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FLIGHT STRIPS

DESIGN AND CONSTRUCTION

A flight strip as originelly conceived and plammed by Lieut. Col.

féaﬁan Shumwsy Hanks is a flat area of land not less than 200 feet in widih
r less than 1,300 feet in lengih with clesr approaches located adjzcent to
publlc highway but ig = part of the hlghwey right-of-way itself. Tunder the
eflnltion, a flight strip sutomatically becomes the responsibility of the
varlous stete highway departmenth, any staté'laws relative to flight strips
hoﬁld be concelived as part of the ex1st1ng highway and motor vehlcle laws.
As proposed, flight strips would be acquired by eminent domain, in the
_same way land is acquired for highways. They would be de#eloped with Federal
'fundq sppropriated to the state highway departments in accordance with de-
énse highway act of 1941 supplement (S-1840). See appendix.

Strip landing fields, ag the name implies are 1énding areas of such dim-
p?ions that landings sre possgible only along tﬂe line of the longitudinal
xié. Since they permlt landings in only iwo directiohs, they are not sult-

.aple for use as geﬁéral aviation bases but they are of value for military,

:ivilian and émergency use.

The object of providing a system of flight strips throughout the country
.é to make available great numbers of small conveniently located landing

reas which could be used as sn auxiliary landing arsa near an airport, as

. emergency landing area between airports, as an suxiliary field for the
H.Q. Airforce of the United States Army Corps in an emergency, or as an aid
_ofthe private flyer.

It is estimated that ACO auxiliary landing areas or flight strips






PART II

PLANNING AND SELECTION COF SITE

Much has been learned in the past few years concerning the necessity of
§roper plenning in the comstructicn of airports, and the information now

vailable, if utilized is sufficlently comprehensive to insure satisfactory

resulis in the construction of flight strips. It is a well known fact that
'g comprehensgive, preéonceived plan is of essgntial importance if costly mis—
fakes are to be avcided.

A study of stratigicsl or tactical locations would first have to be

mede. There would be nc buildings cn the fliight strips, and the only men re-

quired would be maintenance men required to maintair highweys normally.
" Ability to cut in on phone lines would be helpful.

In level country, flight strips need not be_adjoiﬁing‘the road but
might better be parallel tc.it, and Separated from it; however, in eertain
- -hilly parts of the country‘areas, adjoining the réad ﬁight bé the only level
arezg avallable.

In the mattier éf gselection of site the commissioner of Public Roads will
direct his district Engineers who in turn will deal with the state highway
commissioners. The War Depsrtment does approve the acquisition bf g1l sites

which are applicable for the particular purpeses for which they will be

needed.
The many factors which appear in planning and selection of flight strip

sites will be discussed under the five subjects, econemic considerations,

aeronautical considerations, physical factors, miiitary and civilian consid-

erationg.
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Economlc Congideration

In the planning of flight strips the type of air service-which the strip
will receive must be given oonsideration. Since a flight strip is intended
to serve ag antauxiliary landing field for both military and civilian planes,
the size, weight and flight characteristics of the variocus planes must he
considered. The original definition of flight strips by Lieut. Col. 8.8.
Hanks definitely establishes the fiight strip in a position whereby they must
be capable of serving the largest army planes of 50,000 pound weight and over
in emergencies as well ag the smallest civilian private plane.

Future Expansion: In certain locationg it may be desirable to consider

the possibility of expanding & flight strip io improve its efficiency as.an
auxiliary or emergéncy landing field for a local airport. The economic
factor relative to future expansion must be conszidered.

fccessibility and Belation to Existing Transportation Facilitieg: Of

gpecilal importance in the selection of flight strip sites is their coordina-
tion with various forms of surface trangportation. ‘It is essential that they

have direct connecﬁions to adjacént highways.

Future BRecreational Facllity: It is anticipated that the future holds
a great expansion in aerisl tourist travel, including private planes; and
charter operations, to local and remote recreational areas. Flight strips

should be plamnned so that centers of population and recreation may benefit,

Cost of Right-of-Way: The flight strip as originally conceived is an
area of land adjacent to z highway. The acquisition and improving of this

land should be consistent with the value of the development projected.

Cost_of Construction: In the selection of a flight strip site the

various faciors incidental to comsiructicn should be carefully considered.



Physical factors such as topography, soll conditions, availability of con-
struction materials, natural drainasge and native shelter at the site may well
influence the decision in favor of this site over one not so favored, all
other factors being equal. It is estimated that the normal cost of con-
structing flight strips will average $50,000 to $100,000 apiece.

feronautlical Congiderations

Fach location with its par{icular lecal conditions pregents a different
problem when the selection'of landing site is considered. Primary considera-
tion should be given to those aeronautical factors which directly affect the
safety of aircraft oyeratidns from a flight strip. These faclors may he
summarized briefly as, an adegquate areas, freedom from surrounding obstructions,
its relation to existent airways,—prqximity to other landing fields or air-
ports, favorzble metecrological conditions, conditiong which affect vigi-
bility and zoning requirements.

Flight Strip Area: The amount of land necegsary for flight strip aress

has been established approximately by specificztions set forth in the Defense
Highway Act of 1941y An area should be not less than 300 feet in width and
not less tﬁan 3,000 feet in length and may be 800 by &§,000 feet where terrain
~will permit and'depending on the type of military airplane using the area.

The runways should be not less than 3,000 feet in length for the use of pur-
éuit sirecraeft and not less than 4,000 feet in length for the use of all other
military aireraft. Runways which do not cover the entire overall width of
t%e flight strip areas should be not less than 150 feet in width for military
:ﬁiréraft. The above 1engths are at sea level and therefore subject to correc—

Lons for elevations. The above width of 150 feet is intended for the landing

one plane at a2 time.
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Another importent factor influencing the size of airports and the
:nécessary length of the runways is the elevation of the airport above gez level.
:increased area must be provided et higher altitudes for the take-off run =and
:fhe landing run, as airplanes land and take off at higher speeds and elimb

st flatter angles as the sltltude above sea level increages. This is due to

ﬁe normal deecrease in atmospheric densiiy and the consequent decrease in the

1ifting effect of the air on the wings, and in certain types of motors, re-

-éulting in a decrease in the amount of horsepower delivered. See Table I

Preedom from Obsiructions: Pergons charged with the seleetion of an air-
‘port site should recognize immedliately that structural or nafural features
:urrounding a tract of land have a very material effect upon its usefulness
‘ag an airport and upon thé size of the landing ares required. At the time
'fhe site is being viewed, consideration must be given to the area adjacent to
ﬁé Field boundaries and particﬁlarly to the possible appfoach areas lying

Within 2 miles of the proposed site boundaries.  Unsafe natural topography

néludes mountains, high hills, knolls, ridgés and trees if they obstruct
hé.approach zones_to the runways. In most casés it iz more feasibhie and

e%s costly to select a site which ig free of obstructions than to select one
ifh obstructions which are costly or impossible to remove.

- ‘Before the final selection ﬁf any site where obstructioné,of a gerious
sture eXist,.such g3 power lines, high trees, stacks, etc., the practi-

bility of removing or reducing all obstructlons to a safe permissible height-

hould be assured.

‘Location with Regpect to Existent Alrways: When there is an established

cof air {raffic in the vicinity, preference should be given toc a site which




Asting air lanes would be readily accessible for civilian use and emer-

éy landings for all types of alrecraft.

Tocstion with Respect to Other Ianding Areag: The loeation of flight
rip areas with resgpect to Army air bases or alrports should be from 5 to
0 miles.

Meteorological Cornditiong: Troposed sites must be carefully lnvesti-

ated as to wind, fog, and smoke affecting general visibility in the vieinity.
Pfevalence ﬁf ground fog due to adjacent swamp land or bedies of water; s5d-
verse wind currents and directions as influenced by earth configuration, dif—
‘ection of wind blown industrial smoke and fumes as they affect visibility in
the vieinity of the alrport site must be considered. A study also should be
‘made of wind direction and duration at the proposed site, as the direction of
prevailing windé inflvences the layout and sligmment of the runwaye and also

the location anrd layout of the building area.

Loecation with Resvect 1o Utili§y Services: Although subsidiary to a
“number of the factors already listed, some conéiéerationjshould be given to
the distance which.electric power, teleﬁhone, gas, water, sewer 1inés, ete.,.
mugt be extended to serve therproposéd site, and zome estimate should be made
of the cosgt.

Zoning: The zoning of fiignt strip merginal areas to.prevent the erec-
tion of struetures and cbjects hazardous to flight operationsrin the neighbor—
hood and to remove and regulate existing obstructions is véry important.

Airport zoning is today accomplished by varying_city, couﬁty, and
state ordinances and statutes. The existing ordinances and statutes should

-

be made to apply to flight strips.




Physical Factors

The major physical factors to be considered in the selection of any
flight strip si£e are topography, soil conditions, availability of loeal
materials, natural drainaéé and natural shelter ag related to camouflage
operatioﬁs.

Topography s The,configuration 6f the terrain on the adjacent to any pro-
posed site shoﬁld have careful conslderation. Firgt, comes the securing of
sufficient usable érea within the limits of the land to be purchased. Since
the cost of grading, draining, surfacing, etec. may be materially affected by
the fopography of the 1and under cochegideration, the area should lend itself
readily to development at reasonable cost.

The selection of a suitable site requires a balance between two opposing
factors.  The first is the necessity for obtaining a plot of ground whic£ de~
parts sufficiently from the dead level condition to provide adequate natural
drainage, and the second is the necsessity fpr obtaining a site which will not
require heavy grading, yet will not éontain slopes so steep that serious eros-
ion may result.

Sites which lie‘in river valley land should be.thoroughly invéstigated
to determine the freguency and extent to which the sgite is gubject to valley
fioods.

Sites of a natural bowl formation having low centers and felatively high
borders and sites which are located on knolls and which lend themselves readilﬁv
to grading in such a way that they will slope gently in several directions,
or those which are on one or more planes so tipped as té.drain freely to the
sides or to internal valleys, offer espeéial advantéges'in that the terrain

may be economically graded toc permlt the surface water to flow readily to

v




points of collection in the storm water systems. Obviously any water that

is removed quickly from the surface wiil not have the opportunity to soften

the ground on its passage to the dralns. A site Whose topography will

accomplish the rapid removal of surface water, will reduce greatly and, in
 scme cases, eliminate the necessgity of sub-surface drainage.

In some sections of the United States the local - topography is rough,

rugged and broken, and the constructlon of an gll-wsy field would involve the
- excavation and moving of such excessive quantities of esrthwork that the con-
struction of thils type of field would be econcmically unsound. In these

sections, the landing strip type of field is more feasible, provided that

adequate width and length is secured.

