or cinders. The only advantage

»% 1y low.

[&)

sf this low type is that the initial ¢
he disadvantages are: high smaintenance cosgt, damage

te plarnes from leose particles, poor traction eand duct

The intermediate type of surfacing consicts
9f & hituminous makterial, either hot or cold, with an
agzregate fusnally a local one¥ or a native s0ll, The

23s of comnstruction fer this trype ars surface

39



40

*reatment, penctration, mixing in place cr pre-wixing.
The peretraticn weithod khas Jound favor ir
many alrgords throiughowt the ceosuntry. It is ginmilar

t: the 0l recadanm paveowment with the addition of the

the pene*raticn wethod ares reavcnabls first cost,

minimun amovnt of egvipwent nscessary, moderate

L&}
£

matntenance sost, gouod traction, lesk of dnrst eand
locse particles, A very important feature ir 1t3
éalvage value as & base faor a wore permancnt pavew

ent. The

The high-type surfaces cgnsi@t cf reinforced

L5

srdlend cemont corcrets, gheet mephalt or aspheltic

cament cencrote bases The

el

concrete on a rortlan

awivartages of the high $ype surfaces are lovw maln-

”

N

+

H
[44

tenance costs and long 1life. The initlial cco

w

high, ané 1% is inadvisable for most alrperts to

consider such an undertaking uwntil %tks needs are cof

fven though there exzists & possihility of
heavier planes heing nzed in the fuitnre, surfacss

shewld be dezimed on gresent fay reguirewments. The
larger planes may have additionel vwheels and larger tires,

thereby distributing the loading. Witk ths further



perfection of the shock absorbers, the uvnsprung part
of the plauns will De lighter, thus reducing the

luwpact.
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CHAFPTER IIIL

SUILDIVGS AMD APFURTENAICES

ty

|
;

o]
s
fd
£
jio
B
£

The character of an airgort is Judged to a
great extent byvthe appearance of its buildingse
Zarly in the development a decision shounld be made as
tec the type of architecture and color scheme to he used,

Colonial and Spanish typze of building
have found favor with some of the large $ransport
companies of the cocuntry. The architecture should he
plain and well proportioned.

The cesloer scheme selected should allow forx
vigibility from the air. For the sides of the buildw
ings, a buff cclor proves satisfactory. Chrome yellow
is recommended as ths color for the roois.

There are three generzl types of airport
buildings, viz.: hangars, %erminal builldings, and
these built to house eguipmsnt,

Hangars are priﬁ&rily need for the storage of
airplanes, but may be used for one or more of the feol-

lowing additionel purposss:
Light repalrs
Major repairs (overhauling)
Storage (airplane appurtenances)

Fiel?d office

42
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PMlying school

Show room.

The uses of the terminal building or build-
ings should include accommodations for the passengers
the same as those in a railroad terminal. Additional
space should be allotted to provide for:

le Operating companies

2s TField staff

3. Post Office

4, Weather Bureau

A temporary duilding should be erected, and
later replaced with an appropriate structure, or a
permanent building constructed in unlts comparable with
the growth of the airport for terminal and administra-
tion purposes.

There is nothing of a special nature about
the buildings for the housing of equipment, Space
should be provided for the field maintenance equipment
and the forces operating this equipment. It 1s also
necesasary to provide.houaing for certain of the fixed
equipment,

Of the several types of buildings, the hangars
are most characteristic of an alrport. BRegardless
of the use to which a hangar is to be put there

are certain general requirements to be cone
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sidered, viz.:
le Unobhgtruveted floor space
2, Unobstructed enitrance
d. Protection frem fire
4, Hesating
5. Lighting
Rectangnlar hangars arc most adsptable to

th

@
LW R

najority of azirport nceds. The lay-cut may be

varied =ith wide limitsz of sizec anld zpace ncedsg, de-
pendent vpon cost and use. Due to the necescity for
constant moter overhanls, much work is performed on
planes within the sare area that serves as storage.
Pepalrec ncvally reguire eguipnent in the form of
machines, which ghould be houvsed in a lean~tc separate
from storage cr working areas, yst easily accecsible
thercircm,

§ix or eight-sided hangars have been erected
on several airports., The machine shop is in the center
likXe the hub of & wheel and adds *c the efficlency of
the working arca, These hangars are not so well adapi-
ed to addition or alteration as the rectangular hangar
and cannct accommodate large planes so efficiently.

Three types of hangar structures have been

uged, namely: frame, reinfocrced concrete and strnctural



The frame Langar has a very spparent dis~

e
oy
g
o+
o

ge in the high fire riglk, and high maintenance

(¢ ]
[
Lo
S o
»

The reirforced conerzte hangar has a low
fire risgk, lopg 1life, 1ovw maintcnonce coct, 4Amcnyg its
disadvantages are Included difficmlty in alteratiaeun
with little or no salvage valiuce

Structural steel frame is especially cuitable
fer tangar buildings becmuse of its adoaptability to
varicus planse.

