THE CORRELATION OF ATRCRAFT
TAKE-OFF AND LANDING CHARACTERISTICS
WITH AIRPORT SIZE

By

A L Morse
Technical Development Division

Technical Development Report Na 40

Apnl 1944

U S DEPARTMENT OF COMMERCE
CIVIL AERONAUTICS ADMINISTRATION

WASHINGTON, D. C

1294



THE

CORRELATTON OF AIRCRAFT TAERE-CFF AND LANDING
CHARACTERISTICS WITH ATRPCORT SIZE

PREFACE

The followlng report represents one approach to an extremely complex problem the sclution
of which involves econcmic and topographic lamitations as well as techmical considerationa The
statements and conclusions contained herein are net intended to heve any regulatory significance
nor do they express the general airport policy of the Cival Aeronsutice aAdminletration
port does present factual data and a suggested use of that data for cerrelating marport dimensione
with the performance characteristica of the alrplanes

The re-

Thls investigation was undertaken by the Technical Develomment Ddvision early in 1936,
and contimued untll lats 1n 1940 when the report was completed Thls was originelly intended to
ald the Administration in connection wlth 1ts airport planning and regulatory activitiaes
contimued requeats from the industry have indicated the desirability of its general diatribution
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THE CORRETATION OF AIRCRAFT TAKE-CFF
AND TANDING CHARACTERISTICS WITH
ATRPORT SIZE

SUMMARY

The purpese of this gtudy 15 to establish a fundamsntal basis for the determination of
sirport dimensions that will accomodats safely the cpermtion of aireraft  The study involves
the obtainment of adequate and pertinent factual data and the interpretation of these data in
the form of recommended dimensional regquarements for elrperts These requirsements should remain
within reasonable topograpnic and economlc limits, and should be determined so that no increeas
1in dimensions will he necessary for many years to come It is belisved important that thess
dimensions be founded, as far as possible, upon data that indicate how alrplanes ectually per-
form under ordinary conditions rather than upon an essumed standard of perfermance  According-
ly, this study 18 hased malnly upon photographic records of day-in and day-out operationa of a
namber of representative airplames, obtained at varlous altitudes and at wvarious airports

In addition toc these performance data, this study includes a large number of accident
records and metsorological observations througn which the photegraephic records are translated
into alrport dimensions  Thus, a study of the accldent records has aided in the sstablishment
of general standards to which may be applied the performance characteristics of any airplane to
obtain airport dimensior requirements for that alrplane, also, through a study of the meteorolo-
gical observations, allowances were made for unfaverable temperature amd barometric conditions
that are often encountered

The study of accident records has led to the establigshment of the followlng general
standards or criteria

(a) Rumways should be long encugh to permit aircraft to roll safely to a
atop 1n the event of an englne failure during the take-off st the point
where the wheels are Just leaving the ground

{t) The cleared areas on either aide of the rurmways should be wide enough
to provide reasonably smooth surfaces on which aireraft can come to
rest, should some unforeseen contlingency cause them to swerve from their
original take-off or landing directions

(c) Obetacles should not project up into the flight paths

Hcte  Rumway lengths as determined salely from flight path characteristics againat obstacle
clearance requirements are in close egreement with rumway lengths as determined through the ap-
plication of criterion (a) above

4 study of meteorological observations has led to general conclusions concerning possible
airport temperature and barometric pressure conditions that will be encountered in actual opera-
tion  Accordingly, 1t appears that at amy airport, allowances should be made for a density amlta-
tude several thousand feet greater than the geographical altitude of that alrport 411 obaerved
data are corrected to zero wind velocity and to specificatlon gross weight

These studies have resulted i1n the attainment of two broad objectives

(a) The establishment and application of a basic and practical method for
correlating the take-off and landing characteristics of any alrplane
wlth any airport at any altitude 8590 as to insure safe operating
accomodatlons

(b) ™e determination of defimits dimensicnal requirements for four claasses
of mirports at any altitude based upon such a corralation

The grouping of alrport requairements Inte four classificationa, as mentioned above, is
based upon the types of airplene that cen be accomodated safely These are as follows



Class I Lowest powered private owner type
Class II Modlum powered private owner type
Class ITI: Higher powered private owner type and smaller airline type
Class IV The largest of airlime aircraft
The applicatlon of the basiec correlation method may be sesn in table 14
Conclusions concerning dimensional requirements for the four classes of alrports under
zoro wind conditione are presentéd in two sets of curves The first (fig 22) shows rurmmy
length requirements for each class of airpert at any altitude up to 10,000 feet, The second (fig
23) shows obstacle zoning ratio requrements for each class of airport, and at any altituds up
to 10,000 feet  The obstacle zoning ratio 1s obtained by dilviding the distance from the obstacle
to the near end of the rurmwmy by the height of the obstacle sbove the rurmay elesvation

Data from which the widths of the landing strip areas may be determined are far from
adequate In a purely arbltirary manner, however, 1t 13 suggested that,

{a) Between the center lines of any two parallel landing etrips,
(b) From the center line of any landing sirip to the boundary of the alrpoert,

(c) From the center line of any landing strip to any obstruction or to amy area
which may be occcupired by sirecraft, automobiles, etc

’
the followang mindmm distances well mght be provided

Class I 150 ft

Class IT 300 Tt

Class IIT 450 ft

Class IV 600 ft

As indiceted from this study, runway length and cobsatacle zoning ratic requirements at
SEA LEVEL and for zero wind veloecity conditions are as follows

Alrport Class Rurwey Length Obstacle Zoning Ratio
I 1,800 ft. 13
II 2,800 ft 18
III 3,800 It 23
IV 4,800 f% 28

At any elrport st eny altitude, an obstacle zoming ratio of 42# is recommended where
radio instrument landlng systems are installed

The actual take-off and landing paths of the airplanes involved 1n thls study are shown
in figure 21

Appendix #3, of thls report, inveolwes the conslderation of the effect of wind in reducing
the dimensional reguirements of alrports having rurmmways lying in more than one direction  Rurmay
lengths and obetacle zoming ratios may be reduced safely if at least ome rumwmy together with ite
corresponding obstacle zoning ratic safely provides for flying operations during dead calm condl-
tiona The determination of such reductlons 13 independent of prevalling wind velocities, gince
they are based upon low wind velocities rather than upon high velocities

Definite lengthe are suggested for airports, Class I te IV, having one, twe, three, ar
four rurmays  These data are presented as curves showing the recommended length and ratio re-
quirements for each of the four classes of eirports and for altitudes up to 10,000 feet An 11-
luptrative sketch of an eight-direction Class IV airport located et eea level also ia presented
In this sketeh the rummay lengtha have been shortened to allow for winds

hppendix #3 involves the consideration of partially paved runways 1In this connectlon it
appeare that the length of paving may be reduced appreolably if adequate lengths of smooth turf

# This ratlo results from flight test data which lnvolve only the radio instrument landing sys-
tem st Qakland, California



are provided at both ends of the paved portion  This requarss 40 percent additional total
length but permite a 40 percent reduction in the requlired length of paving

Concerning future requirementa, 1t appeare that advances in designming technlque are re-
sulting 1n aircraft which w1l require no larger airports than are required by existing alrcraft
It 15 believed, therefore, that no lncrease in airport dimension requirements wlll be necessary
for mny years to come

INTRODUCTICN

The problem of mirport size has long been a troublesome one Government and private
agencies have been faced wmith 1t continuously since the beglnning of the rapid growth of aviaticn
activities at the end of the Worid War The problem has become increasingly acute as military,
commerclal, and private flying activities have increased and as the size and speed of aircraft
have inereased

The problem is a complex one as 1t lnvolves both safety and economica It can be argued
that the safeat airport would be cne of tremenduous size having a surrounding territory free from
obatructions to flight Such an airport 1s beyond the bounds of economlc poseibllity and, in a
mimber of cmses, le beyond the bounds of topographic possibility The problew resolves itself
into that of combiming safety with economic and topographic possibilities

The solution of the problem 1s not a simple matter Absolute safety 1s, of course, im-
pogsible of attainment Reasonable safety 1s very difficult to define  Consequently, the solu-
tien of any problem inwolving reasonable safety 15 a very difficult task

The C1vil Aergnautics Admmistration i1s faced with the necessity of determining airpert
gize 1n the performznce of 1ts functions under several of the provasions of the Civll Aeronautics
Act of 1938 Its procedure to dete, go far as air carrier operatlons are concerned, has been to
accept the recommendations of 2ts3 Alr Carrier Inaspection personnel as to whether or not airporte
are of gufficient size tc accomodate, with reasonable safety, the types of aircraft which the air
carriers propose to operate So far as development planning and certification are concerned, its
procedure to date has been to accept the recommendations of ite Axrports Service psrsomnel ss to
alrpaort size

These recommendations of the Admnistration's perscnnel have been based upor a knowledge
of what a new airplane in the hands of an expert test pilot can do wnen undergoing tests for cer—
tification as to 1ts a:rworthiness, together wath a knowledge, gained through long experience, of
what that mirplane, in actual service, does in the hamds of &n average airline pilot

Because of the long experience of the persomnel involwed, the Administration has been
fully jJustified in accepting the recommendations. Hewever, because personal oplnion, personal
Judgment, and indivadual definiticns of reasonable safety are involved in each case, there has
been a lack of umiformity in the recommendationa The Admimistration fully realizes this and is
sndsavoring to remedy the situation

The first remedial step appeared to be the obteinment of data shomang the actual take-off
and landing performance of airplanes under normal day-by—day service conditions The Adwinistra-
tion then could use these factual data as one basls for the determination of mirport size in lieun
of accepting, with their attendant disadvantages, the recommendationa of 1ts personnel in sach
case

ANALYSIS OF THE FROBLEM

The objectlve of this study 1s the esteblishment of one practical end fundamental basis
for the determination of airport dimensions thet will accommdate safely the aperation of mircraft
This involves the acqulsition of adequate and pertinent data, and the trarslation of these data
into performancs charscteristics and airport dimensions

Thies objective breaks down into two parts
(1) Te establishment and application of a basic znd practical method for corre-
lating the take-off and landing characteristics of any airplane with the di-

meneions of any airport so ag to 1nsure reasenably safe operating sccomodaticns

{2) The establishment of a basls for determining definite dimensions for four
olaases of slrports to accomodate safely the four followlng types of airplanes



Class I Loweat powered private owner type

Clams II ¥edium powsred private owner type.

Class III Higher powered private cwner type and smaller airline type
Claas IV The largest of airline alircraft

In the attaimment of the objective, 1t must be kept in mind thet the alrport dimensions
as finally determined should remain within reasonable economic and topographlc llmts, and pre-
ferably, should not be subjlect to change for many years to come As far as pessible these
dimensions should be founded upon factual deta that invelve normal operating performance rather
than upon an assumed standard performance, and should be determined in a simple mnd stralght-
forward manner

The problem, then, 18 to determine what data shall be obtained, how they shall be ob-
tained, and how they shall be employed in attaining the desired objective

If this objectave is to be attained, two general consideraticns must be kept in mind.

{a) Any materisl that does not lead te this cbjective by the shortest possible
route must be excluded

(b} Every correction and theoretical manipulatien that is applied to the
original observad data will reduce the general acceptability and effective-
ness of the final results. Thus, the degree of refinement should be no mecre
than adequate

A study of take-off and landing accident records will aid in the elimination of non-
pertinent performance data through the establishment of general performance criteria A study
of metecrologlical observations obtalned at various airports will aid in the intelligent trans-
lation of the performance data intc reasonably safe airport dimensions

Te method used for obtaining performance date should provlde accurmte and permanert
records of initisl climbs and approaches as well as of the ground roll characteristics The
recording equipment should be automatic in its operation, and the translation of the resulting
records 1nto actusl performance characteristice should involwe as little work as possible
Other deairable.recording equipment characteristics are mobillity and lack of restrictien upon
the plloting of the aircraft involwed

Deciding upon the type of piloting technigue to be included in this study 1s most 1m-
portant, in that 1t determines the performance characterlstlcs through which airpert dimensions
are determined These dimensions obviously should not be based upon ultimate performance charac-
teristics, aince these never are attained except under controlled conditions which are not often
realized in normal service operstlen Two major considerations appear to be involved

(a) The normal functioning of the alrcraft
(b) Possible smergenoies

If all aircraft were designed so as to eliminate the more viclous stalling characteris-
tics, or 1f engines never failed, or 1f the brakes always functioned perfectly, airport dimen-
slons could be determined safely from something very close to the ultimate performance
characteristics Although 1t cannot be said that perfect aircraft nmever wall be produced, the
existing models will be in operation for some time tp come, and it 1s necessary therefore to
provide enough alrport to amccomodate performance characteristics which result when aircraft are
operatad so as to realize an optlmum of safety with respect to emergencies This obtains when
take—off speeds are great enough to precluds the possibility of stall after take-offa, when
gpeeds during the initial climb are sufficient to favor controlled flight in the event of an
englne failure, and when landing approach speeds are well above the stalling speed Engine
failures during the take—off run and brake failures durlpg the landing run aiso must be con-
aidered in determining airport dimensions

Irn order to be sure of the inclusion of such performance in this atudy, records of nor-
mal day-in and day—out operations should be obtained at the larger airports The plloting
technique should not be restricted As a corollary, data invelving special flight tests should
be excluded, except that all larding ground roll data should involve the full use of the brakes
This exception 18 necessary because of the fact that in daily opsration, power often 19 used to
prolong the ground roll in cases where the loading ramp is located at the far slde of the airport
Data invelving instrument landings wlth the pilot "under the hood", and data involving the
c¢limbing charactsristics of multlengine aircraft with one or more engines cut out, also should
be included in this study

Performance results obtained from deata involving dally operations as deseribed above, of
course, will be divergent Some valuss will approach the ultimate characteristics while others
will lie too far on the conservative side This indicatse the necessity of s large mumber of



records for each airplane so that an adequate determination of the normal operating characteris-
tics may be realized Conversely, the time and cost involved in the obtainment and employment of
thess records make 1t necessary to limit the number required tc & minimuwr Records of at leaast
30 take—offs and 30 landings should be obtaired at any one mltitude, and at lemst three different
altitudes should be included  Thus, 180 records are necegpary to detsrmine adequately the normal
eafe operating characterlsticas of any one airplane over a reascnable range of altitudes Addi-
tional tests may be neceasary to obtain instrument landing and btraked landing data  Moreover,
since the reliabality armd the degree of permanence of the final results depend upon the inclusion
of & ressonable number and variety of elrplanes, it will be seern that the total number of records
required im exceedingly large, particularly when this number ia visualized in terms of actual
take—offs and landings

Meteorologlcal data, including at least twe seasonal cycles, should be obtalned at several
alrports and at several mltitudes  These should consist of tempersture and barometric presaure
observations at sach airport of such a nature that they can be used to determne the fluctuations
of denslty altitude and pressure altitude over a perlod of approximately two years These data,
in turn, can be usedr

(a) to determine the least favorable meteorological conditiona which are
likely to be encountered at the airport in questlon, and

(b} to establish gensrel assumptions concerning temperaturs and baro-
metric pressure characteristics to be considered at any airport

The ncceldent data should include mS many types of airplanes as posaglble and should be ar-
ranged so as to facilitate the determination of Just which performance characteristics should be
uged to obtain sirport dimenaiocns Thus, rumay length requirements may be determined from the
take—off characteristics, or from the landing chmracteristics, or from & combination of both
Obstacle zoning ratio requirements may bs based upon either take—off or landing requiremsnts
Data concerning accidents due to englne failures during the take—off and overshooting while land-
ing should be emphasized Data concerming hazards which may be reduced effectively by the elimi-
nation of the basgic causes, rather than by providing larger alrports, should be i1dentified sc
that they may be excluded immediately from consideration in airport slze determination  Accidents
involving uncontrolled swerving of the alrplare from its original take—off or landing direction
should receive particuler attentlon, since these may lead teo the determination of adequate widtha
of Turmay aresas

FROCEDURE

1 Develeopment of Equipment for Obtaipine Records of Take-Off apd Landing Characteristics

In copnection with the equipment or method to be used for obtaining so large a number of
records of day-in and day-out operations, the requirements discussed in the "Analysis of the
Problem® were consldered most carefully The use of photographic equipment obviously 1s indica-
ted because it obtains a permanent record and because its automatic operation practically elimi-
nates the human element  Moreover, photographs also record pertsnent surrounding conditions such
ae flight attitude, flap setting, rurmmy characterietics, and other noteworthy details

It developed that none of the existing types of photegrsphic equipment were completely
satisfactory Methods involving & camera set-up located at some fixed distance from the side of
the rurmmy, so that the airplane 1s flown acroas the field of wvision, are lacking in range as
concerns the flight path Metheds thet invelve microscopic measurements on the film of some
knewn dimension of the airplane, such as the wing gpan, require conslderable work in reducing
the basic recards to psrtinent distances, speeds, flight paths, and are subject to errors due to
the yawing of the alrcraft which are difficult to evaluate

It wag considered necessary, therefcre, that the Adminiatration aevelop 1ts own equipment
This development was accomplished through the efforts of the personnel of the Airport Sectior of
the Techmecal Development Divisien i1n ceonjunction with the Research Development Department of the
Bagtman Kodak Company The equipment has proved to be most satlsfactory

This equipment operates on the range finder principle and conslsts essentlally of two
widely separated motlon pleture cameras having carefully matched lenses  These are located at
one end of the rurmway and are equipped with electrically timed shutters so that simultaneous
photographs, at the rate of four per second, are taken of the airplane while 1t 18 taking off or
landing Vertical and horizontal markers, precisely located in front of the cameras, conatitute
references which permit dirsct messuremsnts of horizontal and vertical distances from the cameras
to the airplane through the projection, slde by side, of each palr of simultaneous pictures on a
ground glass screen Both the alrplane and the marker muast be included in each of the photo-

graphe



Through careful calibration the scales on the projlector are graduated to indicate the
aotual dietances in feet, thus permitting s reasonably quick obtaimment of space-time records of
each talmw-off and larding maneuver

Actually, two pairs of cameras and markers are used which permit a dlstance range of
12,000 feet, arnd s helght range of 650 feet at that distance. The accuracy of these memsure-—
mants 18 within plus or minus one percent

A complets report covering this equipment ies now belng preparsd for publication

2 The Obteipment and Presentation of Records of Take-Off and Lapdips Charscterletice

Te originael program for thls study inecluded the obtainment and study of same 1,300 re-
cords involving three private-ownmer type and four airline type aircraft This included normal
operating conditions, *blind® weather conditions, and 1n the case of multienglne sircraft,
flight wath one engine inoperative About one year would have been required to complete this

program

M™e actusl obtainment of these records was well under way when, s@arly in September, 1538,
the need for at least an indication concerning sirport dimenslion requiremsntis became 8o urgent
that it was mecessary to abandon the original program and to complete the study as quickly as
possible with such dats a5 alrpady were available As a result of that centingency, thias study
includes only some 560 records These are distributed in such a manner that complete character-
istics of one moadsl and sea level characteristlcs of four other models are determned from ob-
gorved deta in 8 reasonably adequats manmer. Since it was found desirable to include a total of
gight models 1n this study, 1t has been neceasery io determine the normal day-by-day cperatling
characteristics of the three remainming models through the use of Rapreasd coefficlents® which are
applied to the computed ultimate characteristics of these models. These spread coefficients are
determined as o ratio of the obasrved normel to the computed ultimate characteristica for the
models on which actual photographic records have been obtained. A uniferm and, therefore,
compareble baeis of performance computatlon wes used for all eight models Thie was evolved
through a study of the methoda of computation developed 1n Report #103 prepared by the Aircraft
Engineering Division  Tese computations result in figures that check very closely with actual
flight test results

It 18 evident that the number of records mvailable for inclusion in & study of thia
nature should be increased However, it is felt that the 560 recerde obtalned are 3o disposed
with raspect %o the types or models of aircraft consrdered as to provide a reasonable evaluation
of their smarport requirements The acquisition of those records would not heve been posslble
without the complete cooperation of the alreraft manufacturers, the air carriers, the punicipal-
itles, and the personnel of tha varlous airporte

The follamng table I liate the number of take-off and landing records obtainsd for eech
airplane included in this study end the airports where these recocrds were obtained The rumwey
lengtha and the geographical altitudes of the airports are also listed