501l Characteristicg: An item which coften receives toco little consid-

eration in selecting a site ig the matter of Soil characterigtics., With this
point in view, it is of'ten possible to feducé materially the expenditure
necessary for draining and surfacing. Thg most desirable types of soil for
airpert purposes are thosé containing o reasohable amount. of porous material
such as gravel, saqg, or decomposed granite, combined of course, Wifh a suit-
able nstural bindef. The undesirable types are the soils which become plastic
and have a low-bearing power when wet.

It is esgential that the flight stirip be usable throughout the wet
seasons of the year. If the soll on the site selected for the projecf does -
not possess sufficient self-draining charactéristics_to insure the safety of
all-weather operation, artificial drainage and surfaced runways will be neces-

sary to meet this requirement.

A so0il survey is necessary to asgertain the performance characterisﬁics

of the soil at any specific site, The lsck of proper regard for the importance

[
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of so0il investigations and water table determinations may result in the
gselection of sites which will be very costly to develop.

Availability of Construcilon Materialsg: An item often overlooked in

the gelection of an airport site is the availability of construction material
on or near the site. While it is true that the consideration is not basically
a determining factor, ngvertheless the facﬁ that.good gravel, sand or stonse
deposlis are available at the site may well influence the decision in favor

of this site over one not so favered, if thg aercnautical features of the

two are comparable.

A good grevel depcsit, a potentlal rock quarry, or an zcceptable grade
of sand on the sirporit properiy is of great value gince the material in ques-—
tion can be obtained at little cost and the haul is short. When sub-soil
investigations are being made, it is of decided benefit to make a record
qf 211 borings and locate the extent of deppsits’of acceptable construction
material, particularly if this material is located in arens which may not be

needed for aeronautical use.

Natural Shelter and Camouflage: Camouflage principles should be con~
gidered in the seléction of gites for flight strips. Such principles in-
clude the use of natural features and availahle plant material. It has
been learned from England's experiences thet to cameuflage the fielde is one
of the most imporitant develonments in connection with landing areas.

Military Considerations

It is recognized by military suthorities that flight strips are of
vital importance to national defenge. Therefore, flight strips shovld be
designed to accommedate all types of military aircraft. They may be used for

emergency stops or points for movement of air corps from. east to the west or




frém north to scuth. Their proximity fo alreraft industries may serfe 28 a
possible storage area for_planes.' Their loeation with respect to criticsl
manufacturing areas should be considered for purposes of dispensing alrcraft
and operation for better protection against attack.

They should be accessible to loeal roads for bringing in gasoline
supplies, olls and equipment, and for use as bivouac area for movement of troops,
army tanks or mechanized forces.

Civilian Consideration ’ 1

It is generally understocd that fiighf strips would supplement air-
poris by making available.great numbers of emall and conveniently located
landing areas for the furtherance and convenience of aireraft. Therefore,
in the seiection of gites for fliéht strips consideration should be given to
gsuch factors that affect their utilization by private and coﬁmercial planeg

for emergency landing field and for private plane operatidn.

- 13 -




PART TI1

SURVEYS

The initial steps in the construction of flight strlps is the execution
of complete topographical and soll surveys.

Topographle Surveys

The topographic surve?s are made in a manner convenient to the partic-
ular leoeation, and in accordance with standard methods. The topography in-
cludes the shape of the ground and the accur;te location of all c¢bjects
that occur within the limits of the survey that will be of ilmportance in the
design of the flight strip.

The limits of the survey. should include at least a mile from elther
end of the proposed runway and at least 1/2 mile on either sidé. The sur-
vey of such-ah area is necegsary in ordér that comblete information is
obtained which might materislly affect future de%elopment and operations of
the flight strip. '

The survey should include special attention to natufal features,
vegetation, tree gfgwth plantings, crops and other items which might
ald in camouflaging the area if the necessity arices.

"?he size and characteristics of the topographic map drawn from fhe
survey notes will no doubt be a matter of individual judgement.‘ A map scale
of 200 feet to the inch with 1 foot contour intervals is recommended by the
State Depariment of Aeronsuties. They also recémmend that the soil profile
and sgoil clasgsification be illustrated on the map as wéil as the location of

the flight strip with respect to present airways and 1loeal airporis. A

typienl map for a proposed airport layoul will-be found in the appendix.

- 12 -




The contours and the laycut of the runway along with the elevation of
the final surface, afford necessary datas for general drainage system design.

Investization of Soll Conditions

2 2

An investigation of so0il conditions ig an important part of the planning
and the de%eloﬁment of a flight strip site. The character of the goil profile,
including such factors as ground water level snd drainebility, subgrade
suppbrt for runways wunder ail weather conditions, sultability of'the s01il for
runwey stabilization, and availabllity of coﬁstruction ma£erialsrwi11 be a
dominant factor‘ﬁoﬁ,énlyjin the first cost but also in the adequacy and per-
manence of the imﬁrovgmgnt.

A soll survey Shoﬁld_be‘made on each £light strip site to obtain infor-
mation as to local soil conditions. This soil survey should be made similar
to the standard pfacfiqe for highwey consiruction. Although identification
of soil types generslly maylbe made by visual inspecticn,lihe field éurveys
should also be used to cqllect gamples for the laboratory tests subsequently
required for specific design problems..

Other purposes;pf the scll survey 1s to obtain lrformation concerning
the pogiticn of the water itsble, the presence of undesirabie goil materials,
character of material in cut areaé, the location of suitable aggregate
materisl for construction'purpﬁseé and the availability of sstisfactory
borrow material if needed. |

In some instances it may be advisable to examine the sub base soils

for load hearing value and volume changes.

- 13 -




PART IV

DESIGN OF FLIGHT STRIPS

The best siltes for flight strips are those that depart sufficienfly
from the dead level to grovide adeguaie drainage without being too steep
torreSuIt in efosion and thoge gites where‘rﬁﬁways'of adequate length
end width ean be obtazined without excessivs grading. Sites of natural
bowl formation, or those which are located on knolls where the land slopes
gently in several directions, cffers special ;dvantages both for runway
construction and for drainage.

The orientation of runways dépends hpon local conditions such ag,
variation in'intensity and direétion of prevailing winds, the height and
pogition of existing %ﬁggproposed buildings and other obstruétions in the
neighbgrhood of the flight strip. | |

The landing area is the foundation.of the eﬂtire slrport structure and
its conditibning.and development for all weather use are of prime importance.
In genersl, the flight strip should provide é smooth, well drained landing
ares sufficiently fiim to permit the éafe operation of aircfaft under all
érdinary weather conditions, and should be approximately level and free

from obstructiens or depressicng presenting hazards to aireraft cperation.

The design of flight strips include such factors as dimensional layout,

earthwork operations, drainege features, selection of proper sutrface and
+he consideration of certain cemouflage principles for certain locabtions.

These various factors will be discussed in the order menticned.

Dimensional Layout

The Govermment'e specification for flight strips for military purposes



ie presented as follows:

Over ail gize. - An area not less than 2300 feet in width and not less

then.3,000 feet in length {the ares may be 800 by 8,000 feet, where the
terrain will permit and depending on th; iype of miiitary airplene uwging
the ares), with clear approaches by alr that will permit of the actual use
of the full léngth of the runway.

Note: -The term"rumway" should not be incorrectly used for a "flight
strip" because a landing area fdr_aircraft ig more than jusi the ground space
required fof the runway, aprbn and other facilities, if any. Runwsys which
do not cover the eﬁtire over—all width of the fligﬁt gtrip areas should be

'not less than 150 feet in width for military use. The runways should be pot
less than- 3,000 feet in length for the use of pursuit sircraft snd not less
than 4,000 feet in length for the use of ali other military sireraft. The
above lengthe are at sea level and, therefore, subject to corrections for
elevation. ‘The aboﬁe width of 150 feet is intended for the landing of cne

alrplene at & time.

Tolerances below standard. -- For military airplanes: 300 feet
(ninipum width), 3,000 feet (minimum length).

Dimension of Approaches

To lending area, -- The approach ares ghould provide an angle of approach

from the boundéry lines of the surface of the runway on the flight strips and
extending 1n & cone-shaped space from the center of the runway. This ap-
proach area should be protected from encroachment by high buildings or

other cbhstructlcns, by adeguate zoning of future sgtruectures surrounding the
flight strips. |

Stendsrd desirable. -— Thirty feet herizontal to one foot vertical

- 15 -



for military eirplsnes.
Iplerances; -~ Twenty feet horizontal to one foot vertical {minimum)
for military airplanes.

Description of Desirable Characteristics of Terrain

The terrain may be uneven if not used by the airplene but the
runway which is on a part of the flight strip must be smooth with not
over a 1 percent grade for the entire area for use. The surface for

the runwey, whether paved or sod, should have sdequate bearing character-

igties. The treatment of the goil may be some form of gtabilization such zas

the use of heavy'grass turf with or without soil stabilization. {Permanent
bﬁildings will not be erected on the flight strip areas.)

Tolerances. — One percent grade for military use.

Location with reference to Army air bases should be from 5 to
50 miilses.

Loadings ?robable (meximum) fcr militery airplane?:

(a) Cne wheel, A0 tons. . |

{b) CGross, éentire airplane, €0 tons.

(¢) Axie (2 front ﬁheels), 80 tons.

(d) Maximum tire 108° square inches.

(e} Distance éenter to center tires, 30 feet.
Speeds

Landing. —— From 25 to G0 miies per hour (air speed).

Take-of £, —— From 35 to 100 miles per hour (ground speed).

Prevailing Windg. -—— The runway should be in direction of prevailing
wind, when possible, Ucmmunication lines or utility poles on the highway

right-cf-way, at the end of a runway; should be placed underground. (ther
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communication lines or utility poles should be placed on the highway right-
of-way farthest from the flight strip srea.

At present (1940) the C.A.A. recommends that there should be sufficlent
runways to permit landings and take-offs within 22-1/2° of true wind
direction zbove 5 m.p.h. for 75% of-time Class I airports, 80% of time for
Class II and 909 of time for Class III and IV. (

Earth Work |

| Earthwork operaiions as covered in the following discussion will in-
clude the grading of flight strips with particular attention {o fill sections
and the stablization of earth slopes. |

Grading; In view of the fact that one of the few pesrmanent features
invelved in the construction of a2 flight strip is the grading, it ig of vital
importance.that a completeﬂgra&ing plan of the entire area ultimately to be
ineluded in the project be prepared which will take into consideration the con-
templated finished grades. For this reason, the grading plan deserves careful
attention. Drainage, surfacing, and landing-area flood lighting are all
affected by the grades establishednfpr ihe landing area. Furthermore, in the
event that the grading is executed in accordance with an unsuitable plan and
additional grading must be done later, heavy costs of reconstruction of both
drainage and surfacing are likely to occur hefore a satisfactory landlng
field is obtained.