The controlling feature in the plan of &

hangar is %he size of the door opening., D¢ insurse

&

couingt Chgolescence tkhe minimum size of the Acor
epening should bYe 100 feet wile end 20 feet in height,
For each 10 feet of irncreacze in width an additional
foot added te the height sesme to be within the gcogpe
e practice. 4 wmavimun width of 1850 feet is con-
sidered ample for scma years to come.

There i3 an econsmic limit ts the depth of

a hangar due to the efficient handling of the planes.

td
©
g
s

iangars cf one deor opening, a depth of 120 feet

©

howld not be exceeded. Hangars with docrs at =zither

4]

end may have o depth of 200 feet,



Struetural Features
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problem in the construction of hangars. Many needed
improvements to the doors have been made in the past
few yearse The requirements of hangar doors may be
set down #s follows:

1. Speed of operation

2, ZHage of operation

3« Protection against weather

4, Strength

5. Low maintenance.

In general there are two types of hangar
doors, viz,: slide and overhead.

There are two methods of operating the slide
type doors.

1. 8lides across the end of the hangar
beyond the sides. (straight sliding doors.)

2., Slides across the end of the hangar and
along the side wall, ("Around the corner® door.)
The straight sliding doors require cumbersome frames at
the sides for stacking when in an open position, The
"around the corner® doors restrict the use of a portion
of the side wallse.

The doors are usually divided into aections or
leaves ten feet in width. Two rollers are at the dottom
of each leaf, The rollers are egquipped with ball bear-

ingse
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the rollur vas Zesignel to swivel freely. Ths dcors arc
guided &t the bottom by small rails imbedded in the
floor or bear and at the top by weens of recllsrs coming

ir contact with strustorsl st:2¢]1 angles. The method of

g

iocming the 2ocrs by slipping a bolt into & hole in the
floor Nas heen improeved by the intreduction of & friction
®olt, By depressing a handle, the weight of tre docr i
travsforred from the boittom rollsr %o a ped, wkich comes
in contact with the rall on which the docr rests,
Rubberized canvas is ussd for weather-stripping hetwesn
the leaves and at the Jjamds, and adjustable stesl plates
at the bottom. The framing of the doors consiste of
gither séamless gteel tudbing or small channels arnd ‘-
I-beams. Steel plates are facstened to the lower portion
the upper portiocon teilng composed of gash panels o pra-
vide adegrate natural lighting of the hangar intericr,

The cverhead type of hangar dcor has passed the
experimental stage and there is undoubtedly a definite
trerd toward its use., These doors offer the advantaga'
of speedy and positive aperatian; and ars usually con-
troclled electrically ut may be hand operatsd. Prodadly
the twe best kncwn types of overhead doors ars the

Austin Carcpy Door and the Byrne 0n84piece Door,
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Heating Hengars

In certain sections of the country it becomes
necessary to consider the heating of hangars, The
economic consideration of the use of‘materials in con~-
struction because of their insulating qualities is one
of the firet requirements to be mete In addition to the
usual surface heat losses, an allowance of 4 air changes
per hour is necessary because of the frequent opening
of the doors.

The heating requirements vary, depending uponv
the usage., The working area of the hangar should have
a temperature of 45 degrees when the building is used
for storage purposes, and 60 degrees when used for maine
tenance. The temperatures are to be maintained in the
building when the outside atmosphere is 10 degrees above
the lowest recorded temperature in the district. The
lean-to section where persconnel is housed, should be
maintained at a temperature of 70 degrees,

The heating of a building consists 1# warming

the air which it contains, When steam radiators are used,

their heat is absorbed by the air around them, which rises
immediately, displacing all cool air above it until it
reaches the roof or ceiling. Radiators must supply
additional heat until the air in the hangar is warmed in
horizontal strata successively from the highesf to the

- lowest, The result is that the hottest point of the

building is under the roof where transmission into the

outside air is at a maximum, With the use of unit
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heaters a large amount of condensation takes place and
the use of a return pump is recommended. Low pressure
steam heating systems are mostly used for modern hangars.

Depending upon the size of the boiler and the correspond-

ing stack height, there may be used a forced draft system
in order to keep the height of the smoke stack within
allowable limits. The heating plant'is usually located
in the lean-to portion of the hangar, isolated fromkthe
rest of the building by fire-proof construction.

With the development of unit heaters the above
conditions have been corrected. A fan blows the air
across steam colls; thus the warmed air is directed where
desired and causes a circulation of air. There are two
types of unit hsaters, the floor-mounted and the suspended.