It will be noted in Table 1 that models A, B, and ¢ are private owner type aircraft
while models D, B, F, G, and H, are airline type aircraft It also will be seen that the ncymal
take—of f and lamding characteristics of airplanes A, C, and G must be obtained through the appli-
cation of the spread coefficlents to the computed ultimate characterlstics of those airplanes

Bo photographic records have besn cbtained tc date of the flying charmcteristics of
multiengine aircraft with one engine lnoperative However, other data involving flight testa
under such conditions are availsble These indicate that when the emieting two—engine airorsft
of the airline type are operated on ape engine only, the resulting flight path varisa trewmsn-—
dously Test resulta indicate that the rate of climb may vary from 15C¢ feet per minute to zero,
or that the airplane actually may lose mltltude

In view of this, the sonsideration of positive climbing charscterlstics under such condi-
tions has been eliminated se far as this stwly 18 comcerned, except in the matter of obetacle
zoning, which should be guch ae to provide remscnable clearance to permit an mirplare to clrcle
the sirport and land 1in the event that controlled flight 1s possible after an engine failure
during the take-off

It is pogsible, of course, to extract e weslth of usaful end interesting information
from the recorded performance data As previously discussed, howsver, the effectiveness of
this study depends largely upon the exclusion of all but the most pertinent materiasl. Thus, the
heple for the determination of airport dimsnsions can e attalped through analysis of the die-
tances trewvelled by the sirplanes in taking off and landing, ineluding the distances required to
clear obetacles. This ammlyseis, however, requires a knowledge of unstick and landing speeds.
It was found possible to exvlude all but the follewlng performmnce characteristicsi



NUMEER OF TAKE-OFF AND LANDING RECORDS OBTAINED FOR EACH ATRPLARE

AND THE ATRPORTS WHERE THESE RECORDS WERE OBTAINED

TABLE 1

Mumber of Take-Off and Landing Records, Airplames (A) to (H) inclusive

Oeog PRIVATE OWNER TYFE ATRLINE TYFE
Alrport At Ruomay Lengths (Ft ) A B g D E F g " H{Elind)

(£t ) | u/s E/W | NW/SE| WE/SW[ TC| L |TO | L |TO L TO[L [TOJL [TOJL [TO[L [TO]L [TO[1L
Cakland (Blind Landinga) 5 | 5000 | 5000 3500 31
L A Municipal (Mines Field) 93 5380 3500 21 22 20 70 [N
Chicago Munlecipal 614 | 2250 | 47700 | 3200 3200 22 16 3
Fort Worth 690 [ 3400 | 3200 | 3800 | 3300 i3 L | 10
Burbank 695 | 360G | 3550 | 3650 | 3650 20| 23]5 1 1
salt Leke Clty 220 | 5550 | 4350 | 5550 7 25 7 16 15 5
Cheyerne £145 | 3816 | 6500 | 5100 3024 35 46

k33

Totsls {Take-offs and Landings) per Airplane 4H 47 27 70 | 58 23| 34 6 | 11[02 |[106 2!
Total Number of Records per Alrplane QO * 95 D »* 97 Bl 4, 17 » 208 11

Total Mumber of Records)

563

¥ Rormal Performance characteristics of these airplanes are determined through use of gpread ecefficients as described on Page 18 of thls report

## TFave of these records involved specigsl flight tests

NOTE

For these five, only the ground rcll characteristics were consldered

plrplane (4) 1s a low powered private owner type
airplane (B) is a medium powered private owner type

#irplane (C) is a high powered privaete omner type

Arplanes (D, E, and F) are the smaller alrline type

Airplans {@) 15 ome of the largest and latest of transpert sircraft

Airplane (H) 1a one of the larger modern airline type

(see table 40)




TAKE-OFF

Unatick Distance \
Ungtick Speed
Distance to attain 50 and 100 feet helghts (from start)

LANDING

Distance from 50 and 100 feet heights to contact
Contact Speed
Ground Roll Distance {with uge of brakes)

In the determination of the foregoing performance characteristics, the speeds and dis-
tances as recorded during each take—off and landing must be reduced to a comparable basis, neces-
sitating the application of a certain number of correctiona On the other hand, as has been
mentloned previously, the general acceptability of the final conclusions will be lesaened it pro-
portion to the number of manipulations which mre applied to the original observed data 1In view
of this, only two corrections are applied Distances and speeds first are corrected to zero wind
velocity, and second, te specification gross weight

S8ince information ooncerning the effect of altitude upon performance 1s necessary for
the determination of the dimensions of airperts located at various elevations, the observed data
were not corrected to sea level Instead, the effective altitude for each take-off and landing
¥a3 determined through analysis of observed temperaturss and barometric pressures, so that
eventually curves of performance characteristics against altitude might ba plotted

It i1s realized that a number of additlonal correctlons could have been applied to the |
criginal data These might have inveolved corrections teo standard horgepower for each model,
depending upon the particular type of engine and propellsr installed in the i1ndividual airplanes,
or corrections for cross wind effect, for rummy grade, for flap setting, amd ac forth It was
felt, however, that such refinements could be eliminated in view of the fact that their effect
easily could be negated by any one of a rmumber of indeterminate 1tems* such asg

Throttle manipulation

Mechanical condition ef the engines
Engine temperatures

Manipulation of intake-zir-heat controls
Quality of fuel

Cordition of ailrport surface

Ar turbulence and gusts

Piloting technique

Te combined effect of the above 1tems 18 responsible for the divergence among the cor-
rected performance data for any one model The final determination, for that model, of the
performance characteristics which may be used for the determination of its airpert requirementa 1
cannot be made adequately except through the study of a large amount of take-off and landing
data As previously indicated, these data should involve different individual airplanes of each
model included in the study, different pilots, different airports at different elevations, and
should be obtained at the larger airports so as te insure safe piloting technique These data
then may be spotted on coordinate paper and curves may be drawn sc as to lnclude the less favor-
able points, but in such manner as to exclude the ultra-conservative results

For each airplane, take-off speeds, contact speeds and take-off distances, including
the initial climb, are plotted agminst altitude  Approach paths sre not affected by altitude
Date invelving approach distances, therefore, are not plotted, but are presented in a gravohical
manmer so as to facilitate the final determination of these distances for each sirplane
Landing ground roll distances are affacted by contact speed rather than by altitude These .
data, therefore, have been plotted agalnsat contact speed

3 Obtay t egentation of Accaden o

A total of 452 records of take-off and landing accidents was obtained from the Accident
Analyais Sectien of the Safety Bureau  These involve both private owner type and airline type
aireraft In addition to these, a totel of 28 records of mechanical interruptions involving

#Note An sccurnte determination of the effect of any of the above i1tems, even under carefully
controlled flight test conditlions, appears doubtful Where records of day-by-day
flight operations are being obtalned, such determination is practically 1mpossible



airline type alrcraft was obtained from the Alreraft Bngineering Division of the Safaty Rsgula-
tlon Service A brief mccount of each accident is presented in a tabuler form These accounta
have been further condensed in a second set of tables In suoh & manner as to facilitate the study
of the mccident data as they affect the determination of airport dimension requirementa. All of
the take-off and landing accidents and mechanical interruptions for the perlod of time considered
woere Included in these tables so as to present a complete picture of the situation

4 The Obtalnment and Pregentation of Meteorologlcal Dats

The metecrolegical data intluded i1n this study were obtained from the United Statses
Weather Bureau  Thess data were 1n the form of thermograph and barograph records involving twe
seasonal cycled, and included the airports st Burbank, California (altitude 695 feet), Salt Lake
City, Utah (altitude 4,220 feet), and Cheyenne, Wyomlng {altitude 6,145 feet) These data are
presented 1n the form of curves which show the fluctuations i1n density altitude and pressure
altitude

DISCUSSICN OF FACTUAL DATA

1 Aocident Recopds

Brief eceounts of 452 accidents and 2B mechenical interruptions are presentsed in tables
23 to 27 inclusive (appendix #4) All accidents and interruptions involving take—offs and
landings which cccurred during the period of time considered are included These data have bean
grouped 3o that each table includes the followlng types of accidents

Table 23 - Take-Off, Airline Alrcraft

Table 24 - Landing, Alrline Aircraft

Table 25 - Take-Off, Private Owner Aircraft

Table 26 - Landing, Private Owner Aircraft

Table 27 - Take-Off and Landing Interruptions, Airline

Because of their quantity, the above data have been plaesed 1n an appendix to this report
They have been corndensed, however, in the following tables 2 te 6 inclusive, which laist the
primary causes of those accidents which are pertinent to the conslderation of airport dimensiong

*

TABLE 2
PRIMARY CAUSES
TAKE-CFF ACCIDENTS INVOLVING ATRLINE TYPE AIRCRAFT
Ttem No Cause of Accident Accldent Numbers as Total Ko of
Listed in Table 23 Accidents
1 Ice or snow on wings g-10-11 -18 - 20 5
2 Carburetor Ice 2 -3 - 22 3
3 Fallure of Fuel Supply 1-6-~12 3
4 Insufficient Width of
Rurmay Area 9 -17 - 22 3
5 Obstacles in Flight Peth 7 -19 2
& Unceontrolled Swerving Cut 1-2-3-4-5-12
of Rurmay Area 13 - 14 - 15 - 16 - 22 11
7 Engire Failure L-2-3-4-6x-12
4 - 15 - 16 - 22 10+

#1211 accidents due to engine failure, wath the exception of #& involved uncontrolled swervang
from the original flight path.

HOTE 1 Only the accident data which are pertinent to the consideration of airport dimension
requlrements are included in this table
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2 T™is teble 18 a condensatlon of the date listed in table 27 which involves a total of
22 scecidaenta, which in turn involved a total of 157 people  Of these, 5 were injured
fatally, 13 seriously, £ sustained minor injurles and 132 were uminjured

TABLE 3

PRIMARY CAUSES

LANDING ACCIDENTS INVOLVING AIRLINE TYPE AIRCRAFT

Item No Cause of Aceident Accldent Numbers as Total No of
Listed in Table 24 Accidenta
1 Overshooting 4 -8 - 19 - 22 - 30 - 32
35 - 48 - 53 - 56 - 57 - 64 13
72
2 Breke Malfunciioning 12 - 19 - 23 - 30 - 35 - 28
55 - 63 - 65 - 72 - 53 11
3 Uncontrolied Swerving | 12 - 27 — 42 - 54 - 55 - 65 &
Cut of Hurmway Area
4 Insufficient Width
of Rurmway Area 55 1

NOTE: 1 Only the accident data which are pertinent to the consideration of airport dimsnsion
requirementa are included in this table

2 Tis table 19 a condensation of the data listed in table 24 which involves a total

of 72 mccidents, whach, in turn, involved a total of 539 people Of these 3 wers
sericugly injured and 536 were uninjured

TABIE 4

FRIMARY CAUSES

TAKE-OFF ACCIDENTS INVOLVING PRIVATE COWNER TYPE AIRCRAFT

Ttem No Cause of Accident Accident Numbers as Total No of
Listed in Table 25 Accidents

1 Over—-running 3 -22 -32 - 48 -51 - 61
63 — 66 - 67 - 80 - 82 14
30 - 69 - 102

2 Englne Failure 5 -7-9-11 -12 - 14
18 - 23 - 24 - 27 -29 -3
31 - 32 - 24 -39 - 43 - 44 31

52 - 70 - 72 -T7 - 78 - B7
88 - 89 - 94 - 96 - 97 - 100

104
3 Obstacles 1n Flight 16 - 17 - 22 - 25 - 31 - 33
Path 38 - 42 - 56 - 60 - 61 - 63
66 — 67 - 68 - 75 - B4 — 90 20
83 - 102
4 Fajilure of Fuel Supply 18 - 24 - 88 3
5 Uncontrolled Swerving 37 - 49 - 53 - 58 - B3 - 103 &

Out of Rumway Area

NOTE 1 Only the accident data which are pertinent to the consideration of airpert dimsnsion
requirements are included in this table
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2 This table is a condensation of table 25 which lnveolves a total of 104 accidentas,
which 1n turn involved a total of 211 people Of theme, 2 were injured famtally, 9
serioualy, 12 sustained minor injurles and 188 were uninjured

TABLE 5

FRIMARY CAUSES

LANDING ACCIDENTS INVOLVING PRIVATE OWNER TIFE ATRCRAFT

Item No Cause of Accldent Accident Numbers as Total No of
Ilasted in Table 26 Accidents
1 Cvershooting T —R23 - 24 - 41 - 45 - 129 11
147 - 160 - 174 - 221 - 235
2 Brake Malfunetionming 34 - 35 - 168 3
3 Uncontrelled Swerving 8 - 12 - 14 - 17 - 22 - 24
Out of Rurmmay Area 20 -29 - 31 - 34 - 35 - 39 36

47 - 56 - 58 - 63 - 64 - 75 - B2
93 - 96 - 107 - 127 - 132 - 135
136 - 140 - 141 - 142 - 155 - 162
168 - 169 - 17C - 197 - 215

4 Obstacles 1n Flight 9 - 49 - 67 - 70 - 86 - 108 - 10
Fath 110 - 148 - 161 - 189

5 Insufficient Width of 17 - 56 - 58 — 75 - 96 - 162 7
Rurmay Area 170

NOTE 1 Only the accident data which are pertinent to the consideration of airport dimen-
31on requirements are included in thils table

2 This table 15 a condensation of the data laisted in table 26 which involves a total

of 472 accidents, which, i1n turn, involved a total of 472 people Of these, &
were 1njured fatally, 5 seriously, 38 sustained minor injuries and 423 were uninjured

TABLE 6

PRIMARY CAUSES

MECHANICAL INTERRUPTIONS INVOLVING AIRLINE TYPE AIRCRAFT

Ttem No Cause of Interruptlion Interruption Nos as Total No eof
Listed 1n Table 27 Interruptions
1 Engline Failures 19 - 20 - 21 - 22 - 23 - 24 10 =

25 - 26 - 27+ - 28

2 Brake Malfunctioning 6 -7-8-10 -13 - 14 - 10
15 - 16 - 17 - 18

% A1l of these interruptions with the axception of #27 involved the fallure of one ocutboard
engne Gontrolled flight was maintained

NOTE Only the interruption data which are pertinent to the consideration of airport dimen--
sion requirements are included in thise table

From inapection of the tabulated records, 1t wall be noted that there were a number of
accidents in which the airplanes travelled beyond the boundariesg of the airport, but which, it
18 believed, would not have been avorded even though the airport had been larger  Thus, the
formation of 1ce or snow on the wings elther prior %o or during the take-off often results in
the following sequence of events the airplane spparently is functloning in e normal manner
during the ground run, but refuses to leave the ground at the ususl speed The pllot does not
realize that the asrodynamic characteristics of the wings have been impaired and persists in hils
attempt to take off until he suddenly realizes that he 1s appreaching the boundary of the alrport



At this polnt he oloses the throttle, but ocntinues beyond the boundary In view of the above,
and in view of the fact that sea level rumways as long as 4,500 feet have bssn involved,
(accident #11, tabls 23), it appears that dispatching practice rather than rmmwmy length ir the
eritical factor Nevertheless, both teke-offe and landings continuglly will be sttempted under
such conditions It is lmportant, therefore, that alrport dimenelens bs of gufficlent magnitude
to minimize the hazerds involved

There 8lsc have been & nmumber of sccldents, the primary osuags of whioch have been elim!-
nated or which are subject to elimination Agmin, it is felt that in such cases airports need
not be enlarged to accomodate the resulting maneuvera of the aircraft Ope such cause 13 the
formation ef ice in the engine induction aystems

The removal of thls hazard through the application of means to prevent engine ilcing
raduces the possibility of engine failures dus to guch causea The preasence of water in tha
fuel has caussd a number of engime faillures Proper fuel handling practices together with the
use of adequate storsge aequipment la proving effective in the elimination of this hazard

Many accldents have been due to the pllot's fallure to take off wlthin & reascnable dis-
tance, or have resulted from overshootlng in attempting to land. Obvlously, these would have
baen avolded if the airport had been larger It alao 13 obvious that poor plloking technique

oldae 9 air ig weCanY

can result in accidents of thias type regardleaa of rurmmy length 'Jhis is avidancod by the fact
that runways as long ea 3,650 feet have been overrun in attempted teke-offe of medium powsred
private owner typs aircraft, {acoldent #63, table 25), and that 4,000 foot rumwmys have been
overshot 1n attempted landings of alrline aircraft, (accident #8, table 24 ) 1In view of tha
above, 1t appears impractlcal to conslder the determnation of rumwey lengths directly from
accldent records, partleularly since observed performance data ere now avellable, as listed 1ln
this report

The necessity for adequate width of cleared areas on elther side of the rummy 185 evl-
denced by a number of accidents listed in the tabuleted date  Thus, accidents have been caused
by piles of snow which wora left on elther side of the rummay when the rurmay ltself waa
cleared There also have been accidents which involved an uncontrolled and sudden swerving of
tho airplane from 1ts originsl take—off or landing directionm Ibp such cases, alrplanes have
travelled as far as 600 fest from the center of the rurmmy before comlng to rest  (accldent #3,
tsble 23 } While it 18 true that damage to the airplane wsually will result from sush
maneuvers, even though cleared areas are available, it also 1s trus that adequate width of
asuch areas will minimize the possibillty of injuries to passengere and crew and, therefore,
should be provided Thess records include so little specific informetion concerning actual
distances that they camnot be used &s & basis for precise determination of thia important dimen-
gion Coneideration of the aircraft performance characterlstices 1ln this connection aleo 1a of
1ittle valus, since these do not involve such mamsuvers However, if the 600 foot distance
mentioned above were to be accepted ms a sritericn, 1t would follow that on large airports a
minimm distance of 60C feet should be provaded between the center lines of any two parallel
rurmays, from the center line of any rwmay to the boundary of the airport, and from the center
ling of any rurmay tc any obstruetion It appears reascnable, however, to reduce this dimen—
slon in the case of amaller ailrports

In conaldering rurway length requirements with a view 10 minimlzing the hazards resul-
ting from englne fallure during take—off, 1+ would be desirable to determine

() The point along the take-off where such fmilure is likely to cccur
(b) The probable sequence of ewents following the engine fallura

Table 2 lists ten accidents dus to such englme failures invelving five different types of multai—
englne elrline aircraft These accidents include engine faillures at various points along the
take-off They have occurred at the start, during the ground run, and after take—off, at heights
up tec €0 feet above the ground In every cmse, eacept one, the airplane did not continue in a
straight line but swerved to ome side out of control, and crashed at acme distance from the run-
way On the other hand, tahle 6 lists nine interruptions due to fajlure of one outboard engime
in which the pilot was able to maintaln control after the engine hed fsiled Tis table alsc
includes fiwve types of alrcraft. Single englne alrcraft heve been involwed in 31 accidents
(table 4) which were caused by engine failures during the ground run, end after take-off, at
helghts up to 700 feet above the ground

The abowe date indicate thet it is not possible to determine the point along the take-
of f where englme feilures are likely to occur However, they do glve some indloatiens oon-
cerning the probable sequence of events following sush fallures, particularly as to multiengine
airline aireraft in current operatlion It mppears that the loes of an outboard engine need not
regult in loas of control On the contrary, 1t would seem that correct pllot reaction can result
in controlled flight regardleses of the air speed at the time of the engine fallure, and in eplte
of the faect that such failures come &s & complete surprise to the pileot at the time when he 1a
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occupled mith the extremely delicate task of getting his passengers safely into the air This
would appear to explode the ldea that, for any perticular model, there 13 a criticel speed above
which control may be maintained and below which a crash 1s certaln However, 1t undoubtedly 1s
true that high speeds favor controlled flight i1n such emergenciea

From the standpoint of safety, 1t seems remscnable that rurmways should be long enough to
permlt airplanes to roll safely to a stop in the event of an engine failure during the take—off
In vaew of the foregoing discussion there 1s no clearcut basie for a general determinaticn of the
point at which the engine failure will occur, except that high speeds at the time of engine fail-
ure will favar controlled f1ignht