Cne of the prime factors to be considered in preparing the grading
plan iz the maximum gradisnt ﬁermissible from an aercnautical standpoint.
Excessive grades particularly make night landings more difficult. Longi-
tudinal-and transverse landing area and runway grades of not over 1-1/2%

are preferable. Obviocusly it is not always feasible to adhere lo this figure
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as a maximum, since wide topograpnical fariafions on a site often involve
excessive guantities of earth moving. From the standpoint of aircraft oper-
ations aloné, field grades should be held under 1-1/2% if possible.

In the consideration of idéal grades for a landing area, various factors,
including the character of the soil must be given attention. If the scil is
& very pervious sand or gravel, permitting the rapid absorption of rainfall,

g perfectly level érade maylprove the more desirable. If the soil is such

58 to necessitate the collection and removal of surface water, grades should
be adjusted in so far as is feasible to pro;ide for guick run-eoff, but not so
steep as to coause erosion. There is a fine balance between these two ex-
iremes which varies with the type of soll occurring in each instance. A
grade of about 1 percent wunder average conditions will be found to satisfy
these reguirements.

The principal conbrolling factors in the establishﬁent of the grades are
topography, soil, and climatic conditions. Eacﬁ particular case should be
designed to the conditiions that prevail.

The layout of the runway has a very important bearing on the grades to
he established fofkfhe landing area and should be definitely decided upon be-
fore establishing the grades.

Pills

The great veriation in the nature of the sites to be celected for flight
strips will pro@uce a wide range in the cheracter of the grading operations
and the type of fills cénstructéd. In some instances, fills, because of their
depth, character of waterial, and method of placing, may be subject to a
large amount of gettlement, with dlsastrous effects tc the drainage system
and runways. Thé method of placing and ccempaciing ihe material, therefore,

sheould be given careful consideration. Weans should be adopted to insure sult-

able compaction wherever it is feasible and economical to do go, and in those

cages where gsuch & procedure may be found practicable the drazinsge
- 18 -



and surfacing program should be modified to allow for this condition. This,
in some instences, would cause the construction of a system of hard surfaced
runways to be deferred indefinitely. Under such cireumstences, rumways of
some low-cost material might be adopted for temporary use and later utilized
as a subbase for additional‘surfa;e paving.

Under "ordinary conditions, the placing of £ills in thin layers and rolling
will give satisfactory results. An improvement over this method consists of
the sddition of a sulteble amount of water hefore and during rolling 5pera—
tiong, depending upon the character of the material. The use of tractors and
hauling equipment with track type treads and of sheep's-foot tamping rollers
- may prove advisable. |

Fills made from material pumped from the bottomg of adjacent rivers or
other bodles of waler present quite a different problem. Before deciding upon
such a‘method, the character of the materlal availiable shoﬁid receive careful
atudy to determine its suitability. Some hydraulic fiils méy require a
very long period of time to.attain sufficient firmness to serve as a safe
landing-area. In some cases, only part of the available material may be en-
tirely suitable for the upper part of the £ill. Should this be the-cése: the
better material may be placed in the upper part of the £fill in order tc obtzin
a firm surface.

.All £ills should he properly compacted in-accordance with the standard
recognized practices after analyzing local soil conditicns. In general,
tamp or sheepts~-foot roliiﬁg is reccmmended. Particular care must be used in
securing compaction dround culverts, man~holeg, and similar structufes not
only to avold fulure settlement buf to provide proper bearing pressures for

the structures. Occasionally it is desirable to compact cut sections, but
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here egain locazl conditions govern. All sizeable boulders, portions of

broken stone or concrete, and similar material used in heavy fills should be
covered at least eight inches, and care should be used in placing such materisl
s0 that it is not on ﬁhe alignment of future drainage, sewer, or cable
excavations or trenches. The use of trash or vegetaticn in fills should not

be permittéd.

Wnile it is highly desirable, both from an aeronautical and a mainten-
ance point of view, ic obtain relatively Clat: empankment slde glopes al the
edges and ends of landing strips or field areass, =z definite requirement
may not be feasible so long as the full 500! widih and the necessary length
Oflthg gtrip are provided, plus a reasonable shoulder width to insure proper
marker and fleod and boundary light protection. It is ré?ommended, in in-
stances of‘relatiVely'high £illg, that a ten-foot shoulder, ample for a ser-
vice road, be provided outside the established strip boundary.

Stability of earth slopes 1s affected by molsture content, and therefore
proper drainsge mey be & more satisfactory substitute for flatter slopes.

Normal repose slopes, meniloned here for fill sections only, are:

Sand, clean 1.5 1o 1 7 Gravel, sand and cléy 1.33 to 1
Sand and clay 1.33 £o 1 Soil, 6.8. average 1.33 10 1
Clay, damp, plaétic 2 to 1 ' Soft rotten rock | 1.33 to 1
Gravel, clean 1.33 to 1 Hard rotien rock 1tel

A1l £i3]1 slopes shall be émply protected againgt surface water esrosion
by £erms or gutters along the top of the slope to intercept surface water and
prevent it from spilling down the slope. Surface water may be disposed of by
properly constructed rubble or conerete spill-ways or by other suitable means

of conducting the water to a subsurface drainage system.
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The use of,proﬁerly designed cribbing and retaining walls in f£il11
slopes 1s permitied when site topography demands that every possible foot of
available ares be developed. Rip-rapping, sodding, sprigging, and lsndscaping
of both fill and cut slopes are commendable in the interests of erosion con-
trol and appearance.

Excavalion backslopes should be asg flat as possible for the following
reasons: -

1. To reduce hazards to alrcrafiy where deep cuts exist along landing
gtrips.

2. To permit, during daylight, a full view of other strips or landable
area by pillots maneuvering on or near the ground.

3. To assist in the contrel of erosion

4. To luprove sppearances.

5, To streamline (in snow states), by producing windswept areas to
preventasnow drifte and subsequent drainage problems during thaws.

The repose slopes in cut sections are dependent upon the actual depth
aof the excavation gj the boundary of the landable area and the elevation Df
the ground ai assuﬁed slope stake ﬁoints beyond. MNormelly, when excavations
exceed two feet at the boﬁndary edge, the backslope should be establisghed at
not less than 5 to 1 unless adjacent terrzin is such that extreme excavation
cogts result.

In conclusion, it 1s recommended that grading plans, wherever possible,

be designed to carry surface water away from paved areas or building sites.

A few hundred dollars expended in exira grading often saves thousands of

doliars in drainage and paving installation and ‘maintenance.
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Drainage

It is difficult to summarize drainage design infermetion in 2
few pages. Atrbest, it will be possible to give only a limited amount of
bagic information.

It is believed that, as a basis for the design of drainage strnctures,
sounder conclusiéns regarding the probable intensity end frequency of rain-
fall in a given area can be drawn from a study of observations, covering a 25
to 50 year period, at a number of stations, than from a study of chservations
at a single sté%ion for a éimilar period.

Precipitation datas For mosi sectiong of the country use of the iten-~

year, one-hour maximum rainfall curves represent conservative drainage design
practiceiand is therefore recommended. While many large cities design
drainage for goli coursés and playgrounds on a basle of a five-year maximum,
for more importent areas where unlnterrupted use is important, the ten-year
maximun is Widely uged for current practice. Main trunk line sewers are
frequently designed on a basis of 20 to 30-year maximam. The adoption of
the ten-year perioddin alrport drainage deslgn appesrs to insure the safety
of normal operatioﬁs and to afford the best compromise between accomplishing
the immediate removai of all water and prdper consideration of cost factors.

The seascn of occurrence of the precipitation is ancther important
factor which must be considered. In northern latitudes, consgiderable precipi-
tation may accumilate on the ground as snow, and a large portion of this may
suddenly be carried into the drainage Systeﬁ as the regult of warm rains or
high temperatures.

In the east central szecticn of the country, as defined by the Chio

Valley Region, the precipitation is ordinarily quite uniformiy distributed
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throﬁghout the year, amounting to about 3" to A" per month. Ocessionally,
hoﬁever, a large portion of the precipitation falls through the winter as
gnow. When this occurs, it is quite possible that the run-off frém melt-
ing snow may materially exceed the maximum from rainfalil. In regions of
heavy sncowfall, the design studies must include the combined effort of heavy
rainfall'aﬁd melting snow on frozen ground.

Over the plains area of the northwest, therwinter precipitation is
rélatively lipht, sveraging only abcout 1V pef month; but temperaturss are
lowér so thai considerable snow may accunulate. lIn this region, the probas
bilitieg of high surface flow or run-off are less than for other sectlons,
however, because the temperature rises rapidly in the spring causing the -
melting and removal of the moderate snowfgll before heavy gpring rains begin.
Moreover, the ground in the northwest usually freezes while in a compafatively
dry state; hence conditions are favorable for coﬁsiderablé percolation during
the following spring. In the southwest, very little snow accumulates but
summer preciplitation is more concéntrated, resulting in high run-off from
excessive precipitation over restriéte& areas.

Bun-off: From the standpoint of drainage as employed under conditions
typical of airport consiruction, that.portion of the precipitation which per-
colates in£o the ground as the result of the permeability of the soil is of
primary importance. FEvaporation and transpiration logses may be ignored in
the computation of surface ruﬁ~off from an area as restricled in size as the
average alrport wilthout seriously affecting design. The peak loadsg which
the drainage system will have to handle will occur during snd directly after

periods of heavy precipitation, at which time the factor of evaporation and
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transpiration will be.almost negligible. In a like manner, the percola-

tion rate for any given scil will be greatly affegted by the intensity of pre-
cipitation, ag heavy rainfall is conducive to rapid run-off ilrrespective of
the type soil on which it falls.

| The most important factors to be considered in the design of a surface
drainage system are the relative permeability of the various surfaces to’

be drained, the gradient over which the surface water must flow, and the rate
of flow over thegse surfaces. The percolation through and the permeability of
the paved runway surfaces, taxi-strips and aprong can be considered negiigible,
and‘fof heavy rainfsll the evaporation loss incongecuentizl. Some water

is, of course, retained on the surface itself in depressions and other irregu-
tarities. Suchldeductions ére purely a matter of judgmenit. For general
practice, run-off from sueh surfaces can be considered 85% to 100% of the
total rainfall. Soéded areas 10% to 25%. fThe maximum diécharge from a sub-
drainage system usually oceurs 4 to 6 hours affer a heavy rain of short

. duration.