The floor-mounted type is placed on the floor at
the side of the hangar. The warmed air is directed hori-
zontally across the hangar and the cool &ir is drawn in at
the bottoms, The outlet should be about 12 feet from the
floor and tilted slightly downward,

The suspended type of unit heaters are located
above the truss line of the hangar. The fan draws the
already warm roof-air through the heating element, heating
it still further and discharging it downward with suffi-
clent velocity to accelerate its mixture with the air at .
the floor level., A greater number of units are used, and
this gives a distribution system, the units being arranged
to blow the heated air toward the exposed parts of the
hangar about oné-third above the floor. In addition to



the circulation of air «ith this sysbem the units are directed to
cause a movenent of air zround the hangar.

fiobv air furnaces with blowers have been used and are
found to be econoimdical, but the nscessary iunstallation of cumbersowe
duebts is obisetionavlo.

Fire irobectiom

In many cases the installation cost of a sprinkler is justi~

fied by the saving wede through reduction in the insurance rates on
the buillding. Although there is no reduction in the insurance on the
planes, fire protection shiould be considered from the standpoint of
logs of revenue eand customer natronage. In addition to the sprinkler
syatem the usual equipwent such as hand equipment should be mainftained.

With the rapid spreading of plane fires, it is essential
that the sprinikler system overates quickly. The open~head sprinkler
with heat-actuated water supply valves releasing mechanisms, has
proven more satisfactory than the sealei-head type of sprinkler. For
results of tests made with both systems refer to appendix "number
Two™ of this papere

The Lowe Actuator wuné the deluge water-release valve‘in
conjunction with open hezad sprintlers form an excellent systems The
Lowe JActuators are attached to the ceiling and work on the same
principal as on aneroid barometer. 4 rise in temperature gauses a
variation in pressure which is transmitted to the deluge valve through
a smll copper tubing about 1/8 of an inch in diameter. A device atb
the deluge valve is so adjusted, that a rate of rise of temperature
above fifteen degrees Fahrenheit per minube causes the valve to open.
The sprinkler pipes are open to the atmosphere and there is little

resistance to the waber that rushes through and out of the sprinkler
heads. Each head releases a mininum of 15 gallons of water per

minute and covers an area of not more than 85 square feet.



Lighting,
Far the purpose of marking the field and providing

gufficient illumination for safety in landing airplanes at night,
the following types of equipment are employed on the airport, '
1, Marker Lights.
2, landing Floodlights,
2, Beacon Light,
4, Illumination of wind indicator,
B, Ceiling Projector,
6, Illuminated Air Maricings.
Marker Lights,

The boundary of the landing area should be outlined
with lamps equipped with either clear or yellow vapor-proof globes,
and spaced not more than 300 feet apart, These marker lights are
termed "boundary lights",

At each end of the runways two or more of the boundary
lights should be equipped with green glass globes "approach lights"
and indicate positions of the favorable approach to the field or
runways,

Buildings, radio towers, poles, trees, and high chim-
neys on, or in the vicinity of the airport must be clearly marked
with red lights, These marker lights are termed "obstacle" or "ob-
struction lights",

T™wo types of marker lights are made; namely, the lock-
ing type and the screw type., Both units are furnished with cast alum-

inum bodies in which drain holes are provided to prevent water, caused

by condensation from entering the conduit,
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The globe of the locking type unit is held firmly
between two felt gaskets, one on the body and the other on the globe-
holding ring, The body of the screw type unit 1s threaded and equip-
ped ﬁith a rubber gasket which provides a water-proof seat when the
globe is in place,

Underground feeds of either the seriles circuit with
high tension 2350 volts lines, or the multiple circuits withlow
tension lines, or a combination of the two may be used, If the
series circuit is used,a film or disc cut-out should be installed to
maintain the circuit in cmse of lamp fallure, To safeguard life and
property from coming in contact with the high voltage,in the event
of a boundary lamp post being demolished by collision, the series
lamp is connected through a safety coil located in the base of the
post,

On multiple circuits, lamps of not less than 25 watts
should be used for clear and yellow lights,and lamps of not less than
50 watts for red or green lights, In the case of series circuits,

S - 24-1/2, 6,6 - ampere, 600 lumen lamps should bde used for clear
and yellow lights, and 1000 lumen lamps for red or green lights,
Diffueing globes or frosted lamps should be used for all clear lights
to prevent glare, Boundary lights gshould be mounted and day marked
in the manner shown on the following page.

A marker light of the flush type has been developed
and can be located in the runway and utilized for traffic comtrol,

Planes may taxi over them without damage to either plane or the merker,
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Ihe Tlush tyne marier light is of cast iron,
hot gelwvenised cnd is fitted with o weternroof door ani
heoavy cryetal zlass lens. Color nlates can be nrovided
between the lens end the lamp to indicate aggroéch,

e G om e 2 - L R s T o
postruchion or for signaling uurpnoses.