Lo an example, 1t mght be assumed from consideration of accident #1, table 23 , that
rurmways should be long enough to permlt an airlipe aircraft te take off, climb to &0 feet, lose
an engine, land, and roll safely to m stop On this basi13 actual lengths can be obtained through
a atudy of the normal take-—off ard landing flight paths as shown in figure 21 These curwes
indiente that airline mircraft will travel between 4,000 and 5,600 feet to attain a height of 60
feet, and that an addaiticnal 3,500 feet to 4,200 feet will bs requared to permit them to land and
roll to a stop Accomodations for such maneuvers would result in rurmays from 7,500 feet to
9,800 feet long, depending on the type of airplane It cannot be established from the accident
records that even these lengths would provide absolute safety under such conditions In view of
the accldent data, homever, sefety in the event of an englne fallure during the take-off would
seem to depend upen correct pilot reaction It is belleved that this will be less likely 1f the
pllot firds that he 1s nearing the boundary of the airport when hls engine falls On the other
hand, if rurmmys were at least long enough to permit the mirplane to come safely to a stop in the
event of a partlal loss of power during the take—off at the spsed at which level flight power ra-
quirements were a minimum, the pllot could come to e step or, if he so elected, his chances of
succesafully golng around for a landing would be favorsble

It would seem that rummay lengthe determined on the basis outlined above should favor
correct pilot reaction, and therefore should provide reasonably well for the safe operatlion of
both single and multiengine aircraft

The spoeds for mnimm power, laevel flight, under standard sea level conditions are
listed on line 19 of table 7, for the eight alrplanmes included in this study  The unstick speeds
a3 realized in normal day-by—day flying cperations involving unfavorable temperature and baro-
metric comditicns (T =100°F, Hp= 500 ft ) are listed on line 5, table B When the speeds listed
in table 7 are corrected to the temperature and barometric conditions which are invelved in
table 8, 1t will be seen that under similar cormditlons the speeds for minimum power closely ap—
rroxamate the operating unatick spseda

In view of the above, 1%t 13 felt that & reasonable degree of safety will be realized i1f
rurmays Are long enough to permlt aircraft to roll safely to m stop in the event of an engine
fallure during the take-off at the point where the wheels are Just leaving the ground, as deter-
nined from performance characterlstics raalized during normal day-by—day cperatlons

2 Performance Data

(a) Basis for Correction: When the rhotographic records of each take—off or lending
were obtained, as prevliously discussed in thls report, notatlons were made of the accompanying
wind direction, wind speed, temperature, barometric pressure, and of the gross weight of the
airplane The distmnces, helghts, and speeds, as determined through the viewlng of the films
on the projector, then were corrected to zero wind velocity and to speclfication gross weight
in the conventional manner A detalled discussion of theae corrections may be found in appen-
dix #1 Since 1t 1s necessary to determine the variation of these performance characteristics
with altitude, they were not corrected to sea level  Instead, the particular altitude at which
sach record was obtained i1 liated so that curves of performance against altitude can be plotted
for each airplane involved When this has been accomplished, 1t 13 necessary only to determine
the altitude of any airport so that the performance characterlstics of that airplene on that
airport alsc may be determined

The altitude that is listed, eirther with respect to the recorded flight characteristica
or with respect to any airport, must be expressed in terms of the atmospheric conditiens that
affect the particular performance characterlstic in question  Thus, speede are affected only by
the denslty of the alr, since only serodynamic characteristlcs are involved Landing grourd roll
distances also are affectad by density 1n that they depend upon the speeds at contact  Talm-off
distances and climb path ratios, on the cther hand, are affected both by density and by pressure,
since both the serodyname and the engine power characterlatics are invelved  Approach path
ratlog are not affected by altitude, since they depend only upon the angle of attack or flying
attitude of the airplane

In order to express density and preesure in terms of altitude, it 1s necessary te con-
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gider the standard relationship of these characteristics to altitude  Meteorological observa-
tiong from all epver the world and covering a period of many years have led to the general adop-
tion of a R3tandard Atmogvhere® Thus, for eny altitude, there is a standard temperature, a
standard pressure, and a standard density When the density has been determined from the ob-
served temperature and pressure, a corresponding altitude may be determined from standard atmes-
phere tables This 13 designated as the "denaity altitude® In a similar manner the altitude
corresponding to any observed preasure 15 termed "pressure altitude® Figure 1 195 a nomogram,
or chart, which may be used to determire the density altitude from any combinaticn of ohserved
temperature and predsura, or which may be used to determine the pressure altitude when the baro-
metric pressure 1s kncwn  To increase 1ts utility, additional scales are included on this nomo-

am which permit the converslon of density altitude to the aguare root of the denalty ratio
?zatio of observed denaity to standerd sea level density)

The determinatlon of altitudes corresponding to the combinations of density and prassure,
which affect take—off distances amd c¢limb path ratics, i1s difficult because of the complicating
effect of engine supercharging However, en altitude coefficient (Epp) has been determined, and
these characteristics have been plotted against {Kpp) This, in effect, 18 a muliiplying coef-
ficient which may be used to reduce these performance characteristics to sea level conditions
& second nomogram (figure 2) is used to determine (Kpp) from kmown values of density altitude
(Hp) and effective pressure mltitude (AHp) The use of thls nomogram, including the determina—
tion of {AHp), 1s explained on the nomogram i1tself The values redulting from the use of figure
2 are in close agreement wlth the curve shown in figure 218, page 442, on the rewvised edition of
Tehl's Engineerirg Aerodynamics

Tus, when the temperature and barometric pressure corresponding to any photographlc
record are kncewn, the nomograms (figures 1 and 2) may be used to determine the pressure altituds,
the density altitude, and the altitude coefficlent (HKop) which emsted during that flight

{b) Presentation of Performancs Data for each Airplane

The normal psrformance characteristics involving take-offs and landings as listed in
table 1, and carrected as previously discussed, are presented in tables 28 +to 40 , and 1n
figures 2 to 19 inclusive As far as pogsible, these data are grouped according te the model
invalved

Take-of f distances from start to unatick, to 50 feet height, and to 100 feet height, aa
well as unstick speeds and landing speeds are tabulated and plotted ageinst altitude

Tre tabulation and graphical presentation of landing approach dats include distances
from 100 feet height to contact and from 100 feet height to 50 feet helght  Since these charac-
toristics are not affected by altitude, as previously discussed, they ars not plotted agminst
altitude but are represented on figure 1B, by straight horlzontal 1limes which ara drawn to scale
from 2 common datum line g¢ that the length of each line corregponds to the obaserved glide path
ratio for each landing ‘The glide path ratio 15 the ratio of distance to height

Te presentation of the landing ground roll data as curves of distancs againgt contact
speed (figure 19) involves four separate models It appears that the size of the alrplane does
not influence the definition of such curves, but that certain design characteristice will have
en appreciable effect  Thus, twe closely related curves are drawm  The first curve involves
normal airplanes, while the second lnvolves airplanes equipped wath tricycle landing gears or
with low hanging Fowler flaps Only data involving the full use of brakes are included

A careful study of the graphical presentation of these data will clarify and facilitate
the consideration of sirport size determinatien In thls connectlon, i1t agaan 1s emphasized
that these data were photographically obtained, and that no restrictions were impossd upon the
rilots wlth respect to flylng technique They are records of how the airplanes perform under
normal operating conditions rather than how they might perform under ideal conditions  The re-
gult of each recarded flight 15 shown  Theas flights involve flying technique that has been
evolved through years of experience, not all of which has been pleasant, as 1t includes a number
of fatal accidents These accidents, however, have resulted in increased safety, slnce their
analyses have made 1t possitle to eliminate unsafe flying practices It 1s felt, therefore,
that the observed performance data included in thle study involve a reasonable balance of prac-
ticability and =afety

It might well be expected that, by this time, the flying technique for each airplane
would have become more or less standardized, and that this would be reflected in reasonably
consistent records of the normel performancs characteristics for those airplanes n the con-
trary, however, the ohserved data for any one model are seen to be widely divergent This
emphasizes the fact that piloting technique 1= but one of many variables, any of which can
geriously affect the resulting performance characteristics, and none of which 1is accounted for
uy aerodynamc theory For example, in figure 17, it will be noted that under normal conditions
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and at moderate altitudes, airline aircraft (H) w11l require from 1,100 feet to 2,200 feet to
get off the ground

The manner of divergence of thege data 18 significant It will be noted that the
majorlty of the data 1lis within reagonably definite boundaries, while a few are so wldely scat-
tered as to appear to be completely unrelated to the main group It ia believed that these few
could he the result of ultra-conservatism on the part of those particular pilots, or perhaps
could be due tec extremely unusunl combinations aof unfaverable circumstances

The protlem in each case 1z to locate curves through the observed data, so that the con-
clusions drawn from these curves will represent remsonable safety It 1s believed that only the
main group need be considered and the few data which 1le far beyond the boundarles of this group
may be ignored It might be possible to draw a curve which would be a mathematical averags of
the grouped points If this were done, roughly fifty percent of the observed data would fall be-
yond the curve However, as previously discussed, all of the observed data lnvolve a high stan-
dard of piloting techmique and were chtained under normal operating conditions If airport
dimenalons ware determined from average curves, only about fifty percent of the flying operations
would enjoy the degree of safety which the criterla previously discussed gsheould pravade It
would aeem desirabla, therefore, that thess critlcal curves be located so ms to mark the reason-
ably conservative beundary of the main groups of data This latter reasoning is that used in
locating the curves  Furthermere, nc attempt was made to shape these curves to conform to aero-
dynamlc theory, since 1t 18 felt that the many indeterminate variables easily could negate its
effect

In studying the curves of unat.ck and contact gpeeds against densaity altitude, 2t wmll
be noted that in each case a horizontal line ls drawn across the shest at a density altitude
{(Ap) of 3,200 feet, ard that this line .s labeled *S L - High Temp & Low Barometer? The
intersection of this line w1th the curve gives the velocity characteristic that will be realized
at sea level airports cn exceedaingly hot days Take-of f distance curves include a similar
horizontal line located at Knp= BE7 for unsupercharged engines and at ¥pp= 894 for super-
charged engines A8 explained previously, the above values are based upon a large volume of
meteorological observations

It appears desirable that sea level airports should be large enough teo accomedrte the
performance indicated by the intersections of the above lines with the curves It 13 belreved
that the factual data have been interpreted in a correct and reasonable manner  There follows
a detmiled discuasion of these data with reference to each specific airplans model

Airplane &4 (Privats Owner Type)

The characteristics of Airplane A are determined through the use of spread coeffic.ents
This will be discussed later

Airplane B (Private Owner Type)

Te adequacy of the 96 available records concerning Airplane B can be determined from
1nagpection of figures 3, &4, and 5 From these 1t w1l be asen that although the two groups of
pointa adequately determine the actual performance characteristics of this alrplane at sea level
and at about 32,000 feet density altitude (KﬁP= 70), a third group of points at an appreclably
higher altitude 15 needed to determine more accurately the mamner in which the performance of
thls airplane varies with sltitude  This need 1s illustrated by the extrapolation of the curve
involving the contact speed and density sltitude as shown an figure 4  The landing approach
data are presenisd graphically .n figure 18 The complete determmnatlon of the obmerved charac-
teristics of this airplane could be realized by obtaining 60 additional records et m geographlcal
altitude of 6,000 feet or higher  These should include 30 take—offs and 30 landings

Since all of the landings of this airplane involwed the use of brakes, the apeeda at
contact and the correspording ground roll distances are listed in table 40 and are plotted in

figure 19

Airplane §  (Private Owner Type)

The characteristics of Alrplane C are determined through the use of apread coefficients
This will be discussed later

dirplane D (Airline Typa)

The tabulated and plotted characteristics of Airplane D are the results of photographic
records of controlled flight testa of this airplane, and do not include normal day-in and day-
out operatlons, nor eny approach path data  Morecver, the number and the altitude digtribution
of these records are not completely adequate, even for the determination of sea level character-



1sties, as will be geen from inepection of the following figures &, 7, and 8 except that the
lapding ground roll characteristics plottad in figure 19 involve the use of brekea Thees data
are presented at this tims, however, since 1t Is felt that the incluslon of observed data on at
least five alrline aircraft 1s deelrable It 18 believed that the majority of thess reaults
which involwe contact speed characteristics repregents normal operating practice The locatlon
of the curves, particularly relating to the take—off characteristics, is a matter of extrapola-
tion These can be located fairly accurately at low altitudes (1,000 feet density altitude or
KD - 97) Tnelr extrapelation te higher altitudes, however, invoives sloplng them 1n approxi-
magely the same manrer as the corresponding curves for Airplanes B, E, F, and H, which were
defined by more complete dats at various altitudes It iIs believed that the performance charac-
terigtics of Airplane D, a8 determimed from these curves, will result in reasonably safe alrport
requiremente for this airplane, and that unduly conservative resulta are not included It will
be noted that the available data concerning this airplane do net include approach path character-
istics These are determined through ths use of spread coefficients

Although 1t 1s believed that the interpretation of the available data concerming this
airplane has resulted in a reasonable determination of its actual operating performance
characteristics, 1t would be moet desirable to obtain a complete set of 180 additional records
involving normal paloting technlque rather than controlled flight tests

Alrplane E (Mirline Typa)

The take—off characteristics of this model are adequately determined from observed data
which involve only day-in and day—out operations for density altitudes up to 5,500 feet
(KDP: 82) The contact speed characteristics, however, are not determlined very defindtely
above 2,000 feet denalty altitude Approach path characteristice are determined adequately as
seen in figure 18 No records of braked landings are arssilsble for this airplane

b more complete determination of the observed characteristics could be realized through
the obtaining of 30 additionel take-off Tecords at a geographical altitude of 6,000 fest or
better, and 60 additicnal landing records at altltudes from 4,000 feet to 7,000 feet  Recards
of braked landinge also should be obtained for this model

Alrplane F (parline Type)

Available records concerning this model include only take-offs  All of these take—offs
involve normal operations, except that the records obtained at density altltudes below sea level
involve controlled tests  The inclusion of such data 1e of interest, since they appear to lie
close to the curves of take-off performance against altitude, ap defined by data involving nor-
mal flying ‘These curves are defined adequately for density mltatudes up to 3,200 feet

(Eyp= 894)

The landing performance characteristics are determined through the use of spread co-
efficients, as mll be discessed later in this report

If the take-off mnd landing characteristics of thie alrplane were to be determined
completely from observed data involving day-by-day cperations, 1t would be desirable to obtain
30 additional records of take—offa at a gecgraphlcal altitude of approximately 4,000 feet and
ancther 30 take-off records at 6,000 fest or higher It also would be desirable to obtain a
complete set of 90 landing records consisting of thres groups of 30 cbtained at sea lewel,
4,000-foot, and at 6,000—foot altitudes Records of landing ground rolls invelving the use of
brakes would improve the definition of the curves shown in figure 19

Arrplane G {Airline Tvpe)

The avallable data concerning this mirplane not only are inadequate from the standpoint
of quantity, but invelve only controllsd flight tests in which efforts were made to realize the
ultimate performance characteristlcs of this airplame It 13 necegsary, therefore, to determine
the normal take-off and landing characteristics through the use of spread coefficients The
landing deta, howewsr, do include ground roll distances which involved the use of the brakea
These data are incorporated in figure 19

It would be most desirable, of course, to obtain a eomplete set of 1BO records involvang
day-by-day operaticn of this airplane

Airplane B (Airline Type)

The recorded data from which the day-by—day take—off apnd landing characteristics of thia
girplane have been determined are very complete This is most fortunate in view of the fact that
the performance characteristics of Airplene H, as realized in normal operatlon are such that they
determine the dimensions of the largest alrports (Clsss I¥), as will be sesn in tables 8, 9 and 10



The radio instrument landing characteristics for thus sirplane, however, were determined
from data which involved low density altltudes In order to determine these characteristice for
sen level airports, but under unfavorable meteorclogical condltlons, 1t wes necessary to extrape-
late the curve of contact speed from a density altitude of -500 feet to & denaity altitude of
3,200 feet This has been accomplished by sloping the curve in a manner similar to the glopes of
other contact speed agalnat altltude curves It 1s belleved that the intersection of this curve
wirth the horizontal line drawn at Hp = 3,200 feet gives a reasonable value of centact speed at
this altitude, and that 1t safely may be used to determine normal ground roll distancea for thie
airplane when landing on the redio instrumsnt landing system and under unfavorable meteorological
conditions at sea level alrports

It would be most desirable to obtaxn photographic records of blind take-offs for this
airplane, since it 1s bslleved that such conditions may induce more conservative plloting tech-
nigue More radio instrument landing records at higher altitudes alsc should be obtalined

Figures 14, 15, 16, and 17 concerning this particuler airplane end aleso figures 18 and
19 concerning the approach paths amd ground roll characteristlcs of this and other airplanes are
included at this point

It 15 regretted that the number of data involving braked landing runs is not greater
since the resulting curves {figure 19) are so important in determining runway lengths Eventual-
1y more should be cbtained However, it 13 belleved that the use of those curves will result in
runway lengths that will provade reasonably safe stopping distances

3 Yetecrolegycal Data

Ls previously stated, the matsorclogical data cbssrved at the Burbank, California, Salt
Lake City, Utah, and Cheyenne, Wyoming airports consist of actual temperasture and barometric
pressure readings involving the period from June 6, 1937 to September 22, 1938 These data are
Iisted in table 41 and are plotted 1n figure 20.

It w1l be noted in table 41 that each line involves m period of about one week  Thia
13 due to the fact that the data were obtained frow inspectlon of thermograph and barograph re-
cords There ars four of these per month, thus, for each quarier of a month, the mimimum
harometric pressure and the combination of pressure and temperature for minimum denslty are
](_istad From these the maximum density and pressure altitudes are determined using the nomogram
figure 1)

These tabulated altitude data zre plotted for the psrlod of 16 months in figure 20 A
peparate set of curves for each airport is presented  Thus, for each airport there 1s a curve
showing the fluctuations in density altitude over two seasonal cyeles, and 8 similar curve for
pressure altitudes  Two horizontal lines will be noted Ome is marked (Hp), density altituge,
while the other 13 marked (Hp), pressure altitude These are locAted so as to indicate the
values of (Hy) and (A) that actually are experienced at those airports over considerable pericds
of time during the s T The values thus i1ndicated may be used 1n conjunctipn with the nomo-
gram (fipure 2) to interpret ine curves of ohserved performance characteristics plotted against
altitude, sco as to correlate the dimensions of those alrports with the performence characteris-
tics of the particular airplane in question  Such a procedure will insure safe operation with
full pay lcad, &nd under unfavorable meteorclogical conditions of observed magnitude The values
.ndicated by these lines are listed in the lower left hand corner of each plot under the heading
apasumed Operating Conditions®  Eventually, the meteorologlcal data discussed above can be ob—
teined for all airports Just as observed performance characteristics can be photographleally
obtained for all axrcraft

APPLICATION OF FACTUAL DATA

1 Determination of Normal Sea Level Characteristics

(a) General Considerstions The determination of the normal sea level performance
characterisatics for the eight airplanes included 1n this study constitutes the farst step in the
Tinal establishment of the propesed dimensional standards for the four classea of airports at
all elevations up to 10,000 feet There are two major conaiderations involved in this applice-
tion of the factual data  These are

{a) TUnfavorable meteorologicel conditions which are likely
to be encountsred
(b) The use of spread coefficients

Regarding the conslderation of unfavorable meteorological conditions in connection with
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the eatablishment of proposed dimensicnal standards involving elevatlons up to 10,000 fest, 1t
wil) be noted that the cbserved data (figure 20) do not extend abowve 6,200 feet elevation It

18 necessary therefore, to make a general assumption concerning temperatures and barometric pres-
sures which will apply a2t all altitudes  After studying the values indlceted in the foregoing
meteoralogical data, 1t 1z sssumed that at any airport during the summer months, flying cpera-
tione will bs carried on during the heat of the day when the temperature 1s 100°F , and when sub-
normal barometric pressures indicate a pressure altitude of 500 feet above the elewvetion of the
alrport The use of the monograms {figures 1 and 2) 1n conjunction with the above assumption
rasults in values of density altitude {Hy) ano pertinent miltaplying coefficients ms listed in
table 12, which In turn are involved in the determination of airport dimensieonal standards wersus
altitude as shown in figures 22 and 23

The above assumption 13 slightly conservative when compared with the values indicated by
the plotted metecrological data in the foregoing l1igure 20 Homever, 1ts final effect as reflec-
ted by the ruremy length and obstacle zoming requirements versus elevation {(figures 22 and 23),
checks very closely with the dimensional requirements obtained through the direct use of the
observed values 1n figure 20