For airport sub-drainage, subsurface runoff factors have been determined
by experiment .as équivalent to a certain depth of water to be drained away
during a period of 24 hours. Normally thié will be about 5/16" to 3/8" of
water.

For normally shaped and graded landing strip areas, modified by the
appropriate faciors derendent upon coverage of vegefation and permeability
of the soll, the percolation loss is the only deduection of consequence to
be made in computing surface run-off, especlally for rain storms of consider-
able intensity. Inusuch areés, computation of percolation less is necessary,

although extremely ciose determinations are not possible from exigting data.
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Errorg invelved 1n such estimates are not particularly serious as far as
sgfface drainage is concerned and would only result in surface ponding

until the surface dralnage system relived itself. Such a condition would not
be especially critlical unless the landing strip area sloped toward the paved
runway and ponding water stood long enough to seriocusly soften the paving
base and subgrade or interfered wilth the usé of the area by aireraft. Con+t
struction which will result in conducting surface and subsurface watér to-
ward paved runways should be svoided, and where possible surface rup-off
should be directed away from the paved areas.

Cheracter of goil: One of the most important considerations governing

the lccation and selection of an ailrport site is the nature and composition
of the soll and subsoll upon which it 1s to be built. For the economicsl
development of the area for aviation purposes and especially for the life and
dursbility of paved runways, taxi—striﬁs and aprons, detailed knowledge of
existing soll conditions, and eséecially ite behavior in contect with water;
is vitally lmportant. Among the tests used tc determine soll characteristles
and behavior, the détermiﬁation of the co-efficient of permeability is es-
pecially important.

A positive measure of the permeabilitﬁ of the soil offers the only ra-
ticnal method for the solutiop of drainage problems which, in the final ana-
1ysis depend entirely upon. sccurate knowledge of soll drainability. This
method of_approach makes 1t possible to determine definitély the direct
drain line spacing and discharge capacity to provide for the estimated flow
in the system without unnecessary expendiﬁures.

The soil texture, consigtency and composition which may be measured

by tests, intimately affeet percolation and permeability and, in turn, the
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drainage problem. The completed soil investigation with. interpretation of
results should be available to the designer of the drainage system asg it isg
the only adequate and reliable source of information of the most important factors
in drainage design. Particular significance should be attached to the location
of any impervious, or relatively impervious strata undérlying the surface
soll. The locatidn of such impervious layers will have an important bearing
upen the height of the water fable, capillary.rise and will influence the
selectlon of drainage methods. .

Natural drainsge is one of the items of major importasnce in the
-gelection of a flight strip.

. Favorable conditions are manifest chiefly by the existance of a deep
water table and by ﬁermeable and non-errosive soil. With such favorable natural
conditions, thé minimum amount of artifiecial means for the removal and
disposal of éurface run-off from the paved areas of runwéys, taxi-strips
end . aprons.

Sinee it freqﬁently involves more valuable property, a site providing
natural drainage may often require a greater initial investient thaﬁ a
poorly drained area, however, investigations should be cérried conglderably
fartﬁer than a study of first cosgt in comparing sites to be selected for air-
port purposes. Even though another site being considered may be drained by
artificisl means at reasonable'qost, the naturally drained site is, in most
cases, preferable. Artificial drainage‘systems, however well desipned and
constructed, will usually regquire continued expense for maihténance through
periodic inspedtion and cleanup.

The gelectlion of a naturally drained ares will relieve the project of

a large expense for storm-water drainage systems and the consequent handieap
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of non—uniform. cperating conditions. Therefore, such & site is advisable,

if it can be found to satisfy other considerations. Information available
indicates the cost of drainage at sone alirports has been in excess of
$400,000 and sometimes as high as $300 or $400 per acre, and it is obvious
that too much emphasis can not be placed on the drainage guesiion at the time

of site selection.

Drainage requirements: A determination of artificial drainage re-

quirements calls for a consideration of the following factors individually
and also of thelr occurence in various combinations:

(1) Character and arrangemeﬁt of soil layers compromising
the soll profile.

(2) 8Slope of surface.

(3) Soil moisture - capillary, gravitational (inciuding
elevation of water table). :

(4) BAmount, freguency, intensity, duratien, and season of
cecurence of heaviest rainfail.

(5) Temperatures.

The soil ef some éirports is éf such a nature that the installation of
subdraing or surfaé; intercepting‘drains is of 1little or no valuwe. If the
soil is an impermeable clay, and oﬁe that will not become ‘eroded if suit-
able slopes are used, and if there is no groundwater problem, drains help
but little. Tﬁis kind of soil would no doubt becoime soft and sticky on the
sﬁrface during wet weather, and while a correction of this condition could
not be accomplished by a form of drainsge, the use of some granular material
might prove effective in stabilizing it.

The types of soll profiles which determine, to a large extent,

drainage requirements are:
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(L) Uniform and pervious.

(2) Uniform end impervious.

{3) Pérvious above; impervious below.
(4) Impervious above; pervious below.

(5} Irreéularly stratified layers of pervious and impervious.

The first type would probably noi require any kind of artificial
drainage.

The second type would probably not indicate the need for subdrains be-

cause the lack ,of permeability of the soil might make their use iheffective.

The third type requires subdraing placed: just above the impervious
gstratajunless thls strata is below the elevatlon where the pilpe would be
placed 1f the impervious.strata did not exist.

The fourth type Trenches, without pips, cut through the impervious

layer and filled with porous material would be adequate.

The £ifth type would require drains tapping the walter pockets.

The deslrable conditlions of surface slope and the influence of slope
on drainage fequirgments have been discussed in the chapter on grading.

The necessity‘fgr removing ground water depgnds upon the elevation of
the water table and the cﬁaracter of the soll., Stabilization of the soil
may in some instances be accomplished by lowering the ground water elevation
through subsurface drainage.

The rate of rainfall, the time during which this rate is continued,
the size of the ares, and.the proportion oflrainfall that reaches a given point
within = given period of time are the princlpal faciors that centrel the smount
of water reaching a certaln drain.  The proportion of the réinfall that

reaches a given poimt within a given period of time depends upon the nature
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of the surface, the grade of the surface, and the shape and size of the
drainage area.

In some instances the need for a complete drainage system may be great
only during a short period. If the airport is situated in = section where
deep freezing is certaln to cecur, the drainage system must be carefully
designed‘if it is to be effective during the period at which it is mogt
needed. A difficult condition is created when the ground is frozen to a depth
equal to or grester than the depth of the drain pipes, followed by a thaw
and rain. |

Soils and subsolls on sites requiring drainage, even though improved,
arelstill usually inferior in load beariné and stability characteristics when
compared with those on a naturally drained site and their presence is in-
directly reflected in higher maintenance cost for all improved areas.

Adequate drainage is esgential to the proper maintenance of paved
TUNWAYE . Experiehce histery showg that more runway raving failures éccur
from unstable sub-soll conditions caused by lack of proper drainsge than for
any other reasom.

The presentation here if detailed information for designing artificial
surface and sub-surface drainage is impracticable because of the spaée re—
guired. Technical design information on drainage is available from the many
drainage engineers! handbocks published on the subjeét. Other sources are
A.3.T.M. standards and drainage pipe menufacturers ! associations. However it
may be desirable to present important drainage design informatlion which
had bzen recommended by various writers on the subject.

Special Design Information

Among the specidl drainage problems of sirports and flight. strips
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are: the size of the £9tal area to Be drained, the size of the non-per-
meable areas-(funways and aprons) which must be drained, the speed with
which drainage must be azeccomplished, the compressive loads which must be
transmitted to drainage structures by the welght of plape wheels, and the
added burden on existing municipal and state dfainage systems, by the sudden
run-off of water from airport landing areas.

Aldoﬁs a&vbcates the use 1 to 1-1/2% transverse or crown to the run-
woys. Make all areas slope away from the rurway. Every effort should
bé made to control surface flow to adequately designed collecting and
ponding basins. Subsurface drainage in impervious clay soil is ndt effective.
A provision of subdraing for the purpose of 1owefing the water table is also

good engineering practice, although a better solution might be a better lo-

cation of the sirport.
- Be cautious in placing French dréins in silty soils‘as scon they be-
come inoperativs.
UGse the "Rational Method" of computing the smount of water to be
handled by the Eomgqhemt parts of the.storm sewer system.
Rationgl Methed Q = C.I.A. in which
G = runoff in cu. fi. per sec.

rate-of rainfall in inches per hour.

1l

T

C = runoff coefficient, stating the proportion of rainfall (I) that
appears ag runoff depending on type of drainage area.

drainage ares in acres.

.
It

Values of O lie between .85 and .90. The determination of value C
depends more or less on personal judgement.

The critical periods in s drainége”system are cloud-bursts and the
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gpring thawg, When there has been a heavy snow-fall and a thaw occurs

the shallow surface and sub-surface drains are frozen and a congestion occurs.
If a double system of drains is used with one at a secondary level which
increases the amount of absorption of the ground and provides a drainage
system below the frost line which createé a dry subsoil the congestion will
be relieved.

Subdrains: Latersls for subdrains should be placed no farther apart
than 25 feet with a porous back-fill which Is designed to accomplish two
purposes:

l. Quick dréinage of all surface water and,

2. To intercept and lower the water table in order to reduce and

control capillary watler

See table II for denth and spacing of subdrains

Frénch Drains: BRunoff from umpaved aress is colleected by French drains
‘with perforated galvanized pipe from 8" to 21"-di§meter.
- Inlets: Gutter inlets spaced 150" spart on runways, aprons and taxi-
strips. Most'inte;esting feature in the latier is the sirip of 10 oz.
burlap, éeparating the - top &" layer‘of gravel from the stone below.

Drainage Coefficients: Airport drainage coefficients prepared by

the Armeco Leo. are presented in table III.
Surfacing

The declsion as to the type of pavement fo be employed must be
determined from a consideratlon of local factors which include (1) sub-
grade condition, (2) load reQuirements,‘(3) degree of permanency required,
(4)-availability of materials and equlpment, (5) current and anticipated
traffic (6) meteorological factors gf average maximum temperature and pré—

cipitation,
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(7} funds svailsble, and (8) local engineering practices.