The landing floodlights system should he so
desgsizuned a8 to provide an even digtributbtion of illumina~
tion {fres from abrunt chenges in intensity end fron

o

nlgo offer a hizh fdeg

shedow areas) over the entire lamding area. I% should
zree of rel

iability and reguire a
miniunm of gkilled attention. It should be immedintely
avezilsble for use,through the oyeratioﬂ of control
lecated &t & convenient point, and should vermit land-
ing under =211 conditions of wind direction without the
necessity of lending directly toward the light source.
Glare 1z very confusinz to the pilot as it results in
the loss of wrespective and detall and hence makes hinm
uncertain of hig altitudea

Ground surface conditions usually determine

Ty

vhat method

£ fleoodlighting is wost desiradble for land-
ing-field illuminstion. Two general systems are now in
use for floodlighting asirport landing areas:
1. The centralized system consisting of one
or wore light sources located at or near a single point.
Ze The distributed system consisting of a
number oif ligh% scurces spaced at more or less equal

intervals alonz one or more sides of the lending areae
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The csntiralised erstez le =ore wilely tasd as 1t makeg

a simpler and were cowpact installstion, It glves & sore uniforn dis-
trivution of 1llumination and confines Y1 the rlare tn g single source,
Fowever, in floodlighting avems of irvegilar v wavwy rontour, it g
often neacessary 1o use the dletribduled syslewm in orier te ohtain proper
light dletridution and elisinate ehalows,  The presence of shadaws on
the landing area 1o sepecially adblectiona®le for the reasnn that when
viewasd fros the alr they appesr se Jepressin;s.

The lighting eo il ment should give a woft ateady light,
froe frox sny tendency %o flicker or change 1n Intensitr nr color,
and with & gradusl fade out st the sides 0f The lmay,

Farfacs oplore w111 wayy e Flelids in differeant local-
ftiss renging Trem dark %o lighi sanl Jwye raflectilve factors approx-
fmately from 3 1o 40 per eent, ks o2Jeris are vieidle largely in
proportion Yo the amount of light they re”lert 1 the sye, 1t follows

that the groand onlor should tnflesnc~e $- = ma srlent %he mmount of

11ght requiresd, The veriical

intenaliy »¢ 1ilumination (mwasured
6n & plage norsm]l o the purfase o ithe flel!d over the usshle portion
of the landing mares should Be of one gquarter of a Tont ~andle powsr,

Bosl resulis erve oMlalsed By csizg s Light sturce mouni-
ol close 1o the ground T4 te 17 feel ) and predicing & fan of 1ight
*ith & very servew wrilos) flvergenss and & starp cut-off at the top
and with the tep of 1he bean a» nesyly parellel ' e surface of the
lasding sres as pracilos),

Unite uning more ihan ome lamyp eho.ld te mo sonstructed
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that the failure of one or more lemps will not interrupt the
service of remaining lamps, When more than one unit is used
suitable provision should be made to prevent a short circuit in
one unit from interrupting serviee of the other units,

There the flocdlighting is accomplished by 2 single
light source an automatic lamp changer should be provided to bring
e new lamp into action upon the failure of the first ome, IEven with
the lamp changer an auxilisry unit should be provided entirely in-
dependlent of the main light source,

Lights when used in groups are usually of the convex
spread lens type, The light is spread in & horizontal plane without
changing the natural beam spread of the vertical, The lenses are
furnished having either a twenty~five, forty, sixty or eighty degree
spread, and the selsction of the correct lens depends largely upon

the shape of the field.
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The »rojectors are provided with a set of vanes or
iouvers which cut off the stray light above a point one or two
dsgrees above the horizontal. It is customary to turn the lights
glightly dowmward so that all of the light is thrown on the land-
ing Tield and none above the horizontal. 4 focusing mechanism
should provide a three-way adjustment and pérmit positioning of
the lamp filament. Lamps approximately 24 inches in diameter are
recormmended in group floodlighting.

Fér a unit of a single lamp source a spread of 180
degraes 1is desirable. The B.B.T. floodlight with & Fresnel lens,
composed of 21 hand-cubt ard hand-fitted dioptric elements or
panels mounted in a bronze frame meebts this reguirement, The
lens is three feet six inches in width. |

The light source may be either a 150 amp semi-automatic
arc mechaniswm or a 10 tw incandescent lamp. The are lamp produces
a more intense illumination and a more uniform divergence of the
light beam. The vertical spread of the beam i1s about 2 degrees
above and 2 desrees below the horizontal. Beyond these limits of
the beam there is practically no stray light or glare.

Beacon Light

The effectiveness of an airport beacon light is not de-

pendent upon candlepower alone; another important consideration is

58






the duration of flash, It is necessary for the aviator to be able
to fix the position of the light in his mind while traveling at
great speed through three dimensional space,