For the immediate purpose of determlming the normal sea level characteristics of the
eight airplanes included in this study, the temperature of 100°F and the pressure altitude of
500 feet are applied to the nomograms (figures 1 and 2) to obtain the followaing values

dp (Denamity Altitude} 3,200 Tt

Epp (For Unsupercharged
Engines) ae7

KoE {For Supercharged
Engines) 894

The above values are used in conjuncticn wath the curves of observed performance charac-
terastics against altitude to obtain the propeosed dimensional standards for seas level alrports
They are indicated on each curve by a horizontal line designated "S5 L High Temp and Low
Baromater? The intersection of thease hor:zontal linas wlth the performance curves gives tne
values that are used in the determination of dimensions for fsea levelM airports

VYalues from ohserved performance data as described above car he obtained only for Models
B, D, E, F, and H hecause of the limited amount of such data It becomes necessary to obtain the
normal operating characteristics of Models A, C, and G through the use of spread coefficients
Ag previcusly explained, thais 1s accomplished through the application of a uniform method for
somputing the ultimate cheracteristics of all models (Models A to H, inclusive} When the ulti-
nate characteristics have been determned, coefficients may be obtained for Models B, D, E, F,
ard H by diwvading the obgserved nermal characteristics by the computed ultimate characteriatlcs
A study of these coefficients leads to the determimation of spread coeff cients, which may be
applied to the comouted ultimate charasteristics of Adrplanes A, C, and G to obtain a close ap-
proximation of their normal dey-in and day-out operating characteristics

The application of spread cosfficients to ultimate performance characteristics always
will be necessary, s.nce .t 1s the only method available for determining the normal day-by-day
performance characteristics of projected or newly developed aircraft, and since 1t always mll
be necessary to determine tne sirport size requirements of such aircraft long befere their ase
hag become so general that records of day-by-day operating characteristics can be cbtained The
estimation of these coefficients for such aircraft wlll become increasingly accurste as the
number of airplanes included 1 these photographically obtained data increased

The compltations involved in obtaining the ultimate performance charscteristles of
Models A to H, inclusive, ore accomplished through & methed of tabulation (See table 7)

The application of such methods, of course, regates one of the fundamental precepts of
this study, nemely, that all of the verformance values used 1n the determnation of airpert di-
mensions should be obtained from photcgraphic records of normal day-by-day operations, rather
than from the application of aerodynamic theory  As previcucsly explained, however, the urgent
meed for immediete resilts necesgsitated the abendonmert of the ariginal progrem for obtaiming
records It 18 to be hoped that more factual dsta erentually may be obtained In the meantime,
the use of spread coefficients ylelds fairly reasorzhble results and the establishment of a
method of applylng such coefficients should prove useful for the obtaining of normal character-

1stics of new end untested airplanes

There follows an explanation of the method of tabulation
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{b) 0 ea Level Gharacteristics

The followlng is an explanaticn of the values listed in table 7 This table includes
the aerodynamic computations of the following take-off and landing characteristics

(1) Lift-Drag Ratio {gear extended) {1ine 16)
(2) Minimum Unstick Speed (Standard sea level) {line 21)
(3) Distanee to Unstick (Sea Level t = loo"Hp - 5001) {line 27)
(A% Distancs from 50' height to 100' heipght {Standard sea level) {11ine 32)
(5) Distance from Unstick te 50' height {Stamdard sea level) {line 33}
{6) Contact Speed (Standard sea level) (1line 38)

In detail then, and line for line, the values listed in table 7 were obtailned as follows

(THE AFRODYNAMICS INVOLVED ARE DISCUSSED IN APFENDIX NO 2)

Iine 1 Weight (W) — from Aircraft Specificatiors
ILine 2 Span {B) - from gircraft Specificatiens
Line 3 4Area {5) - from Aireraft Specifications
lane 4 Geometric Aspect Ratio (N = B2/S)
Line 5 Normal Rated Brake Horsepower per engine (EE[Pn) from Aircralt Specifications
Iaine 6 Normal Englne Speed (KPM) from fireraft Specifications
Iine 7  Preke Hersepower fer Take-Off (Total) (HPyp) from fireraft Specificetions
line 8  Maxamum Speed (Vy} from compiled performance data
Line 9 Propeller Coefficient

3257 [v3 %

| M
K= —[—
RPM BEP

Iine 10. Propeller Efficiency
n=Ks/( 197 + 1 124 Kg) tmo blade props n= Kg/( 20 + 1 16Kg) tnree blade
Pprops

Line 11 Parasite Drag Coefficlent {gear retracted) ch2 = 133000 BHP N/ STy

Iine 12 Parasite Drag Coefficient (gear extended) CDPl =15 GDPQ

Iine 13 Effective Aspect Ratio (gear retracted) By = N1 2 NGDPQ)

Iane 14 Effective Aspect Ratio (gear extended) Rl = N1 + 2 pp. }
1

Line 15 Iaft Drag Ratle (gear retracted) L/D2 = ( 7454 R2 / GDPz )lé‘

Iine 16 IAft Drag Ratio (gear extended) L/Dy = ( 7854 Ry / GDP]_ 1%

Line 17 Traction Coefficient g4 - 03 (assumed)
Ione 18 Thrust Horsepower for take-off THF = n BHPp
Line 19 Velocity for minimum power
W = [16,300(1/5)2 /Hzcm,z];'E
Line 20 Speed Factor K, = 90 (Normal wings) K, = 85 (Plain flaps) K, = .80
(Fowler flaps)
Iire 21 Winimum Unetick Speed ¥V, = K'u Vm:
Line 22 Initial Thrust 7y = 375 THF/AVy A = Thrust Constant A = 3 {Con-

trollable propellers) A = 5 {Fixed pitch propellers)



Iine 23 Final Thrust T2 = 375 HP/AV"+C‘E’U C = Thrust Congtant ©C = 6 (Con-

trollable propellers) ¢ = 5 (Fixed pitch propellers)

Line 241 Imtial Net Force Fq = T - uW

Iine 251 Final Net Force Fn, - T, -_%
2 2 T
Lime 26 Distance to Unstick X, = 0167 V% (Fy + Fp)/ Fy F,

Line 27» Distence tc Unstick (t = 100°F , Hy = 500'} X3 / Kgp
Epp (from nomogram figure 2)
Iine 283 Thrust at Speed for Minimum Power Tz = 375THP/AVy + CVyp

Line 291 Net Foree at Speed for Mimimum Powsr F3 = Tg - 1755

lane 30 Distance to mccelerate from ¥, to Vyp AX « 067 w/(vuP2 - V2,)F; + Fq

line 31 Distance from Wyp to 50! height A X :—I;I-i;- -

3
line 32: Distance from 5O' height to 1001 nelght AXigy yo 100y = BXsg %;i
Iine 33: Diptance from Unatick to 50' height dIﬁO = AX + AISO

Lipe 34 Distance from Unstack to 100' height AXIOO = AX 4+ dxsd" AX( 50 to 100)
Line 35 Appreach Path Ratio Proportional to L/Dl from Line 16
Line 36. Velocity for Minimum Power Vyp from line 19
Iane 37 Contact Speed Factor K; = 20 (Normal wing) K, = 70 {Plain flap)
Ko = 60 (Fowler flap)

Iine 38t Gontact Speed Yo = KCVMP

As previougly dlscussed, the maln objective in computing the coptimum performance charac-—
teriatics, as listed in table 7, is to provide a baeis for determiming the actual operating
characteristics of airplanes on which no observed data have been obtained

In view of this, 1t will be seen that 1t 1g desirable to employ a uniform method for such
computations and that thie methed should involve a large number of the physical characteristics
of emch airplane The accuracy of these computed values as compared to the characteristics that
osn be realized in actual flight tests 1s desirable but is not essentlal to this study, since 1t
is necessary to provide only an adequate hasis for comparison

{c) Determination of Requlred Rurmway lengihs. Sea level

The values computed in table 7 are combined with observed values (figures 3 to 19,
inclusive) in table 8, so that the required rurmmy lengths finally are determined for Airplanes
4 to H, Inclusive These are such as to permlit the alrplanes to roll safely to a stop in the
event of an engine failure at the point where the wheels are Just leaving the ground, and in-
volve ses level alrports under conditions of high temperature and low barometer, as previously
discussed

Referring to table 8, the obeerved wvelues were obtained from the figuree indicated at
the points where the curves intersect the horizontal lines designated as "5 L -High Temp and
Low Barometer®, as explained previcusly The assumed spread cosfficients listed on line 4 for
Mrplanea A, C, and G were determined as followe:

Sipcs these coafficlente are largely representative of the degree of pilot conservatism,



COMPUTED PERFORMANCE DATA (SEA LEVEL)

TABLE 7
Theoe data involve gtandard =ea level conditiens umless otherwlse noted
LINE TIPE PRIVATE OWNER ATRLINE
KO
ATRPLANE SYMBOL A B c D E F a H
TAKF—OFF
1 Weipht N 1040 =400 3800 [ 15500 | 13650 | 18560 | 60000 | 24400
2 Span B 36| 263 || 655 740 85 138 25 ]
3 Area 5 146 35 174 185 5 551 236 939 2157 ge7
4 Aspect Ratio N B 86| 755 780 78| &56 N g486) 915
5 Normal Arake Horsspowsr par Fnglne BHEPY 40 145 320 8OO 550 690 1150 900
6 Normal Engine Speed RPM 2540 2050 2200 2275 | 2200 2200 2200 | 2200
7 Brake Horpepower for Take—Off Total BHPT 40 145 350 1700 | 1200 1510 5600 | 2200
a Maxlmum Spesd Vo 93 135 185 220 200 210 227 b}
9 Propeller Cosfficient Kg 17 278 374 | 362 3356| 254 | 3,38] 338
10 Propeller Eflficiency 7 D A0 0 B40(0B5L | OB24 |0 424 | 0BO8 | 082210 822
1 Paraslte Drag Coefficient (Gear Retrmcted) cnpz 00299 [0 018 0 0171 |0 0199 jo 0197
12 Parasaite Drag Coefflelent (Qear Exterded) Copl C 0364 |0 0376 [0 DI0B |0 D449 | O 027 |0 0256 |0 0299 10 0296
12 Fffective Aspect Ratlo (Gear Retracted) R2 531 530 610 6355 673
14 Effective Aspect Ratio (Gear Extended) Rl 538 482 525 459 485 552 5 BO| 592
15 Lift Irag Ratlo (Qear Retracted) L/D2 11 80|15 20|16 80 | 16 10 16 40
16 1Aft Drag Ratle {Qear Extended) /71 10 80| 10 05| 11 50 896111 80|13 00 | 12 40 12 50
17 Tractlon Goeffielent H o3| oozl oo3 003| 003 003 003 003
18 Thrust Horsepower THP 322 122 298 1400 990 | 1220 4660 [ 1810
19 Spoed for Minlmm Powsr Vmp 455 &5 0| 810 95 0| B25| 885 99 5| 93 5
20 Spead Factor Kg 090 a8s| oes 080 090| 085 08| 035
21 Mimumm OUnstick Speed o 1 0l 553 68 9 76 0 T4 5 75 5 B84 5 795
22 Tnitial Thrust T 259 [2hn] 1210 7970 6200 7260 25200 | 10500
n Final Thrust T2 1R1 480 Bdo 4710 | 3550 4225 | L4500| 6040
2L Initial Force F 228 608 | 1096 7505 | 5790 6704 | 23400 9770
25 Final Force F2 By 241 550 2980 | 2400 2800 9650 | 4090
26 Tstance to Onatick 11 473 710 320 700 745 S35 1050 g95
27 Distance to Unstick (5ea Level T = 100° Hp+500')#| Xi/Epp 945 17 945 785 833 1043 11731 1001
CLOM
28 Thrust at Speed for Minimum Power T 175 458 840 4260 | 3390| 3950 [ 13500| 5620
2 Net Force Speed for Mimmum Powar x| e perie] 510 2950 | 2490 2850 9770 4130
30 Istance Required for Acceleration from Vi to vmp | AX 165 410 436 570 235 470 572 482
31 Distance from ¥yp to 50' Height AXen eb0| 548 373 262 274 3% o7 296
3z Instance from 507 Height to 100' Helght 43100 060 548 373 262 274 325 307 296
33 Distance from Unstick to 50' Height x50 825 958 309 832 509 795 879 778
34 Dietanee from Unatiek to 100' Helght X100 1485 1s06| 1182 1094 783 | 1120 1186 | 1054
APPROACH AND LANDING
35 Approach Path Ratio L/D1 10 80| 10 05] 11 50 g9|11 82 130 12 4 125
36 Speed for Minimum Power Vmp 45 5| 65 0 8L0 95 0| B825| 835 95| 935
37 Contact Speed Factor Er 08p] 070 Q70 oe0| oan| o070 0 70| 070
38 Contact Speed Yo 36 4| 45 5| 565 570 0| 620 695 655

#0perating Condltlons at Sea Level aro Aasumed to Include a Temperature of 100° F and a Freasure Altitude of 500
In thia Case Epp for Unsupercharged Engines =0 B67 and for

This Results in an Agsumed Denslty Altitude of 32007
Supercharged Engines — G894

e
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1t was necessary to conslder the genmeral flylng characteristics of the aircraft in eatimating
them In other words, 1t was assumad that airplanes of llke flying characteristics would have
nearly the same spread coefficients

In the case of Airplane A, which is of the low-powerad private cwner type, the only
comparable airplane wep Ajirplane E, which 13 of the airline type, as these are the only models
in the group which are not equipped with flaps Tne coefficient for unstick speed for Airplane
E 15 1 15, which 18 quite low c¢compared to the others  However, since pilot conservatism was as-
sumed to Increase with airplane slze, an increase in this value for Airplane A did not appear to
be juetified On the other hamd, since Airplane E has the reputation of having reasomably safe
flyang chaeracterietics at speeds near the stall, a decrease in this value for Airplane A did not
appear to be justified either

In the cases of Alrplanes C and G, the values of spread coefficlents listed average
fairly clesely wlith the observed values for Airplanes B, D, F, and H. Special consideration
was siven to the estimation of the coefficient for unatick distance for Adrplane G It was felt
that since this airplane was equipped wath a tricycle landing gear, the distance from start to
unatick would be relatively shorter than for airline aircraft equipped witn conventional gear
4 coefficlent of 2 13 appears to be reasomable

In using figure 19 to determne the values listed on line 6, 1t 13 important to note
that the upper curve determines grourd roll distances for Alrplanes D oni G, while the lower
curve 15 uded tc obtain these distances for Airplanes A, B3, C, E, F, and H

The values listed on lines 2 and B were cbtained from the 1ndicated figures at the
interseciion of the curves with the Meffective geam level® line

The assumed spread coefficients listed on line 10 for Ailrplares A and C were estimated
on the assumption that the degree of pllot conservatism increnses with the size of the airplane

(d) petermpnation of Normal Take-Off and Climb Characteristics, Sea Level

The values listed in tables 7 and 8 are combined with observed values (figures 3 to 19,
inclusave) in table 9 to obtain normal operating distances from start to unstick to 50 feet
height and teo 100 feet height The climb path ratlo from 50 feet height to 10G feet height also
19 determined

Referring to table 5, the values llsted on lines 2 and 3 again are chtained frem the 1in-
dicated curves for operation at effective sea level

In estimating values of spread coefiicients listed on lines 8§ and 12 for Airplanes A, B,
and G, it agmin 15 assumed that the piloting techmique will bescome 1ncreasingly conservative as

the size of the airplane increases

() Determmnation of Normal Approach and Ground Rell Characteristics — Sea Level

T™e values lasted 1n table 7 are combined with observed values (figures 3 to 19, inelu—
s1ve) in table 10 to obtain normal operating distances from 100 feet neight to stop, 50 feet
height to stop, and from contact to ateop

Rafarring to table 10, the spread coefficients listed on line 4 for Airplanes A, C, D,
F, and G wers estimated It 15 believed that these are reascnably consistent with the coeffi-
cients based upon observed values for Airplenes B, E, and H

The estimated spread coefficients listed on lins 12, for Alrplanes A, G, F, and G again
are based on the assumption that the actual landing speeds will be closer to the stalling speeds
where tha smaller mirplanes are concerned

A fair average wvalue was assumned for the gpread coefficients listed on line 17

(f) Discussion of Method for Determiming Normal Sea Level Characteristles

The normal day-by-day performance characterist.cs finally determined and listed 1n tables
8, 9, ard 10, involve ruway lengths, take-off paths, ana landing paths for Airplemes 4 to H,
inclusive, as normzlly operated from airports geographlcally located at sea level, but involving
the assumption of a temperature of 100°F together with a barometric pressure such that the pres-
gure altitude 1s 500 feet above the geograrhicai altaitude

In revaieming the data listed in these tables 1t 15 important to consider the magnitudes
of the varicus spread coefflcients, as determimed from chserved performance characteristica As
noted 1n the tables, the apparent magnitudes cf these coefflcients are exmggeratsd in that the



RUNWAY LENGTHS (SEA LEVEL)

{ ATRCRAFT)
TAELE 8
TIPE PRIVATE OWNER ATRLTNER
ATRPLANE A B C D E F a H
LINE
ND UNSTICK SPEEDS H
1 Computed Optimm Unstick Speed {Tabie 7, Line 21) (Vy) 10| 553 | 689 7.0 | 4.5 | 55 | 845 M5
2 Observed Normal Unstdck Spsed (From Curves — Figs 5’, 6, 9, 12, L4+ 69 8 965 | 855 | 925 99 5
3 Spread Coefficients Based on Observed Actuals 126 127 115 | 1.23 125
4 Spread Coefficlenls - Assumed 115 126|125 127|115 123 125 125
5 Formal Unstick Speed Computed & Observed (Vpg)= 472 698 BA 1 965 | B55 | 925 (105 6| 99 5
DISTANCES
6 Dlstance to Stop from (Vya) (From Curve Flg 19 & Iane 5) (S)# 1090 | 1700 | 2200 2220 | 2180 | 2400 | 2490 [ 2630
7 Comruted Optdmum Unstick Distance (Table 7 Line 26) (W) 473 710 820 700 745 935 | 1050 895
8 Observed Normal Unstick Distance (From Curves Fige 5, 8, 11, 13, 17)+ 1140 1500 | 1620 | 2050 2250
9 spread Coefflcients Based on Observed Actuals 161 214 | 217 | 219 2 51
10 Spread Coeffleients - Assumed 150 161 173 2| 217219 213 (| 251
11 Normal Unstick Distance - Computed and Obgserved (Uy)» 710 | 1140 | 1419 | 1500 | 1620 | 2050 | 2235 | 2250
12 Required Punway Length (Lime 6+ Line 11) (R)* 1800 | 2840 | 3619 3720 | 3800 | 4450 | 4725 | 4880

These data Involve Standard Sea Level Comditions Unleas Otherwise Noted

#0perating Corditiems at Sea Level are Assumed to Inelude s Temperature of 100° F and a Pressure altituds of 5007
This results in an Assumed Density Altitude of 32007 In thus Case Epp for Unsupercharged Engines -0.867 and for Supsrcharged

Engines =0 89/

The Magnitude of the Spread Coeffieients 1s Exsggerated due to the fact that they Involve a Comparison of Obeerved data Obtained
at a Denmty Altltoude of 3200' with Camputed Ultimate Performance Characteristica which Involve Standard Sea Level Conditlions

%



NOHRMAL TAKE-OFF AND CLIMB CHARACTERISTICS (SEa LEVEL)

TABLE 9
LINE TYFF PRIVATE OWNER ATRLINE
NO
IRPLANE A B C D E F G H
1 Observed Normal Distance from Stsrt to Unstlck #(Table 8 Iane B) 1140 1500 | 1620 | 2050 2250
2 Observed Normal Tnstance from Start to 50' Height #(rigs 5, 8, 11, 13, 17) 2310 4070 | 3B0C| 480C 5050
3 Observed Normal Distance from Start to 100' Height #(Figs 5, 8, 11, 13, 17) 3080 5200 | 5000 &200 6450
4 Observed Normal Di.tance from Unstick to 50' Helght #(line 2 - lane 1) 1170 2570 | 2180| 2750 2800
5 Observed Normal Dnstance from 50' to 100! Height #(Tine 3 - Line 2) 70 1130 1200 1400 1400
é computed Optimum [ stence from Unstick to 50' Hesight (Table 7 Line 33) g 25 958 409 832 509 795 | 879 | T8
7 spread Cosffi.ient Based cn Cbserved Values 122 309 | 428|346 3 60
8 Spread Coefflcient Assumed 110|122 25| 309 4283 46)350]|3 €0
g Normal Distance from Unstick to 50' (Computed & Observed)# Q07 [ 1170 2020 | 2570 80| 2750 | 3075 | 2800
10 computed Optimum Iistance from 50' to 100' (Table 7 Line 12) 660 548 373 262 274 325 | 307 296
11 Spread Coefficient Based on Observed Values 141 4 31| 4 3B 4 32 475
12 Spread Coefficlent Assumed 120 14 30 431 4381 4324351475
13 Normal Distance from 50' to 100' (Computed & Observed)# 91 770 1120 [ 1130 | 1200| 1400| 1335 | 1400
14 Normal Distance from Start to Unstick (Teble B Line 11} 710 | 1140 | 1419 | 1500 | 1620 2050 | 2235 | 2250
15 Normal Dlstance from Start to 50' Helght (Iine 9+ Iane 14)x 1617 | 2310 | 3439 | 4070 | 3800 4800 | 5310 6450
16 Normal Dnstance from Start to 100" Height (Laine 13+ Line 15)% 2408 | 3080 | 4559 | 5200 | 5000| 6200 66451 5050
17 flimb Fath Ratio (50' to 100') (Idne 13/50)% 15 80 (15 40 |22.40 122,60 | 24 00|28 00|26 70 (28 ©O
These data involve standard sea level conditions unless otherwlse noted
#0perating conditicns at sea level are assumed to include & temperature of 100° F and a pressure altitude of 5007 Thie results

1in an assumed density altatude of 3200! In this case Epp for unsupercherged engines —0.867 and for unsupercharged enginea =0 B94

The wegnltude of the spread coefflelents 1s exeggerated due to the fact that they involve a comparlson of observed data, obtained
at a densaty altatude of 320C', with computed ultlmate performance characteristics which involve stamdard sea level conditions.