The same essentlal engineering problems encountered in highway paving

are encountered in the paving of flight strip runwsys. Certain special char-

acteristics are required 1n the finished paved runways to satisfy aeronautical

congiderationg, and only certsin of the standard types of highway paving

offer these characteristice. Of principal importance is a dense, well bonded

surfaece course to prevent permeastion of surface water and subsequent de-
terioration of the grade. It should be mentloned here thaet no specisl type
of pavément, having exceptional gqualities not found in the usual highwey types,

had been developed for runways, those deslgned and consiructed in accordance

with the éccepted standard praciices used in highway construction, snd which
provide the necessary speclal characteristics required for aircraft opera-
tions, will be found %o be adaptable.

| The design of standard highway paving takes into considération the
number of vehicles per day, or the frequency to which the paving is subjected

to leads as well as the meximum load at any one time. The repetition of the

lead upon a runway Ais much less frequent than upon even a secondary highway,

and the factor of fatigue is negligible in runwsy design. Therefore, the

paving tyves whieh reguire the kneeding and compaction of traffic to maint&in

their dengiiy and life are obviously pol so sultable for runways. To
compensate for the absence of the compaction furnished by freguent traffic,
éofter agphalts and somewhat richer mixtures, combined wlth dense aggregates,

are necessary to insure the density of the pavement and provide characteristics

which resist the deteriorating effects of weather and climate. In this regard
a tight, well bonded and sealed surface is of essentizl importance.

The-color-and light reflecting qualltles of the runway are important
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considerationé in the design to furnish the greatest amounf of vigibility for
night landings and take-offs. Surfaée textures-of & light color and those
which have a high reflecting character sre preferable.

In runway construction, the importance of high subgrade values 1s
apparent, gnd the first essentizl step is grading and adeguate drainage.
Regardless of suffaéedtype, drainage should be as nearly perfect ss possible
end, if there is any question as 'to division of funds, it slways should be
resolved in favor 6f a dry subgrade. It i1s much better to have a completely
drained runway, wlith an olled gravel surface course, than the highest type
pavement with.poor drainage. In the latter case it is only a gusstion of
time before subgréde resistance will be lowered from entry of water, and rapid
surface deterloration will océur; while in the first instance, the well
drained earth grade affords a sound foundatién.upon which incressed surface
thickness may be added as warranted by increseging traffic.

Exgerience in England has tought thet bard surfecing is almost ne-
cessary for take-offs, particulerly for heavy gas and bomb loads. In

‘the air COrDS expegience indicates a hard surface is necegsary ic obltaln
fullest advantage éf the best equipmenfa

Rough non-skid wearing surfaces are fte be avolded because of the ex-
cesgive tire wear they'imposé'on landing alreraft. TFor concrete gur-

faces, thcse approaching s smooth troweled finish are most desirable.

Looge partliecles of stone, aggregate, gravel, etc., on runway surfaces
drawn into the propeliler disc during motor run-up or during the initial
stageé of the tske off, have contributed to the failure of metal propeller
tips. Propeller tip failures have caused a number of aireraft accidents as

the effect of unbalsnce is of'ten &5 severe ag a shank or hub failure and
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may result in either throwing the engine or causing a foreed lsnding be-—
caﬁse of excéssive vibration. Even with perfect maintenance and servicing,
a pllol cHdnrnot be sure that his propeller will remsin in geood condition
during the motor run-up and take coff when loose aggregate particles present
on the runwey surfaces may be drawn into the propellers.

This condition can be avoided by propefly designing the surfaces in
the case of new funways and be adequaté and‘proper maintenance on exlgting
runway surfaceg. !

A1l runways should have a suitsble run-up section Af gtrip at the
end: of each runway which is kept clear Sf loose gr%vel, cinders or other
loose particles at sl1l times. Paved surfaces on runwseys, taxi-strips,
apronsg and runway turn arcunds should be selected from the well bonded, dense
aggregate types.

Types of hard surfacing for runways which have been used successfully

follow:
i. Sand clsy 6. Macadam
2. UGravel 7. Sand asphalt
3. COyster ghell 8. Limerock
4+ Bituminous soil stabilization 9. Concrete
5. Cement sgoil stabiiization 10. Asphaltic concrete

11. Bituminocus surface treatments,
and cthers.

Firm turf surfabes méy be used for eirports with iight and liﬁited traf-
fic in regions where soil and climetic conditions are favorable to.mainm
tenance of such surfaces.

Soil-cement is not‘recommended by the P.C.A. for heavy duty runways and
aprons, but it offers a satisfactory surface for suxiliary and secondary
runways and airports where first cost must be low.

Turf: In sections of the country where soil and climatic conditions
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permit the growth and maintenance of firm turf surfaces, it may be possible
for airporte with light and limited traffic to maintain continous operatlen
throﬁghout all seasons of the year.,

- There is nc one grasg, or mixture of grasses, that can be expected
to produce satisfactory turf on the landing areas of alrports ir all parts of
the United Staztes. In the northern haif of the country, it has been learned
that a mixture composed of 80 percent Kentucky blue grass and 20 percent
redtop will answer faifly well for most purposes. KIn the Noftheast, however,
the proportion of redtop can be increased to good advantage, and on some of
the aeid soils such as are encountered in the New Englsnd States, a mixture
of ‘bentgrass and redtop should glve good resulté.

In the blue grass regions of Kentucky, and adjoining States, there is
probably nothing that will form a tougher turf than Kentucky blue grass.

In the humid northern part of the United States,_some timothy eould
perhaps be added to the mixture to advantage. For the Southern States, there
is pothing that is more generally adapted than Bermuda grass. For guickest
results the Bermudafgrass ghould be sown at the rate of 25 4o 30 pounds per
acre,rand the mixture of Kentucky blue grass and redtop at the rate éf about
100 tc 150 pounds per acre. Good stands can be obtéined with much less sgeed,

bul more time is required.

On the low, molst lands in the extreme Southeast, carpet grass ordinarily

gives better results than Bermuda grass. In the srid and semiarid sections
of the United States there are very few grasses that will grow without irri-
gation.

"In the northern part of the (reat Plains region, where the rainfall is
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not too limited, brome grass or crested wheal grass will doubtless serve the
purpose 25 well as anything that is available.

Under irrigsticn, a Kentucky blue grass and redtcp mixture should do
well from Oklahoms north and Bermuda grass south of that general region.

A method of producing Permuds sod, which has found favor in the scuthern
ﬁortions of thig country in the building of golf courses and in the grassing
of shoulders of highways, is that of obtaining the grass from fields by
plowing and raking and thern planting by piacin% in shallow trenches, spaced
about 18 inches to 2 feet apart, covering over with earth, dragging level
and fhen lightly folling. This . method has the advantage of producing much -
qulcker and surer results, with a more uniform éovering of sod that can
ordinarily be obtained by the seeding method. Where Bermuda grass can he ob-
tained in large quantities, at nc cost other-than vlowing, raking, and hsuling,
snd where labor is cheap, this method of planting has ite adventages.

From this it can be seen that practically every airport may require
gpecial attention to determine the grasses that are best sulted for the
particular case.

As soon as the young grﬁss makes its first appearance, the serious
buginess of maintenance begins. Somé arrangement should be mede to keep
traffic off the turf until it has had an opportunity to gain a stand. This
may be done by prohibiting the use.of the entire field or hy designating cer-
tain portions for use.

Under the strain of heavy traffic, turf is likely to become rutted,
especlally 1f exposed to alternate freezing and thawing. Because of the mud
which ig inevitable during the wet seasén, the maintenance of airplanes

becwies wore expensive, landings more difficult and accidents more numercus.
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It is also true that while the turf sﬁrfaces.provide a satisfactory
landing eres under certein favorsble corditions, there are some conditions of
soil, climate, and traffic, which can bé met only with the installation of
a specislly prepared surface. There have been instances where airports that
at first managed to get along fairly well with a turf field, later found that
the inereazsed traffic rapidly destroyed the grass and that some kind of
artificinl surfacing was necessary;

Paved Runways: The term runwey paving is applied to the process of

preparing a firm, stable, even, all-year, all-weather runway surface, free
from dust or aggregate which may be blown or picked up by alreraft engine
propellors_aﬁd designed to support the siatic and dynamic loads oceceuring in
the landing and téking off of aircraft. Hard surfaecing may be divided
roughly intp two general lypes, rigid and flexible, In the rigid type it is
assﬁmed that all wesk areas in the subgrade will be bridged and the load will

be transferrved to adjacent stronger areas. In the flexible.type it is

assumed that the pavement will be in gonStant contact with the subgrade and

that load transmisé;on to the subgrade will be more or less uniform.

Rigid type éévements include Portland cemént concrete of varying
thicknesses, with: or without steel reinforecing, and certsin agphaltic con-
cretes, asphaltlic or water bound macadams and soil—cemeﬁt stabilization which
may approach rigié characteristies. Flexible paving includes virtually all
of the bituminous types of construction with cutbacks, emulsicns, plant or
blade mixes, buili-up penetrations ahd bituminons geil stabilizstion.

Conerete Runways: Design data and recommended details for concrete

~airport pavements have been guite clearly discussed in a publication on the

subject by the Portland Cement Association. BSince this type of surface will
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P ﬁ@ be rarely congldered in connection with flight strip consiruction, it is

believed unnecessary to treat the subject further in thie report.

Design Data For Paved Runweys

Thé loads imposed by alrplanes upon runways are generally divided
into two classes —— gtatic and d&namic. Cuarrent cpinions and practices
regarding the proper design factors for these two types of loads are covered

in a general way in thie chapter.

Static Loads: When an airplene is at rest, the gum of the 1oads.which

‘it imposes on a pavement obvicusly ig egual to the gross weight of the plane.

For design §urposes it is uvsually eustomary to consider the grosg weight of
the plane as-distributed between the two main wheels of groups of wheels,
gven though part of the load msy be carried-by the teil wheel, ag in the
case of the conventicnal airplane, or by the nose wheel in the case of a
tricyele landing gear. For design purposeg, the static wheel lcads may
therefore be taken asg one haif the gross weight of the plane.

The probable useful lifg of runwey paving ig important in sirport
design. In designing runway paving, it 1s necessary ito conglder not only
the maxinum gross weight of preéent day planes, but zlsc the probable maximum
grogs welght of planes ﬁhich will be in use during the life of the runway.

The oldest alrport runway paving was bullt approximately fifteen

years ago, and, therefore, it is difficull toc estimate the probable life of

the vericus types of runway paving. Figures on the average probable useful
life of variocus iypes of paving in highway use héve been obtained from the
Bureau of Public Roads. Since the situation is not exaeily parailel, any
results or estimates must be an approximation. Thesge figures are given in

the teble below.
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fype of Paving : Probable Useful Life

High-types, such as Portland 22 to 30 years
cement conecrete, brick, block :
and bituwminous concrete in rigild

type basges

Low-type bituminous surfaces on i 12 %o 15 years
flexible bases.

TLow-cost untreated surfaces such g to 12 years

ag waterbound macadam, gravel and
sand-clay properly maintained and
serving within their traffic density.