The airport beacon may have fixed lenses, or a com-
bination of lenses, with a flashing light source; flash panel
lenses; Neon lights, with or without optical apparatus and should
have not less than 100,000 candlepower for long range, They should
have a definite Morse code characteristic. Rotating beacons may be
used meking six revolutions per minute, with at least one parabolilc
mirror or other equivalent optical apparatus, with a horizontal beam
divergence of from 4 degrees with at least 6,750,000 beam candlepower
to 6 degrees or more with at least 1,750,000 beam candlepower, The
lamps ordinarily used in the rotating searchlight beacons are 1,000
watt, 115 volt or 30 volt: T-20 bulb, Mogul Airway Beacon lamps, with
an average life of 500 hours, Beacors having a single light source
should be provided with an automatic lamp changer for bringing a spare
lamp into the focal position,or else there should be an auxiliary beacon
of at least 10,000 candlepower which is so designed as to be turned
on automatically in event of lémp failure, Beacons sending & beam
of one color light toward the north and a beam of amther color 1light

toward the south are useful and can be used as an auxiliary beacon,

Illuminated Wind-Direction Indicator,
Take-offs and landings should be made upwind whenever

practicable; hence it is important that provision be made to indicate
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to the pilots the direction of the wind blowing over the landing area.
The wind=direction indicator - either a wind cone or a wind tee, or
other equivalent device - should be illuminated so e to make it visible
at night from a distance of at least 1,000 feet in any direction and
located 80 as to give a true indication of the direction of the wind
on the landing area, and be readily visible to aircraft approaching
from any direction, Wind cones may be externally lighted by using

a system of industrial reflectors with at least four 100-watt lemps,
or the equivalent, so mounted above the cone as to make it visible in
every direction It is recommended that wind tees be illuminated by
outlining with either exposed incandescent lamps or neon tubes, pre-

ferably placed along the center lines of the strokes of the tee,

Ceiling Projector;

The celling proJjector is used in conjunction with an
alidale to determine the height of the ceiling or the under surface
of the lowest cloud or mist layer, The projector may be tilted to
an angle of 68" 26! and the height read in feet directly on the alidale
by pointing the arrow to the spot on the cloud, Distance between the
projector and alidale should be 500 feet when an angle Of 63° 26!
is used,

An incandescent ’searchlight can be used with a parabolic
reflector of not less than 10 inches in diameter and with at least a
260-watt lamp of the concentrated filament type used for spotlight or
headlight service and a stray light shield given a beam spread of mot

more than 7 degrees,






Illuminated Alr Markings,

There are three general systems of illumination that

are applicable to air marking as follows:

1, By direct light, in which the markings are outlined
by exposed incandescent lamps or by neon tubes

2, By reflected light, in which either floodlight
projector with spread lenses or industrial reflectors are so arranged
as to give a uniform distridution of light of proper intensity (10
foot-candles) over the entire surface of the markings

3, By transmitted light, in which incandescent lamps

are mounted under translucent glass strips of suitable color,
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AVEEIDIX ONE

SUIL CHARACTERISTIC

vy

Irn the Gevelcopmont of an airpcerd a Muowledge

¥ s0il charsctsristics 1s essential to properly tresal
cueh sal

blects as drainage, surfacing and building

The results of borings should be tabulated
tc show to vhat depth the surfece soil extends, and

the naturs ¢f the unierlving material. There umay de

found any of the followiang combinatlions:

L. Forocus surface - porcus subsoll,
e Porous surface -~ impervicus subscil.

e Impervisune suvurface -~ porcus subsoil,

4, Impervicus surface - lmpervious subsoil.
The anelysis ¢f the semples will show the

2y bexture and chemicel compoesition
which hes a direct hearing on the abiliiy

te take up molsture and permit

(%]
a4
¥
@

tard the movemernt of water through them,.
A4 B80il gernerally containg particles of

various sizes a cartalin texture.
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S0IL SEPARATES

Diameter in
Separate Millimeters
Fine Gravel 2e =],
Coarce Sand 1. =0,8
Kz ilum Sand 0eE =0,2B
Fine dand G.20 «0,1
Very Fine Sand 0.1 «0.CE
511t C.058 «0.008
Clay 0.,005mC,.C
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The pornsity of a snil derends upon the
tnxture, that is, the size and arrangement of the
vorticlesg, or the volide 1in the soilas It iz & volu-
metric meacure of the waeter that & given volume of

g1l can hold,
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The percentuge of the various separates
determines how the s0il shall be classified,

CLASSIFICATION OF SOILS

Per Cent Per Cent Per Cent
—BLEES Sand Silt Clay
Sand 80~100 0~30 0-20
Sandy Loam 50-30 050 020
Loam 30~80 30«50 0w20
§ilt Loam 0w50 50-100 020
Sandy Clay Loam B0=-80 0~=30 20630
Clay Loam 20=50 20~50 20=30
5ilty Clay Loam 0-30 50~80 20~30
Sandy Clay 50=~70 0-20 30%60
Clay 0-690 0-50 30100
Silty Clay 0=20 5070 30«50

Use of the right angle soil téxture chart
enebles the sample to be clagsified readily.