NORMAT, APPROACH & GROUND ROLL CHARACTERTSTICS (SEA LEVEL)

ATRCRAFT
TABLE 10
TYFE PRIVATE OWNER A
NO ATRFLANE A B G D E F G i H
1 Minimum Computed Approach Path Ratle (I/D Max } (Table 7 Idne 16) 10811005 |11 50(8.96 (118|130 | 12 4 |125| 125
2 Nermal Approach Path Ratio (100! to Contact) Observed (Flg 186) 17 5 22 5 20| 500
3 Spread Ceefficient Pased on Observed Values 1 74 180 1.92 4 0
A Spread Coefficient (Assumed) 170 174 | 17019019 |190 | 190 (192 40
5 Normal Approach Path Ratio (Computed & Obaerved) 184 | 175 [ 195|170 |25 (247 | 236|240 500
6 Normal Dnastance frem 100' to Contact {Computed & Observed) (Lime 5 x 100) [ 1840 | 2750 | 1950 | 1700 [ 2250 | 2470 | 2360 | 2400 | 3000
7 speed for Min FPower (Table 7 Line 19) ¥ 455 | 650 | BLO|95 0825 (885 | 9951935 93 5
g Speed Factor (For Contact) (Table 7 ijmg'?) Ke oBO|O0O7W|0o7|06|0BO|070] 07|07 070
9 Mrnimim Computed Landing Speed {Line 7 x Line E) 64| 455 | 567570660 (620 696|655 655
10 Normal Landing Speed Observed (At Hp = 32000) #(Figs 4, 7, 10, 15, 16) 62 3 B3 5|825 945 (1100
11 Spread Coefficient (Based on Observed Values) 137 147,125 144 | 168
12 Spread Cosfficlent (Agsumed) 125 | 137 | 1401473125 |245 | 145 (144 168
13 ¥ormal Lending Speed (Computed & Cbserved) Vems 455 | 623 | 79.4(B3 5825 (900|101 0|9 5 (1100
14 Distance from (Y¥en) to Stop (From Curve, Fig 19)% 1050 | 1490 | 1990 | 1850 | 209C | 2320 | 2360 (2460 | 2960
15 Observed Actual Approach Path Ratio 100' to 50' (Fg 1B) 12 0 15 0 15 0 |43 00
16 Spread Coefficient Based on QObserved Values 120 127 120 3 44
17 Spread Coefficient Assumed 122 120 122122127122 122 |1 20| 3 44
14 Normal Approach Path Ratic 100" to 50' (Computed & Observed) 132|120 | 14.0]109(15 0159 ] 151 |15 0 4300
19 Normal Plstance 100' to 50' (Computed & Observed) {Iine 18 x 50) 660 600 TO0 ) 545 | 750 795 755 | 750 | 2150
20 Normal Dlstance 100' to Stop (Iine 6+ Line 14)+ 2890 | 3240 | 39401 3550 | 4340 | 4790 | 4720 | 4B6O [ 79€0
21 Normal Distance 50' to Stop (Lirme 20 - Iine 19)+ 2230 | 2640 | 3240 | 3065 | 3590 | 3995 | 3965 | 4110 | 5Bl
22 Normal Distance Contact to Stop (From Lane 14)# 1050 | 1490 | 1990 ) 1850 | 2090 | 2320 | 2360 | 2460 | 2960
These data involve standard sea level conditaons unless otherwise noted
#Operating conditions at sea level are assumed to include a temperature of 100° F and & pressure saltitude of 5001 Thia resgults

in an assumed dersity altitude of 3200¢ Tn this case KDP for unsupercharged engines -0 867 and for supercharged englnes =0 894

+* Line 14 Use upper curve of Fig 19

The magnitude of the spread coefficients 1s exaggerated dus to the faect that they involve a comparison of obgerved data, ohtained
at a denslty altitude of 3200', with computed ultimate performance characteristiecs which zmvolve standard sea level conditlons

sz
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computed data involve values that would bs realized under standard sea level conditions, whereas
the ohserved wvalues were realized at a density altitude of 3,200 feet which results at sea ievel
when a temperature of 100°F together with a barometric altitude of 500 feet mre assumed Ianes
7 and 11 of table § indicate that during the initial climb to 100 feet helght and under adverss
conditions, these alrereft actually travel more than four times the distance that would be re-
quired to attaln this nelght 1f the airplanes were operated 80 as to reallze their optimum per-
formance at atandard sea level Lines 3, 11, and 16 of table 10 indicate that the landing char-
acteriptics are nearly as conservative as the take-off{ characteristica

As discussed previously in this report, an appreciable divergence 1s to be expected
between the optimm performance characteristice and the performmnce characteristics realized in
regularly scheduled flying The magnltude of this divergence, however, is rather startling and
indicates a posalbility of safely realizing more fevorable performance characteriatics under nor—
mal operating conditions Thus, improved stalling characteristics and improved directional sta—
bllity charsateristics, with one englne inoperative, would undeubtedly result in better operating
performance without any sacrifice an safety It 1s possible glso that, even for existing air-
craft, better performance safely could be realized It 1s believed, however, that the actual
charactoristics listed in tables 8, 9, and 10 constitute a felr indication of exlating conditions,
and that they ghould be used in the determination of airport dimeneions until it can be estab—
lished that improved performance 13 being realized safely in daily operation of these alrcraft

(g) Normal Flight Paths - 3em level

The determination of flight path characteristics for the elight airplames included in
this study, aa realized 1n normal flying aperations at sea lewel airports, 1s accompliahed by
the application of the data listed in the foregoing tables 9 and 10 These are presented in
the following flpgure 21 which shows curves of distance agalnat height including the distances
from gtart to unstick toc 100 feet height, and from 100 feet height to contact to stop  Thus,
lines 14, 15, and 16 of table G include the data from which the take—off characteristics are
plotted, while lines 20, 21, and 22 of table 10 list the velues which were employed in the plet-
ting of the landing characteristice

Ag previously noted, the data invelving take—offs include only the distances from start
to unetick, to 50 feet height, and to 100 feet helght The landing data include only distances
te atop from 100 feet height, from 50 feet helght, and from contact Curves plotted from such
data can show only a general picture of the performance to be expected, and cannot show every
varlation 1n flight path  Such refinement, however, is not belleved to be warranted in view of
the mwany indeterminate variables which aflfect the day-by-day opersting characteristica 1In plot-
ting these curves, 1t 1s assumed thet the flare wlill be completed below 50 feet and that above
thia height the flight path will be straignt

The plotting of the take—off and landing flight patns 1or eny alrplane immedimtely
provides a bagis which may be used to determine its "full-power® runway length requirements and
its obstacle zonlng requirezents Thusg, 1f the take-off 18 the more critical cendition rather
than the landing, & straight line may be drawn which has the same slope ms the straight portion
of the take-off flipght path btut which is located at a reasonable distance below the flight path
Obstacles, of course, should not preject above this lame It follows that the obstacle zoning
ratioc for this airplane is equal to the slope of this line, and that the ¥full-power? rumway
length for this airplane may be taken as the distance from the start of the take-off tc the peint
where this line intersects the grouwxd The sxpression ®full-power rumay length® means that such
lengthse do nct involve the consideration of a possible loas of power during the take—off Paving
conaiderations are discussed in part (e) of appendix #3

2  Determination of Dimensional 3tandards for Airports

(e) Sa vel: The solid lines in the foregolng figure 21 show the flight paths for
each of the eight airplanes included in this study. Four obstacle boundary lines are presented
to Indicate the ohstacle zoning requirements for each of the four classes of alrports and are
shown dotted In locating these lines, 1t 18 asspumed that eirporte may be grouped in four
genaral clagpes accerding to the type of aircraft that safely can b accomedated

Since Alrplane A 13 one of the lowest powered private owner types of aircraft, its per-
formance characteristicas as listed in tables 8, 9, and 10, and as shown in figure 21, are used
for determining the safe runway length and obstacle zoning requiremente of Class I sirports on
8 gimilar tasis, the characteristlcs of Alrplanes ¢ and H are employed to determine the dimen-
sions for Class IV airports Rurway lengths and obatacle zoning ratios for Clams II and ITI
airports are determined arbitrarily in such s manner as to result in equal lnorements in the
requirements for the four classes of alrports

In determining the dimensional requirements for Clasy I and Clage IV airports, one perti-
nent fact is particularly outstandings
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For both of these classes, obstacle boundary lines which provide reasonable
clesrances below the flight paths of the erltical ailrplanes, intersect the grourd
at a point such that the resulting "full-power" rumay length requirements are
exactly equal to the rurmwsy lengtha as determined on line 12 of table 8, which in
turn were determined through the application of the criterion that rurmways should
be long enough to permit aireraft to roll safely to a2 stop in the event of an
engine failure durlng the take—off at the point where the wheels are just leaving
the ground

T1s 18 most important since it indicates that for any claas of mirport the applicatlon
of eithar of the two independent and fundemental methods result in identical rursmy length re-
quirements

With reference to line 12 of table 8, the rurmay length for Class I mirports, as deter-
mined by the requlirements for Airplane A, is 1,300 feet  The requirements for Airplanes 0 and H
indicate that Class IV airports should have rurways 4,800 feet long Equal divasion of the daf-
ference between 4,B0C fest and 1,800 feet results in & rurmay length for Class II eirports of
2,B0C feet and for Clasa IIT airports of 3,800 feet  These distances are indicated on figurs 21
hy the positiona of the Roman numerals and ere the starting peints for the cbstacle zoning lirmea
for each elass of airport As previously discussed, the slope of each of these lines is deter—
mined through comsideration of the slopes of the climb and approach paths of Airplanes A to H,
1nclusive  Again, the characteristics of Airplane A are critical for Claas I airports and the
characteristics of Airplanes G and H determine the requirements for Class IV sirportse It
appears alsc from figure 21 that, in general, the climbing characteristies are more critlecal than
the approach characteristics The climbing path ratlos for each airplane are listed on lane 17
of table 9 Thus, Airplane A has a climbing ratio of 15 8CQ and Airplanes G and H have ratlos
of 26 70 and 28 OC respectively  The dotted line which indicates the limts of obstacle heights
for Class I airporta has & slope of 13 OO The correspending line for Class IV airports has a
glope of 28 00 The intermediate lines have slopes of 18 00 for Glass II airports and 23 00 for
Class III airports Wnere radio instrument landing systems are used, an obstacle zoning ratie
of 43 00 15 indicated by the flight path

It will be noted tast the obstacle zoning lines for Class IV airports mll limt cbstacle
heights so as to provade adequate clearances for Airplanes F, G, and H, that the zoming line for
Slasg III airports will provade for the safe operation of Airplanes C, E, and D, and that Claas
II airports are adequate for the safe oparation of Airplane B The zon.ng lime for Claas I air-
ports, 1f extended, will aintersect the climb path of Airplane A at a height of 350 feet and at a
distance of 6,300 feet from the start of the take-cff In terms of actusl flying technique, the
above 1ndicates that a pilot taking off in an airplane having the characteristics of Airplane A
would be obliged to change h:3 direction within a distance of 1-1/5 miles from the start if
obstacle heights were limited by the zoning line for Class I airports  This does not seem un-
reasonable i1n view of the fact that Class I airports should net %e requlred to provade far
"blind" weather conditions  Such reascning has not been applied to airlime aircraft, since
"blind® take-offs and landings of these airplanes are not uncommen

The obstacle boundary lines for Class I and Class IV airports which intersect the ground
at the 1,80C and 4,d00 feet runway lengths are at a reasonable distance below the flight paths
of the critical airplanes A, G, and H 1In normal cperatien these airplanes will clear safely
any cbatacles, the heigats of which are limited by those lines It 15 believed that the indi-
cated clearance 1s no more than adegquate In other words, runway lengths, as determined on line
12 of table 8, which involve the consideration of possible engine failure during the take-off,
are no greatar than rurway lengths as determined through analysis of the normal flight paths of
these airplanes which does not i1nvolve any consideration of rossible engane failure or loss of
power

Sea level runmay lengths and obstacle zoming ratio requurements, as shown on figure 21,
are gummarized in the followlng table 11

ThBLE 11

RUNWAY LENCGTHS AND OBSTACLE ZONING RATIOS FCR
ATRPORTS GEOGRATHICALLY LOCATED AT SEA IEVEL

Class of Alrvort Rurmey Length Cbstacle Zoning Ratic
Class I 1,800 13
Glass I1 2,800 18
Cless I1I 3,800 23
Class IV 4,800 28

For Radio Instrurent Lending Systema 43
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The determination of adequate widths of cleared arems on either side of the rurmways hes
been discussed in detail on page 12 of this report Ae concluded in that discussion, thers are
very little data avallable from which an adequate determination of this ilmportant dimension can
be renlized, except that on large airports a minimum distence of 600 feet should be provided be-
tween the center lines of any two parallel rurways, from the center line of any rurmay to the
boundary of the airport, and from the center line of any rwmay to any cbstacle that mght ag—
gravate the damage or injuries sustained 1n an accldent resulting from an uncontrolled swerving
from the teke-off or landing path It also would seem reasonable that thls dimension should be
reduced in the case of smaller alrports In a purely arbitrary manner, the following dimesnsions
are suggested.

For Class I Airports - 150 feet For Glass III Alrporta - 450 feet
For Clasa II Airperts - 300 feet For Class IV Alirports - 600 feet

The maneuvers necesaltating such dimensions are unaffected by altl tude

The use of any class of airport by aircraft which normally would operate out of a higher
clzsa airport would seem to be necessary under emergency conditions  The flight paths shown in
figure 21 involve both normal operating technique and unfaveorable meteorologlcal conditions

Since, in an emergency, amy of the airplanes included in this study can be operated so as
to realize performance characteristics that are better than are indlcatsd by the curves ghown in
figure 21, it w11l be sSeen that a Claaa II eirplane (Adrplane B) could get in or out of a Claps I
airport, that Class III airplanes (Airplanes C, E, and D) could, in an emsrgency, use a Class IT
alrport, and finally that Class IV alrplanes could use a Class JII alrport

{b) Effect of Altitude Rurmmy lengths and obsetacle zonlng ratios which are adequate
for the safe operation of alrcraft at airports geographically located at sea level are listed in
the foregoing Table 11 for Class I, II, III, and IV airports These have been determined frem
obeerved data The effect of altitude on these dimensions i3 determaned through the application
of merodynamic theory in the following mannsr

(1} Puwmy Iengths

The effect of altituds on runmay lengths will be considered firat It will be
notad tnat rumway lengths are determined as the sum of two distances: firat,

the distance (U) required for the airplane to attain unstick speed (Vy), and
second, the distance (S) required for the airplane %o rcll to a atop after
having attained this apeed Consldering esch of these distances separately then,

U, = U, ITD]? (1)
Where Uy = Unstick Distance at Altitude (H)

g Unstick Distance at Sea Level

Epp is determined from Figure 2

Also since the grournd roll varles ms the aguare of the centact speed, the followlng
expression for distance from,(VU) to stop may be written:

ol

5; = S5, x v, (2)

Wnere S, - Stopping Distamce at Altitude (H)
3, = Stopping Distance at See Level
¥y = Unstick Speed at Altitude §:9)]
Wiy = Unstick Speed at Sem Level

Mote As indicated oy the criterion for rurmay lengthse, the unatick and contact spseds 1n thia

cage are identical
i P

Where ]/-%~ is obtalned from Figure 1
°
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Therefore Sy = 5 (4)
Y
As noted above, the rumway length = Rgp = Uy + Sp (5)

Substituting from equationa (1) and {4) into equation {5)

= Uo gy . (6}

+ p— N
313 )
: o,

From inspection of table 8 (lines 6, 11, and 12) 1t will be noted that, as an aversgs for
a8ll eight alrplanses, the unstick distance 1s approximately 4 of the rurmmay length, and that the
gtopping distance 18 6 of the rurmmay length,

ar, UD = 4 RO and SO = .6 RO

Substituting into equation (6),

RH=—9+—O- (7)

Bt + & (8)
°(DP t+ %D
+ £

For convenience, the expression (; 4

ar, RH

o 7

may be designated as F_ (9)

Accordingly, Ry = Ro Fa (10)

(2) Obatacle Zoning Ratlos

The effect of mltatude on obstacle zZonlng ratlos is determined as follows:

Obstacle Zoning Ratio - Distance
Height
or, 2 = X {11)
T
now, XH = XO (12)
Fpp

and, ¥T; = T, (13)
where 7 - Obstacle goning ratio

I, = Distance at altatude (Rr)

X . - Distance at sea lavel

Yy = Corresponding height at altitude (H)

Y - Correspording height at gea level

now, 2y = ‘}ri (14)
H

Substituting equations (12) and (13) 1mto equation (14}t



Therefore, Zy =_§[g_ .. e . (15)
P

Equations (9), (10), and (15) may be applied to determine the varimtion in rumway lengths
end obstacle zoning ratlos due to changes in geographical altitude. Thls 15 mocomplished in
tables 12 ard 13 as follows:

Table 12 includes computations for determining F, (Correctad) and lﬂ:DP (Corrected) at

geographleoal altitudes from sea level to 10,000 feet  Two values of esch of these multlplylng
factore are listed for sach altitude The first invelves alrcraft equipped with unsupercharged
engines, while the second involves supercherging It again ie assumed that at each geographical
altituie the temperaturs may be 100°F , and the barometric pressure may be such that the preseure
altltude 135 500 feet above the goographical aititude Complete explamstlons mre included on the
same sheet with table 12,

The multiplylng factors listed in c¢plumns 14 to 17, inclusive, of table 12 are applied
in table 13 to sea level values of rummay lengths arxd obstacls zonlng ratios of Class I, II, III,
arel IV airports to determins the effect of changes in geographical altitude of thase dimensions.
Explanations also are included on the same sheet with table 13

The rummay lengths 1isted 1n columne &6, 7, 8, and 9 of table 13 arse plotted on figure 22
The obstacle zoning ratio data listed in columns 10, 11, 12, and 13, are plotted on figure 23
In examining figures 22 and 23, it will be noted that the curvea involving the dimenaions of
Class IV airports are not continued above ths altitudes where they intsrsect the curves for Class
ITI airports. Above these altitudes, the dimensions of both Class ITI and Clsss IV airportsa are
determined from the curves for Class IIT alrports This 1s because unsupercharged airplanss,
having performance character:stics which permit them to operate out of Class IIT sirports, may be
expacted to cperate out of Clasa IV mirports, regardlees of mltitude It 15 necessary, therefors,
to provide dimensions adequate for the safe operation of these airplenes at both Class III and
Clasg IV airports With psrtioular reference to figmre 23, 1t wlll be noted that the obatacle
zoning ratios which safely will permit inetrument landinge are represented by & vertical lina,
since inetrument landing appreach path ratios are unaffected by altitude, as has been diascuased
previcusly 1n thls report Obstacle zoning ratles are determined entirely from the climb path
charapteristics, except in the cese of instrument landings, as may be seen from inepsctlon of
figure 20

3. Correlation of the Performance Characteristics of any Alrplane with Any Alrport

An analyvels of the dats previously discussed indicates that tnere are two possible
methods for correlating the performance characterlstics of any airplane mith any alrport  Thess
are.