Following are paragraphs from the letter recelved from the Bureau
of Publiec Rozds giving the information on th; probable 1life of paving:

"We believe, too, that figures based on highway experience must be
usad with care when applied to airport problems. This is especially true
with regard to traffic conditions on alrport runﬁwaysjwhere traffic is dise

persed over a relatively wide runway and not concentrated on & relatively

nerrow surface width as in the case on highways. Congequently, for example,

bituminous surfaces on airporis need a higher percentage of bitumen, prefer—

ably of a hlgher penetraticn to prevent thelr carbonlzation and resuliant

raveling, than do highways.
“In-conclusién, we have found that estimates of pavement life zre
relative, not abgolute, and that the highest type pavements have highest

first cost, lowest maeintenance cost, longest 1ife, and highest sslvage value;

and that low-type surfaces have lowest first cost, highest maintenance cost,
shortest 1ife, and. lowest salvage value."

Since these figurss are estimates based upon nation-wide averages, it

should be recognized that they may not apply in individual cases, as purely
local conditions have such a decided effect upon the durability of pavements.

These figures, even with their admitted limitationg, do give gome idea of




The probsble period of time which must be considered in estimating the possible

increase in airplane size and weight.

In designing ailvport and flight strip paving, it is necessary to consider
the genersl weight classification of the planes whieh it is designed to
accommodete. Future as well as present weight should beuprovided for.

- Airplane grose weights for use in designing airport runway paving are
centained in Table A. These weights are the best available estimstes of
the weights of aireraft which ﬁay be antic%pated during the probable life of
the pavement. It is extremely difficult to arrive at a reﬁsonable sgtimate,
since in the cass of a high ﬁypg of paving this estimate should cover a
period of from twenty to thirty years. Whether cr not the gross welghts
shown in the table will be aitained or exceeded within the estimsted periocd

of time remains for the future to disclose.

e

It appears probable that economlc rather than structural limitaticns
will determine the meximum airplane size. Thig stetement applies to commer-
cial planes only. Military airplanes ere not subject to the ssme ecoromic
limitations asg co@meréial planes and may, therefore, evenﬁually become con—
siderably 1arger..lThis faet must be considered in airport design, sinee the

airports of the country must be congtrucied so that in time of an emergency,

miiitary aircraft can be accommodated without difficulty.
It appears that the size of commereéeial planes cannot economicelly
exceed a certain limit if interest on the investment apd amortiszation charges

are considered. The demands for frequent service, in many casges, will meke

it more ecconcmlcal to operate a larger mumber of smaller units. The airplane
groses welght &t which thig point will be reached is a matter of disagreement

i among engineers al the present time. Some engineers feel that under the con-

o
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ditionsg of present alrline patronage b& the publie, commercial transport
planes much in excess of the present day maximum of approximately 65,000
pounds Will.be Found uneconomicél to operate. 'On the other hand, if it is
assumed thal pessenger traffic on the airiines will contimue to increase each
year at even the present figurés, it would appear probable that commer-
cial planes of a gize considerably in excegs of the present day marximum would
be'profitable to operate. |

Inciﬁded in Table 4 are values of tire pressures which may be used in
airport paving design. These values are baged upon current practice and also
ﬁpon the assumpiion that tire pressures in excess of 75 to 85 pounds probably
will not be used. Alrcraft probably will be equipped with dual or multiple

wheels when the gross welght of the plenes increases to a point where pressure

would exceed this value if a single tire were used.

Dynamlc Loads: There is no complete agreement within the aviation

industry as to the exact magnitude of the loads imposed upon runway paving by
the vertical component of descent of the lénding aircraft. The National
Advisory Committee;ior Aerdnaufics had condﬁcted a series of flight tesis at
Lengley Field over a period df YEATrS. These-tests are deslgned primasrily to
measure the stressesldue to landing loads in the under—carriasge and structure
of the ailrplane rather than to measure the ground reaction. In these tests
an accelerometer is mounted in the airplaneAas near as practicable to the
center of gravity of the plane, and from thé readings of the instrument, an
estimate is made of the magnitude of the grdund reagction.

An investigation was algo made of tesis conducted by the Bureau of
Public Roads to determine highway impact factors. As a result of the congi-~

derzticn of these tests and the N.A.C.A. series of tests, the impact factor
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of (2) as a theoretical design factor to be applied to the gross welght of
thé plane wag evolved.

Ae the result of praetical experience, however, it is now generally
sceepted that the employment of impact factors in runway design, to provide
for dynamic loads, may be discounted so long as the design is adequate to
support the meximum static loads anticipated‘upon a glven runway.

This apparent discrepancy between the theoreticsl impact factor (2)
and & neglizgible impéct factor is predicated’on the deflection of the tire
itgelf under £he landing shock, and the entire sbsence of a direct impact at
the moment of landing contact. Tests conducted by the tire mﬁnufacturers
indicate that the average alrplane tire deflects under landing impact Ey an
amount which materially inecresses the contact area between the tire and the
paving. 3is iﬁcrease in tire contact area is sufficient to partially jus-
tify the reduction of the impact factor.

Impact loadé are of extremely short duration since aircraft travel
with a veiocity of from 70 to 90 wmiles per hour, or from 3102 to 132 feet
per second, in landing.

The suggestion has been made that in the case‘of rapidly moving loads
on flexible pdvemeﬁt a situation exists similar to that of thin iece which

will support & skater if he is moviang rapidly enough, but which will break

- under his weight if he ghould stop. It is belisved that further research of

this problem will be wvery productive.

Pavements at loading and warming-up aprons and turnarcunds at the
ends of The runwayg should be of the highest poésible type because of possible
damage from the heavy shearing loads occasioned by short radius brake turns

and from drippifigs of gas and oil,

P
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Surface thicknessg:

The following thicknesses have

based upon laboratory tests.

Subgrade -
7.I.

30 or less

30 to 40

Over AD.

Sub-base
Thickness
(Al
4!!
Ll'r

been specified,

Base Thickness

5
o ogn
jon

Another design method for determining surface thickness 1s the use

. of Downts formula:

T
W wheel load.
5

nonu

T = 0.554W

S

thickness of pavement required.

iocad bearing value of subgrade.

The modifiecation of the above formula by B.E. Gray'subtracts from the

calculated required thickness the radius of the equivalent tire circlie.

Cromns: Crowns znd iransverse gradients should be sufficient in pitch

to expedite surface water runoff. This must be emphasized in states where

freezing occurs becaugse of possible ice damage to alrcraft surfaces.

Runway
Width
1001
150!
2001

#Recommnended only for areas where rainfsall is 1ig

of pavement.

RUNWAY CROWNS

Minimam
Crown¥*

Recommended for
Average-Conditions

a1
G
120

RUNWAY CROWN POINT COORDINATES

9“
L
ign

A

ht and for impérvious types

Runway Width

Dist. of C.L.

Crown Elev.

100t

150¢

o
251
501

Ot

- L3 -

0.621.
0.371
0.001

0.941
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Punway Width Diste of C.L. ' Crown Elev.
150t {cont.} ' 251 0. 74"
: 501 0.371
75T ' 0,00
200! _ .o 1.251
251 1.11!
501 0.74t
751 0.371
1001 0.00!
300t cr 1.881
251 ! 1.73¢
50! 1.481
751 1.11¢
1001 0.741
1251 Q.37
1507 : 0.00!t

". « + + . . The crown ig parabolic over the crest with a continuation ﬁo
the sides on a gfade iless than 1.5%."
HThe grades lengihwige of the runway are also less than 1.5%."
Camcufiage

The bagle principles cf‘camﬁuflage should be congldered in the location,
design and consiruction of flight strips. This isg important because fiight
strips are being é;nstftcted primarily from a military standﬁoint. Experlence
in England and Germany show the import%ﬁce of proper camouflage.

In the present war in Europe it 1s reported that the Germans aré
also ueing runways for thelr aviation fields that 1§ok as if they were s
part of tﬁe highway. Usually these runways - iaid out and congtructed in
areag which we eall "flight strips" - are loeated near small villages and

appear to be side roads leading into the main highway. If the highway is

of concrete, then the runway is covered with a thin layer of white sand

e




to conform to the same color of the highway. Wien the highway is of

as@halt, then the runway is given a darker color. These areas serve as

flight strips for the landing and take-off of aircralt, when a strong
cross wind is blowing at Tight angles to the highway or the highway is
not of sufficient width or straightrenough to be used ag a runway. The
hangars may be a little distance awéy from the "flight strip" area and
are often surrounded by big trees. From the air it is said they lock
more like big barns than hangars.

A detailed diszcussion of Modern Camouflage will be found in Part V

under the subject of Camouflage.
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PART V |

®

CAMOUFLAGE

In times of emergencles, flight strips loecated In strateglce aress -
will no doubt be camouflaged as a protection againgt bombing. The basic
principles of cemouflaging have been included in this discussion
because 1t is believed that such principles shonld be considered in the
seleétion of the flight strip sites and applied 1o a cértain degree to
the finished project.

The following discussion is based upon experiences presented by

‘Army Fngineers.

That is Camouflage?
Mo entirely satisfactory definition of camouflage has ever been

written. It may, however, be described as the science of confusing the

| 71 W

identity of an object for the purpose of deceiving the observer. Camou-
flage, or "protective concealmeni", may be accomplished by (1) reduction of
visibilit}, (2) complete concealment, (3} changing the apparent identity

of the object, or (4} the use of dummy or decoy targets.

| There is no magic or-mystery to modern caﬁouflage. It is based upon

techniques developed by experimentatlon and experience. . It combines the

knowledge of many fields of endeavor, including design; construction, ari,
and englneering. Many professions and many industrles have made grest
contributions towards the advancement of camouflage, and there is yet much

to learn.

How Does It Differ Trom Camouflage Tmring World War 19

¥hen thinking of camouflage, most people recall to mind the battle

front photographs of the last war illustrating sniper posts or observation
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posts, which were almost invariably located in fake tree stumps or in the

carcasses of dummy desd horses made of papier mache. The zigzag or "dazzle"

painting-on ghips, a technlque gtill useful oﬁ occasion, also lingers in the

memory. This type of camouflage was designed to conceal primérily againat

observation on the ground or frqm observers in low altitude capiive balloons.
Tn modern times our problem is very different. Hostile bombardiers,

observers, and photographers are often many thousands of feet up in the

air. They are looking for, and can only see; large installations and

factories, argenals and simllar large targets; the single individual

soldier and his camouflage are of little interest to them.

What Are We Protecting Asalnst?