(See chart on page following)
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PROPELTIES GF COMMON SOILS

o

Effective
Size of
Kind of Soil So?ﬁ&fi?ins, iz;ecgggggf
Coarse Sandy Soil . 1432 34,91
gandy Soll 07555 34,91
Sandy Loam - 03035 &8.83
Loam .02187 44,16
Clayey Loan -01810 47,10
Loany Clay .02542 49,19
Heavy Red Clay Soil .01111 44,15
Fine Clay Soll 008612 48,00
Fineat Clay Soil .00495¢ 52.94

This table showe that the smaller the
grain size, the greater the per cent. of pore space,

The permeability or perviousness of a soil
depends upon the readiness with which liguids or gases
will pass through the scil. This depends upon the
size of the pores, and how they aré connected
together., This is more dependent upon the soil
structure ¢han the texture. In the above table the
50il (clay) with the greatest porosity is the least
permeablea | |

The moisture eguivalent of a soil is de~

fined as the amount of moisture (expressed as a



percentage of btue dry weight of the sample) retained
'py the soil when it is subjected to a centrifugal
force egual to 1000 times the force of gravity,

From many studies of subgrade goils, 4, O,
Ros2 gives the following coneclusions:

le The adverse character of the subgrads
5011 depends primarily on the volume change caused
by vavriations in moisture content or frost action,
vThs main adverse action of the volume change occurs
in one direction - the verticala

2e The wvolume changes of the soil distert
the subgrade, which displaces the pavement unevenly
and sublects it to excessive localized stresses,

3o The adverse character of the subgrade
3011 is shown to increase with the clay content,

4, The clay content and adverse character
of the subgrade soil is indicated by certain simple
and practical field tests, called the field moisture
ggquivalent and the linear shrinkage tests.

5. Detailed subgrade soil surveys may be
readily made by using U. 5. Bureau of Soils maps in
connection with these field tests.

6. A simplified and rapid method for

making a recomnaissance soll survey is by the use of
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silty clay loaus,

map in
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conrectlion with g

avsificgation chart, without the use

Zererally speaking, sands,

gilty loams are consldered

v clay lcoams, clay loams,

and silty clays,

doubtful swbfrale evlle; ard clay, bad subgrade soils,
7o The dralnsge conditiorn of o subgrade

soil, as well as the bearing power, is indicated ag

peor when the critical point - & stability retic is

¢ne - 1s exceedsd.

the moisture content aAiwi

eguivalent,

ks G q
ed oY

The stability ratio i1s defined as

the fleld meisture

Scile of different chemloanl characteristics

have differcrt efforcts

of drainage pipes)e With

compared with *he chewlos
traffic in or throuch 4he

classifyins the vurisus soi

sible at

coenditiconce

the material (deterioration
few crceptions, however, the
the soll on the culvert

be of wminor lmportance as

of the hydraulic
Therefore, by
“ls chemically, it is POB-

classi fy pipe service
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4.

The nmajor chemicul classiiications of woils ang Wik ers
are: allaline, salt nursh, acid, wineral, nomwl and apid, in
snalysis for elements corrosive to concreie, cast iron, and cop-
rugated wetel plpes is being sousht. wn analysis typical of a

e

sulphate wabter and mine water indlcate that sowe oroteetive measures

R

should he taven to prolonz the life of the drainsge system.

S0il moilsture is of bthree linds: pravitats ional, capillasy
znd hygroscopic.

1. Gravitationu! wmber dls free o move under the influence

ey l
|

of gravity. It is the only Iind whieh cun be rewoved by ditches,
drain pipes or other uoaiiSe

2. Capillary moisture clings to the soll particles by
surface tension and reaches the particles ol ther vhen the free

water passes throuch the sodl, or by capillury atbraction from a

wetter to a drier stratum. It is no®h aiffected by rravity, being

able to move upward as well as in any obther dircetlion, and cannob

be removed by drainags. T ocan, Lowvever, be controlled by lowering
the water-table. Capillary wabter can only be resoved by heating,
evaporation, Treezim:, or sublscting it o pgreut pressure.

%, Iyverosecopie rmoisture (absorbod wgber) is that which
condenses From the abtmosphere upon the surluce of the goil particles
and combines with the soil. It cannot all be driven off, escept by
fails to Treewe ub —-78°C. It is of little

ot

xcessive lLisal and 1
or no importance to the engincer.

The tables and chart need in apoendix One were baken from
Handbool of Culvert and Drainase Frachice hy Armco Culvert

Ianufacturers dssociation.



APPENDIX TWO,

TEST OF SPRINKLER EQUIPMENT.,
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COPY OF RESULTS OF TESTS
CONDUCTED BY THE CITY OF NEWARK UNDER THE SUPERVISION OF
M. W. PARSONS, JR., ENGINEER IN CHARGE - AIRPORT CONe
STRUGTION. SPRINKLER BQUIPMENT INSTALLED BY AUTOMATIC
SPRINKLER COMPANY OF AMERICA.

Conducted November 20, 1929,
Newark Airport - Colonial Hangar - Newark, New Jersey,

The hangar is an exposed steel truss structure,
measuring 120% x 120', one story 35' high, with cement
block curtain walls, steel frame and glass end doors,
plank roof supported by steel framing, gravel floor, open
finish. The ceiling to the height of the roof trusses is
diwvided into 6 bays by beaver board,

The hangar proper is equipped with 6 separate
Rate~of-Rise Deluge Sprinkler Systems, one for each of
the 6 bays.