Mothod {a) Threugh d.rect analysis of the observed data involving normal
operating characteristics

Method {b) Through application of spread coefficients to the ultimate per—

formance characteristics to obtain normal operating characteristics
The ultimate characteristics may be determined by a standard method
of computation or obtained frem carefully controlled flight tests

The above methods are discussed further and are illustrated es Follows:

Method (a} The correlation of the performance characteristice of any airplane wlth the
elze of any airport preferably should be attained entirely through the use of factusl data  Thus,
observed perfeormance data involving take—offs and landings at various altitudes should invelve
the feffective® altitude of the airport in question, and the meteorological data obtalned st that
girport, should be adequate te establish this Beffective® altitude, as previously discussed

Had 1t been pcasible te complete the original program for thls project, the effect of
altitude on rumay lengths and obstacle zoming requirements for the elght alrplanes included in
thie study would have been determined completely from factual data To 1llumwtrate the application
of Method (2), however, such data as mre evailable are used to obtaln correletioms of observed
performance characterigtics with sirport dimensions for three actusl airports whers metecrologi—
cal data have besn ohtalned for a period of two seasonal cycles

Table 41 (appendix #4) includes meteorological data invelving the airports at Burbanlc,
Califeornia, at Cheyenne, Wyomng, and at Salt Lake City, Utah  These are plotted cn flgure 20.
The horlzontal lines Indicate the maximum density altitudes and the correspording maximm pres-
gure altitudes which must be considered in correlating performance characteristics of aircraft
wlth the dimensions of these airports.

Thus, through the use of thess values for (Hj) and (Hp) together with the nomogram on
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6000 6500 10450 n 128 L824 | 0472 o 0 [V 0 571 1671 L 39a 2 119 1 429 1491 1 260 1 436 1276
7000 7500 11651 0 701 0856 | 0473 U 671 U 940 % 596 1 %3z 1452 304 1493 1 60y 1 512 2 UG 1 330
8000 8500 12850 0 644 U EIG | D 380 SV 15! r G20 1 U3 110 £ 61 1 550 1723 1 364 2 280 1 384
G000 950U 14000 N G50 0923 | 034N G 618 1176 [T 799 1 570 7941 1 618 1 272 1 418 7549 1 445
1000 10500 15250 0 62 o 962 | 0 303 59} 1 420 1 675 7 287 by 4oon 1 636 2 a6 1479 2 360 1 505
NOT¥
column 2 Tt 19 aysumed that low barcmetric presmircs can eri-t at an  ailrport such trat the pressore altitude is 500 feet hicher
than the eecpranhleal altitude
Column 3 Denslty altitude is oklained throupt ure of tne nomegram (Fig 1) u-!ng values of (Hp) listed in Column 2 and  ssuming
tnat 1 temperature of 100° ¥ can exist 1t an -arport
Column 4 The denosiiy, ralio 15 obtained from the values of (Ilh] 1.cted in rolumn * througt uee of tables of standarl atnoe pherae
cnaracterigtles or Leom Flp 1
Column O Fpp 12 obla ned threugh use of the nomugram (vig J, invelving botk .nsupurcharged ind supcicha.ged engines
& 7
Calumn 6
v & 11y tg = LIETP b 5
N
Column 14, The values listed in these columns are oblained irom the correspending valne lisied in Cclamns 10 te 13, anclu ave,
15, 16, by dividing each of thcue valuew by the value .isted fox zerc geographical altltude
& 1h

Runwey length et altitude = (ues level rumnway length) x Fy

Ubstacle zening ratlo at aliiiude o {Sea level cbatacle zoning ratic’ « l/’KDp

r



ATRPORT RONWAY LENGTHS AND OBSTACLE ZONING RATIOS
V5 GEOGRAPHICAL ALTITULE

TABLE 13
1 2 3 T 3 v [ s ] 9 10 n | 12 13
GEOG Fga (Corr } 1/Fpp (Corr ) Runway Lengths (R) Obstacle Zoning Ratios (Z)
ALTT TUDE
Unsup Sup Unsup Sup Class T Class TI |Class III | Clas. IV | Class I Class II Class ITT Class IV
"ooup Unsup Unsup Sup Unsup Unsup Unsup Sup
0 1 000 1 000 1 000 1 000 1800 2800 FR00 4,800 13 00 1B 00 23 00 28 00
1000 1064 |1 039 1104 | 10329 1915 2979 4043 4587 14 35 19 87 25 39 2G 09
2000 1136 |1 080 1220 | 1 085 2045 3181 4317 5184, 15 86 21 96 28 06 30 38
3000 1212 1121 1352 | 1120 232 3394 4E06 5381 17 58 24 34 3110 31 61
4000 1300 11 166 1499 | 1178 2340 640 4940 5597 19 49 27 00 34 48 32 90 ¢
5000 1392 |1 212 169 | 1224 2506 3598 5290 5818 21 57 29 87 38 16 24 27 %
6000 1491 |1 260 1836|1276 2684 4175 5666 6044 23 87 33 05 42 23 35 73 =
7000 1607 |1 312 2049 |1 330 28973 4500 6107 6298 26 64, 16 88 47 13 37 24
8000 1733 |1 364 2 280 1 384 319 4852 6585 6547 % Sl ¥A 41 D4 52 4l 38 75 =
3000 1872 | 1418 2 549 | 1 445 3370 5242 714 6306 x 23 14 45 88 58 63 40 46 &
10000 2036 | 1479 2 B60 | 1505 3665 5701 737 7099 & 37 18 51 48 &5 78 42 14 »
ROTE

Columns 2, 3, 4, and
The sea level values listed in Columns b, 7, 8, and @ were obtsined from Table 11
Tre sea level values liated in Columns

The remsimng values listed in Columns

5 are duplicates of Columns 14, 15, 16, end 17 as listed 1o Tably 12

miltiplying factors listed in Columns 2, 3, 4, and 5

Runvay length at altitude = {Sea level runway lemgth) x Fy

Cbstacle Zoning Ratic at altatude = {Sea level cbatacle zoning Ratle) x 1/Kpp

10, 11, 12, and 13 were obtamined from Table 11

6 to 13, 1nelusive, were obtained by multiplying the sea level values by the

Since approach path chareeteriatlcs are not affected by altitude, omly obstacle zoning ratios which are
governed by the climb path characteristics nsed be compensated for change in altitude as 1lsted above

# Less than for Class IIT (5ee Page 30)
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figure 2 and the curves shown on flgures 3 to 19 inclusgive, the performance characteristlcs of
Alrplanes B, D, E, F, and H are correlated with the dimensions of the airports at Burbank,
California, Salt Lake Cit,, Utah, and Cheyemne, Wyoming, insofar as the observed data permit
This 13 eccomplished on table 14

Method (b)  The necessity for developing Method (b) ariges from the fact that Mathod (a)
cannot be employed until a large number of performance data Involving day-by-day operaticns at
various airports and at varlous altitudes have been obtained Thls in turn 1imlts the application
of Method (a) to aircraft that have passed through the development atage, and which are in regular
operation To permlt the determination of the airport slze requlrements of projected or newly
developed aircraft, Method (b) is discussed and illustrated as follows:

(1} Runway lepngths

Rurmay Length (R) = (X C_ +D ) F

11 2" a

X - The shortest distance required to travel from start to unatick urder standard
sea level conditiong This may be determined through computation as 11-
lustrated on line 26, table 7, for Method (b), or may be determined by actual
flight tests
€y = Spread cosfficient applied to (Xl)

This may be determaned &s shown on line 10, table 8, and as discussed on page

18

D2 — TDastance from unstick to stop as realized in normal day-by-day operation at
sea level airports on hot summer days This may be determuned from fagure 19,
wnen the normal unsticlk speed (Vun) has bsen determined

Vu_n = VG,

Y = Minlmum unstick speed under standard sea level conditions This mey be deter—

mined through computation as i1llustrated on line 21, table 7, or may be deter-
mined by actual flight test

G = Spread coefficlent applied to (Vu) This mey be determlned as shown cn line
2 4, table B, and as discuseped on page 18

F = Altltude Factor Thie may be determined from ceclumms 14 and 15, tatle 12,

a when the geographical altltude of the airport 1s known

(2) Obstacle Zoning Ratlos

Obstacle Zoning Ratdo (Z) = (A I x 03) 1
50 EP

AX — Shorteat distance required to elimb from 50 feet to 100 feet heights under
standard sea level conditionsg This may be determined as illustrated on
line 32, table 7, or may be determined by actusl flight testa

03 = Spread coefficient applied te (4 X)

This may be determined as shown on line 12, table 9, and as discussed on page
i8

l/KDP = Altltude Factor Thie may be detormined from columms 16 and 17, table 12,
when the geographical altltude of the alrport 1s known

The applicaticn of Methed (b) to the determimation of airport size requirements from com-
puted performance characteristics of Alrplane A when operated at Sealt Lake City, Uteh, is
presented as followa:

Rurway Length
xl (Airrlane &) (Unsupsrcharged) 473 £t (1line 26, table 7)
C . 1 50 (line 10, table B)

7 " 41 0 mph {line 21, table 7)



CORHEIATTON OT NORMAT ATRCMAFT CTRFORMANCZ CHARACTLRISTICS WITH oIZE
CF E£I19TING ATR A PTS LOCATED AT VARTOUS ALTITLDES, AS LETERNMINED EVMTI®ELY FROM OBSFRVED DATA

TABLE 14
LINE
NO PERECHMANGF CHARACTERTSTIC R 1Re]) WHWA - LENGTH LIMA PATU
PRIVATE AICIINE PRLVATE HIELINVE
ATRPLANE B | D 4 T H B D E F H
Burbank, Califomie - Geographical Alistude — €95 Feet
1 Denaity Altitude (Frem Curves, Flg 20) ) 2900 2000 | 2300 | 900 | .G00 2900 2900 | 2300 | 2900 | 2300
? Presaure pltitude {From Curves, Fip .0) Py 3CD ud 300 200 Plog) 900 400 300 900 900
3 Altitude Coefficlent (From Nomogram, Fig 2) Eop |0 257 |C 904 |C S04 [0 904 |0 904 [0 857 |0 904 |0 904 | O 904 |0 94
4 | Unstick Speed (Observed) (Flgs 3,6, 9, 12, 14Y Ve oy 092 Q2 | LT 9T | 98
5 Distance from {¥ip) to Stop (From Lime 4 & kg 1 g LG50 T10x| 160 | 24N00 5590
6 Normel Unstick Distence {(Observed) {Fips 5, 8, 11, 13, 1/ | T; 1.0 1450 | 1560 | Q040 140
7 Fiequired Runway Length (Iine 5+ Idne 6) R <850 640 | 3020 | 4440 | 4730
8 Dlstence from 50 to 100!
(Observed) (Flgs 5, B, 11, 13, 17) iC! 1050 | 1180 | 126C | 1400
9 Climb Path Ratic (Idne 8/50) - Chstacle Zomng Ratio 16 o 10| 236 2581 280
salt Lake City, Utah - Geographiesl 2ltitude - 4330 Feet
10 Density Altrtude (From Curves, Fig 20) Ap {300 7300 | 7300 | 00| /300 7300 7300 | 7300 | 7300 | Vi00
11 Pressure All1 Lude (From Curves, Fip  20) 4400 L400 | 4400 1 AL | L4GU 4400 LA | 4400 | 4400 | 4400
12 Altitude Ooefficlent {From Nomogram, Fig 2) Kpp [0 997 [C 78 | B [0 PR L 78 | 0557 |0 YT u TR L 2% |0 778
13 Unstick Speed {Observed) (Figs 3, 6, 9, 12, 14) Vin a3 2 1C7 3
14 Dl stance from (Vgy) to Stop (From Line 13 & Flg 19) 3 LU PR
15 Normal Unatack Instanec {Obrerved) (Figs 5, #, 11, 13, 17) | Uy 2A430 <d4f
16 Required Rurnway Len-ott (Line 14+ Line 15) R 4450 471
17 Tlatance from 50Y to 100
(observed) (Flga 5, B, 11, 13, 17) 1100 124G 140
18 Clamb Path Ratic (Line 17/50) = Otutacle Zoning Hatio 20 24, i 33 C
Cheyorme, Wyoming - Geogiaphlcal Altitude - 6145 Feet
15 Dengity Altitude {From Curvee, Fig 20) Hp 9200 Q.00 | 9To0 | 9200 | 9200 9200 9200 | 9200 | 9200 | 9200
20 Pressure Altitude (From Curves, Fig 20) Hy, £200 6200 | 6200 | €700 [ 6200 6200 6200 | 62001 62720 | 6200
21 Altitude Coeflicient (From Womoprem, Pir  2) Yoe |Q 507 10 729 |0 73 (072 0 733 (0 802 |0 2|0 129 )0 TH 0 T
22 Unstick Speed (Observed) (Fips 3, 6, 9, 12, 14) W 110 3
23 Dnatence from (Vgy) to Stop (From Idne 72 & Flg 19) 5 2990
24 Normal Unstick Distance (Obzerved) (Figs 5, B, 11, 13, 1/) | Uy 2950
25 Required Runway Length (Iine 23+ Llne 24) R 5940
26 Distance from 50' to 100!
(observed) (Figs 5, 8, 11, 13, 17) 1760
7 Clichk Math Retic (Idine 26/50 = Obstacle Zoning Ratio 35 2

#Thia eirplane 1= equipped with Fowler Flaps

or obstacle zoning ralios

Use upper curve in Flg 19
NOTE Tanding charscteristics are not included in this table, since they are not critical, either as regards runway lengtha,
Thie w1l ba peen from Fig 21

Moreover, altitude has no effect on approach path ratiocs

ki3



G, (Airplane A) (Unsupercharged) 115 (line 4, table 8)

Jeographical zltitude (Salt Lake City) 4,220 ft (table ( 41)

F 1 320 (col 14, table 12)
V‘L].n = V\l 02 41 2 m'ph
D, {Normal airplane) 1,080 £t (fig 19)
X8y 710 £t
Runmay Length (R) = (X6 +D,) Fy 2,360 £t
Obstacle Zo ie
AZX (Airplane A) (Unsupercharged) 660 £t (lime 32, table 7)
Gy n 120 (line 12, table 9)

neographical altitude (Salt Lake Gaty) 4,220 Tt

1/Ep 1534 (eol 16, table 12)
( Al C )
= 1

Obstacle Zomrg Ratio (Z) — 50 = 2

Hpp

Note The method outlined above may be applied to the ultimate perfermance charmcterimtics as
determined from controlled flagnt tests

4 Comparison of Ailrport Dimension Kequirements as Cbtained by Method (a) with those Indicated
on figLres 22 and 23

On page 18 of this repert the assumption 18 made that, at any airport during the summer
months, flying cperations will “e carried on during the heat of the day when the temperaturs is
100°F and when tie sub-normal barometric pressures indlcate a pressure altitude 500 feet above
the elevation of the alrport It then is stated that the finnl effect of the above assumption,
as raflected ny tne rurway length and obstacle zoning requiremsnts versus elevation (figs 22 and
23) checks very closely with the dimensional requarements obtained through the direct use of the
observed temperature and pressure data shown on figure 20 This now 13 subatantiasted 1n the
follewing table 15 which comparss airport dimension requiremsnts for Adrplane H as obtalned by
Method (&) mith Glass IV eirport requirements indicated on figures 22 and 22 Thia compardson
apoears jistified because of the fact that the airport requirements of Airplane H at sea level
closely approximate the requirements for a Glass IV airport at sea level.

Takle 15
ATPPORT DIMENSICON REQUIREMEWTS - AIRPLANE (H)

Line No Airport Burbanl Salt Iake City Cheyenne
1 Geographical Altitude 695 4,220 6,145
2 Fumay Length (Dbserved

Data, tanle 14) by T30 5,710 5,940
3 Rurway Length (fig 22) 4,930 5,680 6,100
4 Percentage Difference 4 3% -0 A% 299
5 Obstacle Zoning Ratio
(Observed Data, table 14) 28 0 330 35 2
& Obgtacle Zonlng Ratio
{(fiz 23) 23 8 33 2 36 0
7 Percentage Differance 2 9% 0 6% 2 3%

Table 15 indicates that the effect of geographical altitude on airport size as determinsd
througa direct application of obseried data, Method (a) 15 in remsonable agreement with data ob-
tained through the avplication of aerodjmamic theory, (flgs 22 and 23), up to 6,145 feet eleva—
tion This result indicates that the mssumptien involvang unfavorable me*eorological conditions
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as discussed on page 17 18 Justified

It is i1mportant to state that, 1f a plotting of the dats listed on lines 2 and 5 of the
ahove table 15 superimposed on figures 22 and 23, 1t wlll be noted that the verlation of airpert
dimensions with elevation as determined by Method (a) for Alrplane H doss not follow the theoreti-
cal trend which 15 reflected in the curvea for the four classes of airports This variation agsin
results from the application of the fundamental principle involved in interpreting the observed
data

GONCLUSIONS

Aa ptated in the beginning, the purpoee of this atudy 15 to establish 8 fundemental basis
for the determination of alrport dimensicns that will accemmodate safely the operatlon of air-
craft It is bslleved thet thie has been accomplishad Thus, certaln pertinent factual data have
been obtained These include:

1 Take—off and landing characteristlics of several types of mircraft as realized
at various altitudes 1n normal day-by-day cperation

2 A large volume of mccldent data involving both praivate owner and mirline type
aircraft

3 A large number of meteorological observations involving thess mirports at widely
different altituies and covering two seasonal cycles

These data in themselves are a record of facts They involve no agsumptions and no per—
gonal opimionsg The performance data were obtained pheotographicall, and were corrected to zero
wind and tc specification gross weight only  Thus, as presented, they 1velve a munimum of
theoretical manipulationa  The aceident data are a record of what actuzlly happened, and the
meteorclogical deta are a listing of the original observations

The interpretation of these data to obtain airport dimensien requiremerts, however, 1s
gubject to considerable controversy because of the multaplicity of importsnt, and in many cases,
indetermnate elements which can influence the final results In addition to the many variables
that affect the performance characteristics, there are meny eccnomic and practical considerations
which are difficult to evaluate The degree of safety that can be obteined practically is a
highly contentlous subject

In order that this study may be of maxamum 814 1n the final determinaticr of reasoreble
requirements, an interpretation of the observed data has been made This has resalted 1n the
attainment of two major objectives which are

(1) Two methods have been established for correlating the performance characteristics
of any airplane with the dimensions of any airport at any altitude

{2) Dimensional standards have been suggested for Tour classes of airports, invelving
any elevation up to 10,000 feet  The grouping of such standards into classifi-
cations 15 based upon the types of airplanes that can be accommodated safel;s
These are

Class I Loweat powered private owrer type

Claga IT  Medium powered private owner type

Class III Higher powered private owner type and smaller
airline type

Class IV  The largest of airline aircraft

The determination of narerical value. involved an the atteinment of the sbove objectaves
was made through the application of three general requirements or criteria, which are as follows

{a} Runways should be long encugh to permit alrcraft to roll safely to a stop
ain the evert of an engine failure during the take—off at the point whers the
weels are Just leaving the ground

{b) The cleared areas on elther side of the rurmmays should be wide enough to
provide reascnably smooth surfaces on which the aircraft can come to rest
should sgcme unforeseen contingency cause them to swerve from their original
teke-—off or landing directions

{¢) Obstacles should not project up i1nto the flight paths

It would seem that eriteria (b) amd (c) above are fundamental The acceptabllity of
criterion (&) 1s somewhat controversial, in splte of the fact that 1t 1as resulted from a careful
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enalygle of a large amount of accident data  As dlscussed in detail on page 25 and as shown :n
figure 21, 1ts application results in rumway lengtha that are identical with the lengths obtained
through the practical application of criterion {c), which involves no consideration of poasible
engine failure during the take-off Thls 13 glgniflcant in thet such agreement snould add to the
acceptabllity of the final results

Criteria (a), (b) and (c) have been applied in the interpretation of the factual data to
obtaln numerical values involved In t1e attainment of the two major objectives of this study  The
results are:

(a) Recommended runway lengths and obstacle zomng requiremsnts as obtained through
the correlation of obhserved performance data with the meteorological conditions
actually existent at several airports are llsted in table 14

{b) Recommended dimensional standards for airpoerts, Classes I to IV inclusive, and
for elevaticons up te 10,000 feet, are pressnted 1n figures 22 and 23 Flgure
22 shows curves of rummy length versus altituds Figure 23 showa curves of
obstacle zoming requiremsnts against altitude

{c) Data from which the widths of landing strip areas may be determined are far
from adequats In A purely arbitrary manner, however, it 1s suggested that,

(1) betwesn the center linss of any two parallel lending strips,

(2) from the center line of any landing strip to the boundary of the airpert,

(2} from the center line of any landing strlp to any obatruction or to amy
area which may be occupied by alrcraft, automobiles, etec ,

the following minimuim dlstances well might be provided

Class T 150 ft Class 11 200 ft
Clage IIT 450 ft Class IV 200 ft

It 15 believed that no lncreases in the requirements suggewsted in this repart w1ll bo
necessary for many years to come This statement 15 based upon the indicated advance in designing
techmique involving future aslreraft  Thils advance 15 belng reflesctad in improved stalling charac-
teristics, and improved climb and directicnal control characteristics of multiengine aircraft with
one engine inoperative, which i1n turn promises to result in a reduction in spread coefficients
In other words, 1t appears that future alrplanes may be opersted safely so as toc reallize perfor-
mance characteristics that are closer to the ultimate than are realized by currently existing
airplanes These factors should tend to compensate for any increase in landing speeds.