In the event of emergency, consideration should be given primarily
to ﬁrecision bombing in this country. The long distances involved would
praobably make area bombing, blitékrieg tactles using a large number of
bombers, the exéeption'rather than the rule. Also, the guestiion of con-
cealment against aerial photography may be considered of secondary import-
ance. Even though a target may be easily discernible in an aerial photo-
graph, it is safe from precision bombing unless the bombardier can actually
see the target in hig bomb-sight. |

In preciéion bombing the bombardier must &ctually sight his objective
or a very close reference point directly in the line of flight and track
it for an apprecisbls period. His speed is so great (up to 400 miles per
hour) that he will generally have only 30 to 45 seconds in_whiéh to do this -
munless he makes a return flight. He must sight and bomb his target from an
oblique angle from 15 to 50 degrees with the horizontal. Anﬁi—aircraft-artillery.

and fighter planes will tend to keep enemy bombers at elevations of &t least
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10,000 feet and possibly even at heights of 35;ODQ feet or more.

The bombardier's task is therefore not an esgy one, even without the
added handicap of camouflage because of the speed, high elevation, and dis-
tance from the target which may be in excess of six or eight miles. This
explains why camouflage stops short of complete concealment (in other words,
aﬁy reductlion of vigibility of the objective) may be justified as a defensive
measure.

How Does The Bombardier Locate His Target?

Landmarks: A bombing targef is most easily lcecated by means of land-
marks in the immediate vicinity. These may include easily identified
coast 1ine features, lskes, rivers, mountains, snd man-made installations
ineluding towers, highway intersections, race tracks or large eagily idemn-
tifiable buiidings. If such a landmark ig within a mile or two of the
target, i1t may be used as a direct reference point in the bowb-sight, even
though the target itegelf is completely camouflaged. Thus, it is evident
that when seleeting sites for neﬁ construction the presencerof landmarks
is an lmportant dopgideration. Likewise;'in the conecealment of exiéting
installations 1t 1s sometimes necessary to camouflage nearby landmarks, as well

ag the target itself.

Form, Bulk and_Shadow: This may be summed up briefly by the state-
ment that there are no straight lines or right angles in nature. There-
fore, any straight roof lines, tall chimneys, straight roads or absolutely

stralght waterways are & give-awsy. By the same token, all camouflage

efforts to duplicate nature must avoid the use of straight lines and straight
edges wherever possible. In many instances, however, a rectilinear design

"will be desired to simulate an urban pattern.
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J m%@i l Yometimes bulk alone, even #ith irvegular edges, reveals the target.
Lafge bulks or ereas must be treated to give the appearance of being broken
up into smaller units.

0f equal, if not greater, importance are shadows. Frequently the
straight black shadow cast by the target is more vigsible than the target

itself. Shadows may be broken up at source with the use of nets and screens

or by sultable silhouettes over or on the structures. Even more effective,
‘howsver, is the use of trees and other plant:materials to sbsosh the shadows

on the ground. These same materials are also very effective in breaking up

the square lines and outlines of the buildings themselves.
Texture: Texture may best be defined and demonsirated by the reflec-
tion of light on the top of a gilk hat. When the nap is rubbed smooth the

-surface appears glossy and light. When the nap ig rubbed the wrong way, how-

=
iy
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ever, the entire gffect changes; each hair casts s minute shadow and the
effect of the surface is rough and dark. Another example is the way in
which various crops in cultivated fields can be identified from the air by
their texture alone.

This same effect must be eonsidered when camouflaging an installztion.

For example, it is not completely effective to paint a flat surface, such

as & roof or a roadway, to slmulste grass even though the color may be an
exact match. From the air the difference in texture will be clearly dis-
cernible. Artificial textures may be created by the use of garnished nets

(the hanging ends of the garnishing material produce the necessary shadow)

and by adding rough particles for texture, such sg shavings, ground rubber,
wood chips, and slate roofing granules,'to the flat surfaces to break up

their complete smoothness.
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A modification of texture is the use of dull mat finishes in all camou-~
flége nainting, to reduce the specular reflection of 1ight on the surface.
Resultls simiiar to those cbtained with lusireless finisgh paints may be
achieved by throwing dust or sand on the painted surface before it dries.

Color: Color is probably the least important congideration. The

clarity of colors tends to fade to a considerable degree when viewed from

higher altitudes, because of haze and distance. In general, the color and

% tone of the surrounding terrain should be duplicated as far as possible on the
target, and any pattern which occurs in the lendscape should be ecarried over
éﬂ the installation by means of paint or actual construction.

Whet Are The Three Stages Of Camouflage?

Minimum Job or "Toning Down'": Paint is the principsl means of accom-

plishing this type of work. Although little actual conceslment is achieved,

g

the regulte may justify the efforte beceuse of the slightly increased diffi-
culty which the bombardier encounters in locating the tsrget in hig bomb-
gight.

The Average Job: The next step mzy invelve the introduction of false

shedows snd false forms to destroy revealing outlipes. Simple construction,

including the use of salvaged lumber, chicken wire, cheap textiles and

Aother evailable materials may be used, together with ithe planting of frees
and other natural materisls. Flat surfaces may be textured by the addition
of crushed rock, sand, or ordinsry roofing granuies.

The Total Joh: The total or all-out camouflage includes complete

duplication of the patierns and ‘tones of the surroundings. This may involve
the building of false rcofs and other complex construction, real, or artificial

1¥W treeg om-roofs, and in some ceses, placing the installations underground..

t
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The cost and effort of o fotal job are justlfied only where the target ig
of extreine importance to national defense.

How Are Camouflape Plans Prepared?

Cqmpetent architectufal, painting, englneering and landscaping ser—
vices can prebably handlie a msjority of jobs, if experienced camouflage
assistéﬁce ig not available. Aerial photogrgphs and ground piens will be
requlred, and for more complex glructures a scale wmodel may be desirasble.
After the camouflage is completed, 1t should be checked frequently by aerial
observatlion snd photographs to determine its effecltiveness at varicus timegs
of day and during the varlous sesascns. |

It is obvicus that some kind of provision must be made at the time of

construction and in conjunction with camouflage operations for either

.emergency or permgnent lighting facilities. A brlef discussion of general

alrport lighting i1s pregented in part VIi.
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PART VI

LIGHTING

in unlighted landing area is obviocusly of little use afier sundown
and therefore relisble airport lighting is necessary if the flight strips
are to be.uséd for day and night service. |

Under war time operations for military purposes flight strips will
undoubtedly be Iighted by special porteble lighting apparatus furnished
by the army. In peace time, tﬁe bagic minlomum requirements for lighting
equlpment established by the Buresu of Air Commerce will nc deoubt prevail,
Since lighting equipment has been standardized by the Buresu of Air Commerce
and the succeeding Civil Aeronautics Board and that complete factusl dete
concerniné the same can be cbtalned from them, 1t is belleved that only a
short discuésion of the subject is neceésary'in this report.

The distinctive function of airport.lighting can be considered as
falling into two main categories; |

(1) Airporﬁ identification lights and (2) aids in landing on and
talking off from théiairport.) ind a third, less distinctive divigion is
(3) miscellenecus lights.

Some of the lights have funections falling inte more than one division
and must be congidered as having s double function. The classification by

divigions is-as follows:

Type of lipght Divisicn
1. Mrport beacon | 7 1
2. Tlluminated wind-directicn indicator 2
3. Boundary lights 1-2




Type of light : Division

4} Range lights 2
5. Contact lights | 2
6. Approach iights ’ 2
7. Obstruction lights 2
8. FRoof marking ' : 1
9. Ceiling projector 3
10. Landing area, flood lights 0 2
'11. Traffic lights | 2
12. Apron and exterior flood iighting 23
13. Interior lighting | 3
14. Temporary marking ‘ | 2

The category listed as Number 1, or identification lights, has its

primary funciion in the indication of the loecation of a 1ighted landing

‘field. The iighting units under Category Number 2, or sids, serve to aid the

pilot in lsnding and téking of f from the field.,” The ihird category relstes
only indirectly to flighf operation.

The varying needs of lighting at individusl landing fields muat be
thdroughly gtudied and sirpori lighting éxperts‘called in if the wost
effective use 1s to be oblained froﬁ the money available.

As a final conéideration in f1light strip construction, thought must
be given to future maintensnce operations boih in peace and wer time. A
landing field must be properly maintained a%t 211 time or else abandoned.

Maintenance as applied to flight strips is explained in part VII.
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PART VII

MAINTENANCE

4 landing field not properly maintained at all times masy be more
dangerous than ne field at all because the exisgtence of a field Implies

adequate lending facilities.

The all year maintenance of flight strips becomes an obligation of

the State Highway Departments and funds will be necessary for doing

hl

this work. A sugpested source of revenues is. from concessions located at

improvemént sreaes containing flight strips. TFlight strips with such facil-
“ities would have greater value.

Maintenance O0f Right-of-way And Runwsy Surface

The general maintenance of flight slrip right-of-way and runway

i & gurface 18 identical with that of a modern highway and its appurtenances;

‘thérefore it is believed that further discussion of the subject in that
respect i1s unnecessary since the maintenance diﬁisions of highway departments
are well equiped and experienced to de the work. However, in winter main-
tenance the snow aﬁa ice problem is handled in a different manner.

finter Maintenance

From experience it has been found that the best way fto handle snow
deposition on an sirport is to pack it in place on the runways. This is
sccompliched by dragging rollers over the snow until it bgcomes thoroughly
Q packed and-wili not be displaced under sirpléne wheel ioads. It is evident
that snow characteristics will go?ern to a certain extent the type of
equipment and method of compaction.

A snow packing rcller ugsed by the Allegheny County (Pittsburgh Pa.)
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Airport is described as follows. The roller is 8 f{eet in diameter, 10
Teet long and weighs about 100G pounds. It is built around 5 circular
wooden frames which turﬁ on a 2 inech pipe axle. A light steel fyame
connects the éxle to a wooden hauling tongue. The ends of the roller
were closed. The outside logging 1s made of 1" x A" boards. Pulled by &
light truck at normal speed 1t reduced the depth of enow frem 6-1/2" to 2M
in one pass. | |

Eanergeney Maintenance.

During war emergency it woﬁld be the cduty of highwey dGepartments fo
have available equipment and materials to move debris, fill holes, and re-
pairlfunwayrsurfaces in case the flight strip should be bombed and tempor-
arily put out of éérﬁice.

The éesign, construction and meintenance of flight strips sheuld in-
clude certain consideration to necessary utilities which will eventually
become a part of the whole rrojsct. Such utilities are discussged in part

VIIT.