TEST l-A - DELUGE SYSTEM

To determine the sensitiveness of the Rate-of=-
Rise Deluge.

Sprinkler System to small fires and its speed of
operation, TFor this test the Automatic Deluge Valves on
all 6 systems were set in operative condition. To save
time in preparing for succeeding tests, the open head
type of sprinklers ordinarily used in the Deluge System
had previously been replaced with regular 165 degree solder
type heads with the exception of one head in each system
which was left open,

The operation of the Deluge Valve and the
functioning of the system was shown by the discharge of
water from the open sprinkler,

Fire was lighted consisting of 10 1lbs, of
loosened excelsior placed in a pile adbout 200
from the north wall in Bay $2



and ignited by means of a torch.

Peluge Valve controlling Bay #2‘operated in 21 seconds
and water issued from the one open sprinkler head in thig bay
in 25 seconds. The Deluge Systems in Bays #1 and #3 alse
operated.

Test 1-B - WET PIPE Systeim

To determine the sensitiveness of the Wet Pipe Sprinkler

System to small fires and its speed of operation.
In this test all & systems were converted into Wet Pipe Systems
(all piping being filled with water under pressure).
The first fire consisted of R0 1bs. of loosened excelsior placed
in a pile about 20' from the north wall in Bay #2 and was ignited
by means of a torch. The fire burned itself out in Z%Iﬂmﬁtes
without fusing a gsprinkler head.
A second fire consisting of 40 1bs. of loosened excelsior, placed
at approximately the same location, was ignited by a torch, This
fire burned itself out in between 4 and 5 minutes without fusing
a sprinkler head.
A third fire was then built, pgonsigting of 801b5.of]nosmwd
excelsior, placed at approximately the same location as in the
previous fires, and ignitgd by a torch. 1 minute and 3 seconds
after igition, the first sprinkler hcad fused, and 2 minutes and
15 seconds after the start of the fire aléecomispriMHerlwad
fused., The first head which opened was located at such a dis-
tance from the fire that the water discharged did not reach the
fire. The second head was located near the fire and pradically

extinguished it.



Tegt 2-A ~ HWET PIPE System

To determine the time reguired to actuate systems with
é creeping fire of increasing magnitude,
The systems in this test were exactly the same as the systens
in Test 1-B.
In this test pans containing gasoline were used, 1 quart of
gasoline being placed in each pan.
Fire was ignited progressively, starting with about 10 sq. ft,
of burning gasoline in two pans placed approximately 10' from
the north wall in Bay #®2. &0 seconds after the first pans of
gésoline were ignited, gasoline in four pans having a combined
area of 20 sy. ft. and placed 5' south of the first pair of
pads was ignited. 20 seconds later gasoline in six pans having
-a total area of 30 sq. ft. and placed 5' south of the second
group  of pans was ignited.- Afteranother interval of 20
seconds 5 gallons of gasoline was discharged thru an 1" pipe
onto a revolving disk about %' in diameter, the gasoline be-
ing thrown in a circle 35' in diameter and becoming ignited
from the fire in the pans. The discharge of gasoline onto
the revolving disk was to represent an explosion (without
danger to those witnessing the tesi) which may follew any
creeping fire in a hangar.
1 minute and 20 seconds after the first two pansg had been

ignited, a sprinkler head directly over the fire fused. A



second head fused at 1 mimute and 47% seconds aftervthe
fire was started and a third head fused 1 minute and 53
seconds after the fire was started.

A total of 6 heads in Bay #2 were fused bubt no heads were
fused in any of the other 5 systems.

Test £-B - DELUGE Svsiten

To determine time required to actuate systems under
a creeping fire of increasing magnitude.
The systems under this test were the Deluge Systems with gll
sprinkler heads open.
The fire in this test was identical with the one in Test 2-4
as to total area, amount of fuel employed, spacing and pro-
gress of ignition.
23 seconds after the fire was first ‘started, the Deluge System
in Bay #2 operated.
50 seconds after the fire was started, the Deluge System
in Bay #1 operated.
65 seconds after the start of the fire, the Deluge System
in Bay #3 operated.
It will be noted that fater was being discharged from the
open heads in the Deluge System in Bay #g2 before the lighting

of the progressive fire had been completed.

Test 3-A - DELUGE Systen

To determine time required to operate the system and

the effect of the fire on-plane material.



The systems were exactly the same as the systems under

Test 2-B.

The fire consisted of the same number and size of pans and
guantity of gasoline as in Tests 2-A and 2-B plus one
amphibian biplane with 45' wing spread and a number of
additional separate wings so placed in racks as to repre-
sent the crowded condition found in some hangars.

The fire pans, revolving disk, and plane materials were
located in Bay #3, the pans being in relatively the same
position as they were in Bay #2 on preceding tets.