As previously explalned, it has been impossible to determine airport dimension requirements
entirely from observed data The inclusion of a certain amount of computed performance data has
been unavoldable Such data have been reduced to &8 mrumum, however, and 1t i1s bslleved that the
numerical values obtained will be supported, 1f and when more complete factual data have been ob-
tained The followlng table 16 1lists 1n detall the performance data that still are needed, so that
the alrport dimension requirements of all eight alrplanes i1ncluded in this study may be determined
entirely from observed data

Teble 16
ADDITICNAL PHOTOGHAPHTC RECORDS DESTRABLE FCR COMFLETE
DETERMINATICON OF PERFORMANCE VERSUS ALTITUDE FRCM OBSERVED DATA
ATRFLANES A TO H, INCLUSIVE

Geographical Altituds 5 L -1000 30:00-4000 60007000
Type of Record#* TO| L TO] L TOJ L Totals
Airplane A 3| 30 3¢ | 30 jc | 20 160
Airrplane B 0 | 30 &0
Airplane C 30 ) 30 30 | 30 20 | 30 180
Alrplane D Ao | 30 30 | 30 30 ¢ 30 180
Alrplane E 30 0 30 30
Alrplene F 30 30| 30 30 | 30 150
Airplare G 30| 30 30 | 30 30 [ 30 180
Airplans B (Blind) 30 30
Totals 120 (150 150 |180 240 (210 1050

% All racords should involve actual day-in end day-out operations rather than
comtrolled flight tests, except that s number of the landing grourd rolls for
each model should involve the use of maxxmum btraking
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NOTE

1 THE ALTITUDE COEFFICIENT
(Kpp) IS USED FOR CORRECTING
TAKE-OFF AND INITIAL CLIMB
DISTANCES OBSERYED DURING
FLIGHT TESTS TO SEA LEVEL
CONDITIONS

2 CORRECTED DISTANCE =
Kop X OBSERVED DISTANCE

3 AHp = Hp — Hc, WHERE (Hp)
IS THE PRESSURE ALTITUDE
EXISTING DURING TEST, AND

(Hc) 1S THE PRESSURE ALTITUDE
UP TO WHICH THE ENGINE POWER
IS MAINTAINED SUBSTANTIALLY
AT ITS SEA LEVEL VALUE
THROUGH SUPERCHARGING

4 A VALUE\OF (AHp) EQUAL TO
ZERO SHOULD BE\QSED UNLESS
THE PRESSURE ALTITUDE QRING
THE TEST EXCEEDS THE ALTITUDE
ABOVE WHICH THE SUPERCHARGING
OF THE ENGINE IS NO LONGER
EFFECTIVE, EXCEPT THAT IN THE
CASE OF UNSUPERCHARGED
ENGINES, WHERE (Hc) EQUALS
ZERQ, {AHP)} EQUALS (HP)

AND THEREFORE CAN BE LESS
THAN ZERO

Figure 2 Nomogram for Determimming Altitude Coefheient
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Illustration of Possible Arrangement of a Class IV Airport at Sea Level,

With Runway Lengths Modified by Considerations of Wind Speeds

Figure 44
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AFPERDIX KO 1

PISCUSSION OF CORRECTIONS TD THE OBSERVED PERFOHRMANCE DATA

Discusgion of Corrsctlong Applied to the Observed Peorformance Data

The photograpnic records of sach take—off and landing have Yeen corrected to zero wind ve-
loclty and to specificatlon gross weignt. These correctlons have been applied to speeds and
distances traveled both on the ground and in the alr

An accurats determinatlon of the wind veloclty actually encountered by the airplanes while
taking off or landing le practically impossible because of gusty and shifting wind conditlone
The wind velocity data included In this study were obtalned through the use of an anemometer set
at one pide of the runway near the take—off and landing pointas

Since there wme no reasonable methed for obtalnlng actual dats concerning increases ln
veloeity with height, it was necessary to refer to N A C A Report No 626, "The Transition Fhase
in the Take-Off of an Adrplans® This report includes experimental data obimined at Langley
Field, Virginia, which indicate that the variation of wind velocity wlth the helght above the
eround may be determined from the following expresalens

1
Vh’ = (H) 7
:WO HD
where Ve = Wind speed at any heignt (5
‘i"o - Wilnd spsed clage to the ground ar

at a height (E,)
U = Helght at which (V,) is realized
H = Helght of anemometer

From the above 1t was pogsible to plot a curve of (Ve / Vo) 2geinst height (H) This 1s
shewn on figure 24, and gives the wind veloclty at any height up to 26D feet when the wind velo-
21ty at the ground 13 kmown  The use of this curve in conjuncticn with the anemcmeter readings
degcribed above results in only rough approximations of the actusl comditions It 18 reesonably
adequate, however, and 14 applicable to all alrports at all elevations Using the curve of
(Ve / Vo) 23 & basls, 1t was possible to obteln a second curve which 1s designated in figure 24
a8 (Vam / Vug) For any height (A) thls curve may be used to obtain the mean wind veiocits
that was encountered by the airplans in climbing tc that height or in gliding deown from that
height

The two curves shown in figure 24, together with the anemometer readings, are used to
correct observed mir-borme distances to zero wind veloeity The followlng obgerved characteris—
tica may be corrected through applicetien of the anemometer readingsi

IMstance from start to unetick
Unstick speed

Contact speed

Laniing grourd roll dletance

The effect of wind on unstiek and landing ground roll dietances 1s determined through
the use of the curve shown on page 440 of the revised edition of "Engineering Aerodymamics¥ by
Commander Walter S Diehl This curve has been redrewn in flgure 25, end shows the varlations
of (Rg / Ro} With (Vao / Vu), where {Rw / Reo) le the ratio of the ground run in wind veloelty
(Vo) to the ground run in a calm, and (Vgo / Vu) is the ratlo of the wind velecity (as deter-
mined from the anemomster read:Lng5 to the air speed of the airplane at unstick For lamdings,
the contact speed is used instead of the unstlck speed .

The corrections of the pertinent tele—off and landing characteristics te szerc wind velo-
city finally are accomplished as follows:

() Alr speed at unstick (Vy)

The air speed at unstick 1s the sum of the alrplane apesed obtalned through
analysis of the camera records plus the component of the wind spesd parallel
to the flight directlon



(b) Alr speed at contact (Vc)

Determined sams ag unstick speed

(¢) Dnstance from start to unstlek

Cbtained through use of figure 25, as previously sxplained
(d) Distance from contact to atop

Chtained through use of flgure 25, as previously explained.
(e) Alr-borne distances

The cobserved alr-borne dlstances, both in take-offs and landings mre corrected to
zero wind velocity by the additlon of a distance (A D), which 18 obtailnsd by
m_‘l.tiplging the mean wind velocity encountered by the airplans (Vyy) by the alr-borne
tim (t) ss determined from the photographlec space-tims records

Thus, Do = Dy + Vg x t
Where, Dy = air-borne distance in a calm
Dy = rir-borme distance in wind

Vwp = mean wind speed encountered by the airplane
t = alr-borne time

Correction to spaclfication gross weight will be ¢onsldered next In the take—ff, beth

the unatick distance apd the air-borne distance are corrected to epecification gross weight in
accordance with equation No 328 (p 439) of Commander Diehl's "Engineering Aerodynamics® This

equation 1s as followa:
'2
F\%

S

whers, 87 = Dibetance at Gross Weight No 1
82 = Distance at Groes Welght No 2
W1 = O0Oross Welght No 1
We = Gresa Weight No 2
F = WMltiplying Feetor - 1

As suggested on page 440 of Commander Diehl’s book, (F} 1s assumed equal to unity when the
difference betwoen (W) and (W) 18 not too great.

In the approach for a landing no correction is mde to the alr-borne distance for weight
This is because the flight path dependa only upon the flying attitude or angle of attack of the
asirplane

In correcting landing ground roll distances to specification gross weight, the assumption
1a made that the ground roll varies ss the square of the contact speed Since the square of the
contact speed varies directly with the gross weight of the airplape, the ratiom of obeerved to
apscification gross wolght wers applied directly as multiplylng factors in the observed ground roll
distances to correct them to sapeacification gross welght. Speeds wlll vary am the square root of
the weight ratio.

The specificatlon groap weight for each airplane included in this study is liated on line
1 of table 7

APPERDIX NO 2

DISCUSSICK OF COMPUTED PERFORMANCE DATA

n o utad Psrformance Data

This sectlon la devoted to the derlvatlon and justification of the methods employed 1n
the computatlion of the valuss listed in table 7 of this report

! Dietance from Start to Unstick

A mothod for the precise determination of the dlstance required to attain any veloclty
on the ground may ba derived from the fuudamental relationship

here, ,.._f.vz(l_)
2a 2a



s = Distance in feet
¥ = Yeloclty 1n feei per second
a = Acceleration 1ln feet par secoml per second

where,

The computation my be facilitated considerably by the assumption that the acceleratiom le
inveresly proportional to the sguare of the velocity. The walidity of this sssumption has been
established by flight test date  Such substantiation permits an average value of the reciprocal

of the acceleraticon to be expressed by,
¥ oW (Fl . ¥ )
1l = Fg =2g
Y 1 ¥
whers, W - Masa = MW
g r
Fl = Initlsl accelerating foroe
F> = Final accelerating force

Substitution of thle dverage value in the baalc expreeslon obtalns:

§ = # = 7 (F1—+F;9
2a 4e 152

which may be more convenlently expressed 1n englneering units by,

2 F F
X L0187 vcw (T o2
1 - u

where, I; = Unotleck distance 1n feet
V, = Unatick ppeed 1n m.p h,
¥ = Gross welght in pounds
F1 = Inltial net force
F2 = Final net foree

The accelerating forces {F1} and (Fg) are obtained on the followlng assumptions: When the
airplane i1s at rest it may be assumed that the only resistance to forward motlon is dus to ths
weight of the ailrplane and the toxture of the surface on which it rests. Benece, the aceelerating
force at the instantaneous origln of motion must equal the difference between the 1nitiml or statle
thrust and the rolling traction This ip mathematlcally expreseed ae follows:

F = Tpy -~ u¥
where, F1 - Inltial et forve
Ty = Initlal or static thrust
M = Traction coefficient = .03 assumed
W - Oress Welght

By comparative reasonung it i1s clear that the rolling traction becomes zerc and the aero—
dynamic drag furnishes the entire resistance to forward motion at the instant of unatick Thias
teing the cma@e, the nat accelerating force at unstlck must equal the difference between thrust amd
draeg Thie 18 analytically defined as

= Ty 'I%ﬁ
Final net force

Flnal thrust
Ratio of 1ift to drag

whers ?2

7

The thrust i1s computed as followss

Computation of Thrust

The varlation of thrust wlth velocity throughout the normal range of velocltles for take-
off end climb le expressed by an empirical equation which 1s in good agreement with figure 2-I1 of
the Alrcraft Englneering Report No 103, mnd figure 154 of IHehl's "Englneering Aerodynamice®
(revised editlon) The expression is as followar

T = THE _ . Thrust in 1lbs
111-l-

The application of thls formula requires a knowledge of the followlng data



Maximm Thrust Horsepower avellable for take-off

BHP{ « Maximum Brake Horsepcwer avallable for take—off.
W = Propellsr efficlency
Tn = Marmum velocity
¥V = Any veloclity
A = .3 for controllable propellers
A = .5 for fixed plteh propellers
C = .6 for controllsble propellers
C = 5 for fixed pitch propellers

Since (V) ims zero for the initlal or static conditicn and equal to unetick speed at the in-
atant of unstick it follows that,

n = R

m

375 THP

I|1+G'll

Tz._-

The evaluation of thrust involves the propeller afficiency whieh may be obtained as follows!

Propeller Efficlency

An mnalysis of the exlsting N.A C A propeller data yields the following general formulas
for the computation of maximum propeller efficlencyt

n= K/ (197 + 112 Kg)
for propellers with two blades, and

Nz K5/(.’(.’04-116]11.3}

for three-bladed propellers.
In these equations the propeller constant,

o-mu ()

RFM HP

Efficiencies thus obtained are in generml agreement with those recommended by Commarder
Walter 5 Diehl in fipures 148 and 151 of his "Engimeering Aderodynamica® {(reviased).

In the application of the above expressicn for propeiler efficiency, a knowledge of the
maximun speed of the airplane is required In gemsral, this must be cbtained by reference to
standard compilations of performance data While it is generally conceded that such data are un-
Telliable, they neverthelsss are sufficlently sccurate for the purpose of computations relative to
take-off armd elimb characteristies In the subsequent calculation of parssite drag, for exzempls,
1t can be demonatrated that a poaitive error of ten percent in the eetimation of mamimum speed,
while resultlng in a considerably optimistic value of parasite drag coeffloient, also will pro-
duce a reduction in the horsepower aveilable at wvelocltles 1n the promumlty of take—off and climb
The net error in the computation of these two latter quantitles, other thinge belng squal, will
not exceed flve percent It should be noted that thls represents an axtreme case In general,
it 19 belleved that tho computed values are within three percent of accuracy.

The computetion of parasite drag coeffilcient proceeds as followss

Faragite Drag Coefficient

In the computation of the minlmum parasite (including profils) drag coefficlent, the
simphhfying apsumption that induced drag is a constant percentage of parasite drag 8t maximm
velocity 12 resortsed to  This permits the following process of derdvationi

Prag = D = 00256 (Gp, + Cp) sv2

where GDEL = TInduced drag coeffieient
GDP = Paraslte drag coefficlent
Cpy = Kop_ &t Voo

P
hence, D = .ODZSG(IGDP + Cp )S"T'2
P



i

or D = Kp_8v
then, F
gince HPR - ‘%‘5 - mnpsvm:"
= KFEAF R
%, 3
sV,

Empirical evaluatien of the constant (X) by application of Ynown performance indicates
good acouracy when the above formila ls expressed as,

v} = 133000 EHP ¥
Dp 3
SVp

Thie 1p Iin substantlal agreement with equation 312 af N A.C A Report No 408 and equation
(28) pf N A.C A Technical Memerandum Ne. 456

It is belleved to be sufficlently accurate for the purposs of thla discuselon to assume
thet the parasite drag coefficlent with chassie extended is of the following order:

GD = 15 GD = GD with gear exterded.
P. P P
1

Cp,,

133000 BHP R = C]J wlth gear retracted.
2 3 P
5V,
The foregoing assumption may be pubstantlated by reference to Marmual 04, Clvll Aeronautics
Administration, February 1, 1941, figure 6 The varlation of parasite drag with angle of attack
ia expressed as a function of the equare of the 1ift coefflclent by application of Dishl's concep-
tion of an sffectdve aspect ratlo defined aat

R = N
1 & ZIEDP
whers R = Bffeotive aspect ratio
N = Geometric aspect ratio = i /8
B = Span
8§ = Wng area

GDP Farasite drag coeffleclent
The effective aspect ratle 18 used in the following computation of 1ift drag retio:

Mexdmum Ratio of Iift to Drag

The proximity of the ground during take-off generally ia conceded to result ln a marked
reduction in indueed drag The magnitude of such reduction 1s incapable of exact analytical ex-
pression, but may be closely approximated by the assumption that the maxaymm ratio of 1ift te
drag obtains at unetick

Obviously thia ratio will be a maximum when its reciprocal 18 e mnimum and expreased as

followst
v Cp, C1
¢, ¢ Y 7=
where Cp = Total drag ceoefficlent.