- 55 -




[T
Al H
oy J““:‘"

PART VIII
UTILITIES NECESSARY TO OPERATE FLIGHT STRIPS UNDER
SPECIAL CONDITIONS SUCH AS,

WAR EMERGENCY, RECREATION USE, COMMUTING BASE

Since it 1s plenned that flight strips will ultimately become a part
of = general state and national airway plan they will be eventually equiped

with such public utilities as phone, electriecity and water for the con~

venience of private users. .Provision should be considered for their future
instellaticn. |

In cerfain iocatiuns, eapecizlly in metropolitan aresg and recreation
genters, the flight strips ﬁill become populsr ss commuting bases for privately

owned planes. Therefore, proper steps should be token in the deglgn of flight

@g@j stripsrfor the installstion of fire fighting'eqqipmeﬁf and first aild facili-
: ities ag well as, shelter and gtorage for planes, sanitary measureg for con-
céSsions, rest rooms and other buildings, and provision for supplying airplane
: fuel, oil and repairs.
1 '

Certaln sercnsutical details must be taken into congideration when

designing flight strips and airports. Part IX contains a discussion of the

more important cnes. 4

0.2
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PAR? IX

AERONAUTICAL DETAILS

In preceeding‘parts emphasip has been placed upon the design =nd con-
struction of fligﬁt'strips. However, there are certain azeronautical details
which must be considered as beiﬁg part of the master plan. These detalls
include such factors as airway leglslstion, properfy rightg in upper air

spaces, zoning, approach zones, and eir merkings.

k3

Aeronautical laws and Regulstions

For intra-state airway state leglislation is required. For exemple,
in Massachusetts in addition to legisletion relsiing to munieclpal fields,
the State Depariment of Public Works is authorized to establish airporis,

landing [ields and landing strips.

The Air Commerce Act of 1926 defines a civil sirway as "a route in the:
nevigable air space designated by the Secretary of Commerce as a route
suitable for ianterstate or foreign air commerce."

. ¥
The establishment and regulsilon of airporis is the province of the

state and not of the Federal authorities.

Property Rights in Upper BAlr Space

Over congested parts of cities,towns and seittlements, except for

emergency landing, flying shall be not less than 1000 feet high. Elge-

‘where, not less than 500 feet.

By "court decision" a land owmner owns sc much of the space above
him s he uses, but cnly as long as he uses it.
Zoning

MAirport zoning is today accomplished by varylng cilty, counly and state
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ordinances and statutes. The glide path of the plane as measured from the
edée of the landing area and above which no structures are permitied to pro-
ject, was only 7 to 1 in early ordinances whereas most of the ordinances now
sre in effect that the glide path ig 15 to 1.V

", . . .Zoning regulations are becoming inmcressingly strict, both as to
height and distences from sirport." |

~ Many states have zoning enabiing acts permitting the control of

height of buildings and use of land which.boild readily be applied tc the pro-
tection of an airpert if such protection is compatible with geperal use in
the neighborhood. ‘

"The {ivil Aeronautice Bosrd hasg created several committees on air-
port zoning and eminent domain for the purpose of revising and stendardizing
ordinances. v . . oM

Approach Zone -

"An ‘tapproach zone' is a trapeboidal area having a width of 1000 feet
st the bouﬁdary qf the airport and broacening to a width of A000 feet at a
distance of 2 miles” from the boundary, the centerline being e contipustiion of
the center line of the landing strip. It is expected that the ratiocs cited
(see I A-1 glide pathg) will be required only with respect to the "approach
zones" of the airpert". . . . "For all other areas about an airport it 1is
expected that the glide path will be a minivum of 7 to 1 at sea level."
Air Marking

BAlr marking is the seronautical term applied to town names, high-
way route numbers, directicnal arrows egte., painted oﬁ hangers, roofs of

factorles, rallroad stations and other conspicucus places. As fllers often
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follow important highways when traveling unfamiliar territory, msrling these
highways with state names snd route mumbers is particularly valuable.

The Air Commerce Act of 1926 provides among other things, YRadio range
beacons for diréctioﬁal guidance®, and "Radio markers beacons for azssistance
in locating strategic points, such ag intermediate landing fieldg ?nd in
many cases givﬁng directional gﬁidance over ghori distances.?

Alr routes should be classed as tentative until they are tested by
actual flights. Since no lighting or radio facilities wilil be provided for
emergency landing fields, air marking is the only aiﬁ to navigation which
can now be provided(

In Michigan, eirway marking is especlally important because the
recreation intéresté ﬁre anxious to attract visitors from all parts of the
country. TFor flierg unfamilisr with the stete 1t is egsentisl that the
airways be clearly marked to direct those who stray off the highways.

The markings should be ag gimple as possible, consistent with the
information to be conveyed. They should.be of a permanent nature, econoﬁical
to construct and ﬁaihtain,énd should be placed in accordance with a fairly
definite systen, ip order that pilots may know where to expect them. When
possible, include the following: the name of city or lccality, a‘meridian
marker, nearest alrport with rating--chrome yellow characters con a dead-black
background are the mos@ effective.

The height of leﬁters uged for name of c¢ity should be from 10 to 30
feet as avsailable space may permit. Under no circumstanées shovld lettering
be less than 6 feet high. It 1s more desirable to use abbrevistions than

reduce size of letlering.
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APPENDIX KO. I

Excerpt from - Public Law 295 - 77th Congress, Chupter 474, 1lst session

8-1840
Section 8. Flight Strips. - In order to insure greater safety for traffic
on the public highways by providing sdditionsl facilitiesg in comnection
therewith to be available for the 1énding and take;off of aircraft, thel
Commisgsioner of Public Roads is authorized to provide, in cooperation with
the Army Air Corps, for studies and for the eonstruction of fiight strips
adjacent to pub%ic highways or road-side-development areas slong such high-
ways. The acquisition of new or additional lands necegsary for such projects
may, to the extent détefmined by the Federal Works Administrator, be included

as part of the construction thereof and Federal Tunds shall be available to

" pay the cost of such scquisition. For carrying out the purposes of this

section, there is hereby authorized to be appropriated during the continu-

‘ance of the emergenéy declared by the President on May 27, 1941, in addition

to any funds that may be svallable under ény other sppropriation, the sum of
$10,000,000, which shall be available, without regard to apportiomment among

the several States, for paying all or any part of the cost of such projects.

Excerpt from - HOUSE BILL no;il7 ~ Michipgan 6lst Legizlature.

(¢) Property deemed by the board or Commissioner to be necessary for the
congtruction, adjacent to the highways, of £light sirlips for the landing and
take-off of airerafi in order to insure greater safety for traffic; for the
purpose of uniformity the size, location, layout, lighting end markings of

such flight strips shall be in conformity with rules =nd regulaticns to be

prescribed by the Commissioner.




TABLE I

EFFECT OF ALTITUDE ABCVE SEA LEVEL ON AIRPORT S1ZE

Clasg T Clasg 1 HBless TIT Class IV

Elevation Bunway Lengths in Fact
Sea Level 1800° - 2500 3500 4500
200 2040 2840 3980 4860
400 2340 3250 4559 5250
6,000 2690 3740 5230 5670
&,000 3120 4350 6070 a 6150
10,000 3660 5090 7120 7120

|




TABLE I1

RECCHMENDED DEPTH AND SPACINGS CF SUBDRAINS

(From Armco "Manusl of Airport Drainags™)

Distance

f

ANV

Depth of
Bottom of between
. Percentage of Soil Separztes Subdralins
Soil Clasges Sanc Silt Clay g
Sand 80-100 020 0-20 150-300
100150
Sandy Losm 50-80 0-50 0-20 100-150
85-100
Loen 30-50 30-50 0-20 34, 85-100
2=3 75-85
Silt Loam 0-5C 50-100 0-20 3wdy TE-E5
2-3. 65-75
Sandy Clay Loam 5080 0-30 20-30 3-4 65-175
23 55-65
Clay Loam 20-50 20-50 20-30 34, 55-65
2-3 45-55
Silty Clay Losm 0-30 50-80 20-30 3-4 L5=55
' ' 2-3 40-45
Sandy Clay 50-70 0-20 30-50 3-4 4045
2-3 35-40
Silty Clay 0-20 " 50-70 30-50 3-4 35-40
2-3 20-35
Clsy 0-50 0-50 30-100 -y 30~-35
3

2530




TABLE ITE

ATRPORT DRAINAGE CORFFICIENTS
(From Armeo MMarmal of Alrport Drainage")

Required Capacity of @ Drain in Cubic Feet Per Second to Remove Various Depths
of Weter in 24 Hours (Flliott)

Depth in Inches : © Capacity, Cu. Ft. per Gec.

Fraction Decimal Per Acre Per Sq. Wile
1 1.000 L0420 26.88

15/16 238 -0394 R5,20

7/8 . .875 ‘ - L0367 : 23.52

13/16 .812 , .0341 21.84

3/4, 750 L0315 20.16

11/16 - .688 0289 18.48

5/8 625 o L0262 . 16.80

9/16 562 .0236 15.12

1/2 500 .0210 13.44,

7/16 © o W438 L0184 11.76

3/8 375 - .0157 ) 10.08

5/16 S w R-A L0131 ’ 8.40

1/4 250 : .0105 6.72 , .
3/16 _ .188 L0079 . : 5.04 _ \
1/8 _ .25 - .0052 3.36

1/16 ' .062 L0026 . l.68

HR
T
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TABLE IV

DESIGN DATA FOR PAVED RUNWAYS

Recomnended Standards : Class 1 Clags 2 Clasg 3 Clags 4

Statlc design loads for runway

and arron paving based on pre— No |
sent day aircraft. Load con- . paving 30, 0004# 60, 000# 100G, 000#
sidered destributed egually " recommanded

) |
between two main wheels or sets : . !
of wheels. . '

Probable futurs (10 years)

maximun static gross loads to be Yo : ’ :
congidered in the design of run— © paving 60, 000# 150, 000# 300, 000#
way end apron paving and drzinage recommended
. gtructures.
*Theoretical design impact Ho
factor for paving to be ap- paving 2 2 2
plied to grogs welght. recommendad -
*Recomnended design impaet - lNe - Practical experience indieates any design
factor to be spplied to paving . adeguately supporting maximum. anticipated
naving loads per unit srea. recommended gtatic loads will bhe sufficient.
Frobeble renge of static air- 10 to Z5# 15 to 504# 30 to 75+ 50 to 85#
plane tire pressgures. 8g. in. = sd. in. 53. in. 8. in.

*illowance for Impact in paving design may be made in terms of gross lead or applied load per unit area.
Both allowances in combinstion, however, should not be used. Therein the antlicipated maximum static
load cannci be reascnably forecast, the use of an impact factor of not to exceed 1-1/2 applied to loads
per urit ares is recommended. :