The fire was lighted progressively, as in Tests 2-A and
2-B.

25 seconds after the first two pans were ignited, the
Deluge Valve in Bay #3 operated and water was Vdischarged
onto the fire 4 or 5 seconds later. Water was discharged
from the open sprinklers in Bay #4, 40 seconds after the
start of the fire, and from the open heads izi Bay #2,

o5 seconds after the start of the fire.

No damage was done to the plane materials as the Deluge
System in Bay #3 operated so quickly that the gasoline
discharged onto the revolving disk did not become ignited.

Test 3-B - DELUGE Svstem

To determine time required to operate the system
and the effect of the fire on plane material.
The systems were the same as in Tests 3~A with the excep-

tion that floor sprinklers were added to the systems in
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the two center bays. These floor sprinklers are connected
to the same Deluge Valves which control the supply to the
overhead systems in the same bays.

The fire consisted oi the same area, materlals and time of
ignition as in Tests 3-A with the exception that two of the
last group of six pans had been moved over under the airplane
wings which were placed about 10" from the revolving disk
and aboﬁt 2 guarts of gasoline had been thrown onto the
lower wing of the pair nearest the revdving disk in order
to facilitate ignition of the wings.

38 seconds after ignition of the gasoline in the two pans,
water was delivered from both the overhead sprinklers and
the floor sprinklers of the Deluge System in Bay #3.

Water was discharged from overhead sprinklers and floor
sprinklers in Bay #4, 1 minute and 11 seconds after the
start of the fire.

The Deluge Systems in Bays #2, #5 and #6 also operated but
no time of operation was recorded.

Water was being discharged from the Deluge System in Bay #3
before the progressive lighting of the fire was completed.
The lower wing immediately over two pans of gasoline became
ignited on the under surface but was promptly extinguished,
with the result that only about 4 sd. ft. of the lower sur-

face of this wing was destroyed.



Test 3- SPECIAL - DELUGE System

At the request of certain representatives of the Underwriters
and Aireraft Industiry, a special test of the Deluge Systenm
was made to determine whether this system would control a
fire originating in or communicated to the inside of the
fuselage of a plane and prevent the spread of the fire along
the wings of adjoining planes.

The plane material used in this test consisted of an amphi-
bian biplane with 45' wing spread placed in the center of
Bay #4. #n old fuselage and wings were assembled in Bay #3
to represent an improvised biplane with the top wings extend-
ing over the cockpit., This second plane was so placed that
the fuselage was parallel to and only a few inches away from
the fuselage of the main plane. Another pair of wings was
placed in such position that they made contact with the
wings of both planes.

The doors at each end of~the hangar were open.

Two fire pans with a total area of 10 séuare feet and each
containing two quarts of gasoline were placed under the end
of the lower wing on one side of the improvised biplane,
close to the fuselage. The lower wing immediately above

the fire pans was drenched with gasoline.

An open tudb about 30" in diameter, containing 3 gallons of

gasoline, was placed in the cockpit of the improvised plane.

75
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The gasoline in the fire pans was ignited by means of a toreh
and the entire surface of the lower wing above the pans was

in flames immediately. Fire was communicated at once to the
surfaces of the wings connecting the two planes, The gasoline
in the tub became ignited about 15 seconds after the gasoline
in the pans was ignited.

The Deluge Valve controlling system in Bay #3 operated in &0
seconds from the time fire was started and water was discharged
on the fire from both the overhead and floor sprinklers about

5 second later.

Vater was discharged from both the overhead and floor sprinklers
in Bay #4 about 30 seconds after the start of the fire.

The only plane material destroyed was about half of the sur-
faces of the pair of wings immediately over the fire nans

and all the covering of the pair of wings connecting the two
planes. The covering of the old fuselage was not burned ani
only 2 small portion of the lower surface of the wings dircct-
ly over the gasoline tub was destroyed, all other wing sur-
faces being so cooled by the discharge of water from the De’uge

Sprinkler System that no further damage resulted.

The original program contemplated two further tests, one with
a wel pipe system and another of a dry pipe system but based
on the knowledge gained from the preceding tests, these were

deemed unnecessary and inadvisable,
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CONCLUSIONS

As a result oi the tests described herein, the following

concIusions would appear to be justified:-

1. - In hangars, et and Dry Pipe Systems of automatic
sprinklers are slow to operate, and in the presence of
drafts may not open first over the fire.

€.~ DBecause of delay in operation, sealed head automa-
tic sprinklers will not prevent serious damage.

5. - Deluge Systems of open sprinklers controlled by
Rate-of Rise-devices may be depended’upon to operate
guickly in airplane hangars, preventing spread of fire
from plane to plane and damage %o hangar. |

4. - The Ceiling and Floor combination of deluge sprink-
lers provides the best protection for the prevention of
large hangar fires and confines the loss of planes to

a minimum,

5. - The Deluge System demonstrated successful combating

of gasoline fires.
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