If the derivative of Cp / Cp with respect to Gy is equated to zero as follows:

d6 - 2
L
Cy

1t then 1s obwious that the ratio Cp / Cy will be a mimmm wheni

€L = ./ﬂRcDP
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o 2
aril when - L
CDP xR

Pence the maximum ratlio of 11ft to drag ie realized wheni

= (785

After unstick ard during inltial ¢limb, the proximity of the ground hecomes increasingly
lezs affective In the reductlon of induced drag as helght is mttained On the other hand, for a
rigorous analymis, the increase 1n veloclty after unstick should he mccompanied by an lncrease in
effective aspect ratio, and a consequent reductlon in induced drag Henes, it would appear that
this combination of factors contrlbutes toward an approximately constant valus of 1lift—drag ratio
throughout the extremsly limited range of velocities here involved It 185 belimved that further
refinement would but complicate the sclution and remder the method lass applicable to comperative
performance atudies

The maximim ratle of lift to drag is tne controlling factor iIn the establishment of ap-
proach path ratios since it is conservatively assumed that flaps and similer 1ift increasing
devices mlght be rendered inoperative In additior to the posaibility of flap failure the poz-
s1bility of landings under power due to 1ce formations or other factors mist be considersd

Ungtaick and Contact Speed

The apparent dlscrepancy between computed and actual landing speeds, in general, 1s
attributed to a combination of ground effect, wing fuselage interference, and so forth In our
effort to derive a method whereby substantial agreemsnt with observed landing speeds might be
obtained, recourse was had to the fact that airplanes de land consistently at a reasonably con-
stant percentage of their theoreticil velocity for mimimum power requirement, (Vm;) (VHP) may
be derived from the following fundamental expresslon for drag at any vslecltize

Cp Sv2 12502

D = P +
391 RSY2
from which it follows that the power requlred at mny veloclty wall be:
0p. 573
P

w8 - S ey

Differentiating this quantity with respect to veloelty and equating 1% to zero glves:

BGD SV2

d HF _ 5 15 W2 o
d v ~ 391 x 375 — °
375 RSY

which may be reduced toi
. (16300 gvgsf) 3
EP -

D

F

This permite the expression of contact and wmatlick speeds as functlons of Vyp as follows:

v

o E;YUp = Contzct apesd
Vu

Ep = Unstick speed

Bmpirically derivea constants based on the known landing speeds of scme fifty alrplames
indicate mn average coneervative relationship betwsen (Vc) ard ?VW) axpreseed as followsi

Vo = KVup

where E.
Ke
Ko

.80 for normal wings
70 for plain flapa
60 for Fowler flaps
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In the application of this method to the computatlon of minimum unstick speed, it was be-
lieved advisable to lncrease the constants by an appropriate safety factor approximating ten per
cent 1n the case of the nermal wing and twenty and thirty peruent regspectively when ordinary and
Fowler flaps are employed The employment of the greater correction in the latter ingtance 1s in
agreement wlth obssrved unstick speeds and indicetes that full flap deflectiona are of limited
utility in normal take-off technique The average conservative relationship between (Vy) and
{(Vigp) 15 thent

Vo = EVup

K, = 90 for normal wings

w = 85 for plain or aplat flaps
K, = 80 for Fowler flaps

Glimb Path Characteristics

The complete take-off of an airplane 1s assumed to include the followlng three phases
distance to unstick, distance for accelsration from unstick speed to climbing speed, and distance
from climbing epeed to any specified height

The distance required for &n alrplame to accelerate from unstick speed to a sgafe climbing
speed may be computed with reasonable sccuracy by the fundamental formula

v2 yi
5 = 2 - 1
28
where 5 = Ihstance 1n feet
a = Acceleratlon in feet per second per second
Vl = Inltizl Veloccity
V2 = Filnal Veloclty

Since helght attainment waith a minimum of required horizontal distance 1s the controlling
facteor in take—off technique, 1t is desirable that climb be initlated at the veloclty for minimum
power requirement —This justifiea the follewing substitutions in the original axpression,

2 2 2 2
. v, .Y e - Yy
248 2a
2 2
where 28 = _Br(Fz + Fj)
L
and F3 = T3 - L/:D

The formuls may be expressed in enginsering unite as follows:

RN!
067 \MP - u

Fa o+ T3

AX

where A X = Distance from V, to Vup

The procedure lmvolved in the evaluation of the net accelerating force (FB) 18 analogous
to that employed in the determination of (F2) It 13 accomplished as followst

R

T J75 THP
3 = “H'*GVEP

Distance from VEP to Helpght

The ratlo of distance to height 1e obvlously proportional to the corresponding ratic of
horizental velecity to vertlcal veloeity It follows then thaet,

Iz _ Velociti - 88V (Mlles per heour )
H o. R Fast por minute
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12 = BETH = Diptance from Typ to H
5

Themn,
since R w E6VF3
—
X - HW as noted
2 g

APPEMNDIX HO 3

RUNWAY IENGTH AND CESTACLE ZONING REQUIREMENTS
AS AFFECTED 3Y WINDS

Rurmay Iength and Cbgtacle Zonming Requiremsnta mas Affectad by Winde

Rurmmay length and chatacle #omng requirenents, as llsted in the concluzions of this re-
port, invelve no consideration of the effect of wands  They are based upon dead calm conditions
Doctor Edward P Warner haa suggested trat, in the case of alrports having rummays in more than
one direction, 1t appears unnecessar, to provide for zerc wind conditions on all rummmeys In fect,
gero wind dimensions need invelve but one rumway direct.on, while the dimsnsicnal reguirements of
the remaining croas rumways may be reduced to allow for the effect of winds

The followlng investigation has as 1ts oblect.ves:

(r) The determination of wind velocities to be used i1n reducing the dimensional
requirements of the cross rummys

(r) Deterumlnation of multiplying factors, which may be applied to ine main
rurway dimensions te obtaln tne redaced values of rumway lengths and obstacle
zomng ratiog for the cross rummmys

(c) Application of the forego.ng data to actual airport dimensions

(d) Correlation of obgerved characteristics with airport dimensions in
relation to wind effect

(e) Consideration of rummays having only part of their lengths paved

(a) The Determination of Wind Uslocitaies to bs Used an Reducing the Dimensiopal
Requirements of the Cross Runways as Compared with the Zerc Wind Runway

The erliteris for the safe use of a grosa rumway, the dimensions of which heve been reduced
to allow for general wind conditlons, invelve both the magnitude and direetion of the wind velo-
e¢lty as translated into cowmponents along and across that cross rurmmy  Thus, a given rumwaj should
not be used if the longitudinal component is less than the eritical wand velocity that was employed
in determinlng 1ta d.mensiens, nor 1f the cross component 15 great enough to aeriously affect take-
of f end landing maneuvers

The farst step In establishing these criteries 13 to decide upen & sefe maximum value for
the oross wind component  The critical velocities then may be determined sclely through censldera-
tion of the number of runmayas and the angles that they make wlth one another

It 18 felt generally that flight operations tend to become hazardous when the cross wind
component exceeds 10 miles per hour If a value of approximately this magnitude 18 established
as madmm, erltical wind velocltles may be determined as follows:

Regardless of the totel numbsr of rumways provided, the critiecal velocity for tne cross
rurmay, wnleh 13 roughly at right engles to the main runway, 15 determinsed on the basis that
operations will be tranaferred from the main rummay to that crose rurwey whenever e wind, the
direction of which 19 at 90 to thé main runway, attains a veloclty in excess of 10 mlles per hour
Tne critical veloclty for that erese rurmmy, then, may be cbtained from the expressdion,

v - ¥V xCos &
c w
where V., = The critical velocity {component)
Yy = The velecaty of the wind acroes the main rumway
a = The angle betmeen the cross rummay and the wind direction

This motheod of anslysis 1s 1llustrated in figure 26

If ¥V, = 10 mph and (@) varies between +30°and -30; (Vw) w1ll vary between 11 & mph and
10 mph  Since a cross wind of 11 & mph 1s not excessive, 1t is believed to be both safe and pras-
tical to s¢ dimension the cross rurmm) in question that 1t may be used whenever i1ts longltudinal

{

"



wind velocity component is equal to or greater than 10 mph, exrept that the ocomponent across that
rurmray should not greatly eaceed 10 miles per howr  This assumes that the angle between that eroas
rurway and the main rurmway 13 not less than 60°

The mathed outlined mbove may be applisd te the dimsnsioning of a two-rumwmy airpert. It
alec applles to the dimensloning of a three-rurmway airport, with respect to ome of the cross run—
ways, again providing that the angle between that cross rummay and the main rurmmey 1s not less than
60° The eritical velocity for the second cross rurmway, however, ls determined om & plightly
different basis In this case, the critical velocity for the second cross rurway is determined on
the basis that operstions will be transferred from the second crogs rumey to the mearer of the
other two rumwnys whenever & wind, the directlon of which is in lime with the second oroes rummy,
fails to attain a veloclty equal to the critical wveloelty for the second croms rurmwey (3es
fig 27) However, the longitudinal snd cross compomsnts of the wind, with respect to the rummy
to which operations are to be transferred, must bs such that the use of that rumway 1s not
hazerdous  Thus, the longitudinal component at lemst should be equal to the critieal veleclity
and the oross component should not greatly exceed 10 mph  The critical wvelocity for the second
cross rutway may be obtained from the expressien,

Ve = Wnxecsefad Vg = Vg sung

where Ve = The critical velocity (actual wind velecity}
Vn = Component of (V,) acrose rummsy to which operations
are to be traneferred (approximately 10 mph )
B = Angle betmeen second cross rurmey and rurmmmy to
which operations are to be transferred.

In the case of a three-rurmay airport s minimum angle betwsen any two rumways of 50° could
result in a maximum angle of B0° batween any two rumways Conssquently a 20 mile per hour wind
which bilsected the 80° angle weuld result in a cross component of 12 9 mph  If the bisecting wind
never greatly exceeds 20 miles per hour, & minlmum angle of 50° would not result in sarioua cross
wind componsnta Cn the bases cutlined above the angle between the second cross rurmeey and the
nearsgt adjacent rumway may vary between 50° and €0°  An apsumed oriltical veloeity of 10 mph for
the second crosa rwmay can result in a cross component (V) which will vary between 7.7 mph and
B 7 mph Since these values approach 10 mph, it 18 believed practical to dimension the second
croe3 rumay for a critlcal velecity of 10 mph  Thus, for' a three-rurmmy airport, both cross
rumways are dimsnsioned for a 10 mph critlcal velocity The angle between the main rummy and
the firat crose rumwey should nmot be less than 60° , and the angle batwesn any two rurwmys should
not be less than 50°

A four-ruiay airport can be sald to comprise the main rumway, the firat cross rumay
(roughly at 90° to the main rumay) and a second and third cross rumwey In this case the method
for obtaining the critical velocity for the first cross rumway ia the same as for a two—runmay
alrport, and the bagls for obtaining the eritical veleoity for either the second or third cross
rurrmay 1g the same as for a three—rumway airport 1In a four-runway alrport, a mrimm angle
between any two rummmys of 35° could result in a maximum angle of 75° , and a bisecting wind of
20 mph could result in & c¢ross component of 12 2 mph A minimm angle of 35° , therefore is
recommended. Such an arrangement limlts the angle between the main rumway and the first croes
rurmay to a 70° minimum  The latter therefore can be dimensioned for a 10 mph critical velocity
a8 previously dlscussed Uslng figure 27 as a reference, the critical velocities for the ascond
and third cross runmweys may be obtained from the expresslon:

Ve = Vp xcac 8
also from fligure 27 Vn = V. sIn B

The angle (8} can vary between 35° and 55° so that an assumed critical velocity (V.) of 15
mph for the sscord and third cross rurways can result in a cross compoment (Vp) which will vary
between 8 6 mph and 12 2 mph  Since these values approximate 10 mph, 1t 15 belleved practical
to dimension the sscond and third cross runways for a critical velocity (Vo) of 15 mph.

Summarizing, the suggested critical velocities for cross rumeys for all clesses of alrports are
gz follows:

For a two-rurmay airportt one c¢ross rurmayf critical veloelty - 10 wph,
mrimim angle between ¢ross rurmay and main rumwey = 60°

For a three-rurmey airporti critical velocity for both cross rurmays = 10 mph,
minimim angle between main rurmway and one of the cross rurmmays — 60°%)
minimim angle Setween any two rwmays = 50°

For a four-rurmway; airport, critical velocity for one crose rmumay = 10 mphy
mnmmm angle betwsen that rurmay and the maln rumway - 70°p critical velocity
for remaining two cross rumaya = 15 mphj minimum angle betwsen any +two runweys = 35°
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It will be noted that in the preceding discussion the meteorologicel data invelving prevailing
wind velocities ars not consldered in determining eritical velocities In the cese of a four-
rurway elrport 1t 1s believed that the prevailing wind direction may be lgnored and that the
directional corientation of the rumways may be arranged best to suit the topography of the alrport
and surrounding areas, provided of course, that the mutual angularity between rurmays is 1n ac-
cordance with the msuggested mlnimumas, Where less than four rmuomeys are provided 1t would seem
advipable to arrange the rumways sc that at least one cross rwmey linea up with the prevalling
wind direction

It 18 belleved thet the foregoing conatitutes a practical and safe establishment of eritl-
cal wind velecitles to be used in reducing the dimensional requirsments of cross rurmways so as to
realize A maxmmum saving Iin total paving length

From consideration of these criticel wind velocities multiplying or reduction factors
may be determined which can be applled to the dimensions of the main rurmay to obtaln reduced
values for the dimenslons of the cross rumways  This 15 mccomplished ag follows:

(b} Determimation of Reductlon Factors

In congidering the effect of critical wind velocities upon airport dimensions,

1t appears desirable to present mumerical data in the form of coefficlents which
may be applied to the requirements for dead calm conditions to obtaln the reduced
requirements Two factors are involvedr (1) rwmway lengtha, and (2} obstacle
zoning ratiecs HReduction factore involving these factors are determined as follows

(1) Rumway Llengths Ae discussed previously in this repoert, the rurway
length is the sum of the take—off distance plus the distence required for the
airplane to roll to s stop should an enginme fallure eoccur at the point of
take-off

Both the take—off distance and the landing ground roll distance are cor-
rected for wind 1n accordance with the curve shomn in figure 25 To use this
curve for determlning the effect of wind upon unstick distances, 1t first 18
necessary to determine the ratio of the wind speed toc unetlek speed, (Vo / Vu)
When this velus has been obtained, figure 25 may be used to obtein a correctlon
factor which may be applied to the distance required to take off in a dead calm

When using this curve to determine the effect of wind on lending ground rell
distance, the ratio of wind speed to contact air epeed 1s the determning facter
According teo the basic criterleon for rummay lengths the airplane 1a brought to
rest after having attained unatick speed 1In effect, this involves a take-off
followed by a landang an whaich the unstick and contact speede are ons and the
same  Therefors, figure 25 may bs used to obtain rurmay length reduction factors
(K,.) when the ratios of wind speeds to unstick speeds have been determined

{2) Obstacls Zoming Batiocs As previously discussed in this report, ob~
stacle zoning requlrements are expregsed as the ratio of horizontal dietance
from the end of the runway to the obstacle divlded Ty the height of the obstacle
sbove the elevation of thse rummway  Specifically, they are detarmined from the
flight path ratlos involving the climb after take—off from 50 to 100 feet height,
as expreszed by the horizentsl dlstance traveled by the alrplane while climbing
from 50 to 100 feet divaded by 50 Therefore, any reductlon in this horizeontal
dlstance will result in a preporticnal reductien in climt path ratle. If thie
13 expressed ag & reducticn coeffliclent, 1t may be applied directly to zero wind
obatacle zoning requirements for determlming the effect of wind This 18 mec-
complished as follows

Obatacle zoning reduction coefficlents (E;) may be determined by evaluating
the rTatio ED,, / Dg) where (D) is the distance travelsd while heading inte a

wind, and (Do) 1g the dlatance traveled in a dead calm Now,
Dw = DO - A D - . (1)
Where {AD) 18 the distance that the airplane in effect was blown back
by the wind
D = Vg X1t - (2
Where (V._,) = the average wind velocity encountered by the airplane in

climbing from SOH?EO 10C feet and (%) is the time required to climb that distance

{Hgte The use of an average rather than a mean value 1n this case 1s believed
to pe sufficiently accurate )
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‘i’n = VWD p 4 m s (3)
Where (Vwo) 1s the wand speed on the ground, such as mlght be measured with an apsmometer

Vw50 V¥100
Y Vo < - (4

v, Varo
Two = 2

Where Vw50 1s the ratlo of the wind speed at 50 feet helght to the wind speed on
Vo the ground,

And Vw100 15 the Tatlo of the wind speed at 100 feet height to the wand =pesd on
Vo the ground

48 obtained from the curve in flgure 24

V50 Twl0g _
_VHW = 1 410 ard V, = 1 545
From equation #4 then,
V.
_m  _ 1,410 + 1 - 1478
Two
And Twa = Ywo x 1 478 (at the airport elevation) . (5)

The climbing time (t) is mot affected by wind and

1t - Dy (&)
vV, x110
(V) 1s the mir speed at the unstick point It is assumed that the average speed
between 50 amd 100 feet height is 10 percent greater than the unetick spsed This
assumption 15 supported by actual records

Yumerical Determination of Reductlon Facters

In applying the foregoing principles, unatick alr speed data are necesgsary for the numeri-
cal determinatlon of rurway length and obatacle =moning reduction factors  For the purposs of this
investigation, these speeds will inveolve the four classes of alrports as defined 1n the summary
of this report, and may be considered as the characteristics of four alrplanes, each of which 1s
marginal ag concerns the size of the mirport in question From line 5 of table 8, 1t will be aeen
that for the eight airplanes considered in this study (V,), at sea level, varies from 47 2 mph to
105 8 mph  For each class of airport, the following values of (Vy) w1l be used to determine the
reduction factors:

Class of Airport v, ¥
by 50
II 70
III 90
v 10

# Bea Level Values

In the above table & high valus of (Vu) was agsumed in each case So that the resulting values of
reduction factors will be alightly an the conservative side

The effect of altitude on (Vu) is determined in the following table 17 Im this table the
values of (‘E/F% )} &re obtained from table 12, and & multip factor (E,) is determned Sea
level values ‘of (V,) may be multiplied by (va to obtain (V,) at various altitudes

By combiming the assumed values of (V,} wlith the values of (K} listed in table 17, and
through the use of figure 25, 1t 1s posaible tc determine values for rumway longth reduction coaf-
ficients (Kr) for each clasa of airport et various altitudes and at varicus wind velocities  This
is mccomplished in the following table 18, the results of which are plotted in figures 28, 29, 30
and 31
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TABLE 17
AIR SFEED ve ALTITUDE FACTCR

Gaog- *

Altltude K

H b/, ”p P M
s] 0 910 1.058 1.000
1,000 0 877 1061 1.003
2,000 0 846 1 088 1.027
3,000 0.816 1107 1.056
4,000 0.784 1129 1.065
5,000 Q0 756 1 150 1.086
6,000 0 728 1173 1.109
7,000 0.701 1195 1.1
8,000 0 674 1 218 1 151
9,000 0.650 1 240 1172
10,000 0.6, 1.265 1195

# (Ky) ip determined as the ratio of '/e,/ st any geographical eltitude to 1ts value at
sea level P

In the following determination of reduction factors, vmlues are presented for a wide
range of wind velocitles, rather than for only the 10 mph and 15 mph velooities prevlisusly die-
cussed It is felt that this wlll improve the general utility of the report

By intarpolating between ourves, figures 28 to 31 inclusive mmy be ueed to obtain rurmay
length reduotion factors for each cleas of alrpert for amy altitwle up to 10,000 feet and for
any wind up to 30 mph,

The determination of cbstacle zoning ratio reduction factors (K;) first invelves the de-
termination of the time required (t) to climb from 50 to 100 feet heilght. This has been accom-
plished in table 19 in accordance with the princlples previously discuseed In this table,
(Vu), coluwm 2, was obtained from table 1B. (Zg), column 5, was obtalped from table 13

Having determnsd (t) in table 19, (Ky) 13 determired in table 20 in accordance with the
praincliples previcusly discussed

The values of (Kz) as listed 1n table 20 are plotted on flgures 32, 33, 34, and 35

The precise plotting of the data listed in the above tables will result in lines having a
slight curvature It was coneidered adequate, however, to plot these as etraight lines It mill
be noted that the alrport dimensions resulting from the straight llne plots, 1n general, are
slightly conpervative as compared to values which would have resulted from & precise pletting

Thess curves may be used to obtain obstacle zoming ratic reduction factors (Ez) for each
c¢lass of alrport, for any altitude up tc 10,000 feet, and for any wind up to 30 miles per hour
as previocusly noted, the values of (Ep) and (Xz) shown in figures 28 to 35 inclusive may be ap—
plied to such zerc wind requirements as eventually may be determined, even though these may
differ from the valuea recommended In this report

(¢} Application pf Foregoing Dats to Actusl Adrport Dimengions

In applying the foregoing data involving critical wind veloclties and reduction factors
to the obtainment of actual airport dimensions, the four classes of airports again will be con-
sldered Thus, 1n the following table 21, critlecal wind velecitles of O mph, 10 mph, and 15 mph
are included, and for various elevations up to 10,000 feet, the follomng items are determned

Rurway length reduction factor K. Cbstacle zoning ratio reduction fector Eg
Actual rumway lengths R Actual obstecle zonlng ratlos Z

The values of (R) listed in table 21 are plotted in figures 36 to 39 inclusive, and the
values of (2) are plotted in figures 40 to 43 inclusive The use of these curves will glve the
length of any rurmay and 1ts obstacle zoming ratio for all four clasges of alrports and for any
elevation up to 10,000 feest

As 1n figures 22 and 23, the curves of rwmay lengths versus altitude and of obstacls
zoning ratios versus sltitude are drawn sc that the curves for Claps III airports become critical
above altltudes where the dimensional requirements for Class ITI airports become more restrictive
than those for Claes IV alrports AS in figure 23, the flight paths involving an instrument
landing system are unaffected either by wind veloclty or altitude and a ratlo of 43 is indicated



VARTATTON OF RUNWAY WIND REDUCTION FACTOR (X.) WITH
GEOCRAPHICAL ALTITUDE, WITH WIND VELOCITY AND FOR
ATRPORTS CLASS T TO IV INCLUSIVE

TABLE 18
FOR CIASS T ATRPORTS FOR CILASS IT AIRPORTS
GBS | &y Vwo/Ty and . A s
FT V.u Vw-ﬁ = 10 = 15 = 20 - 25 = 30 u Two = 5 = 10 =15 = 2 =25 =
S1L 1 000 50 0 0100 0 200 0 300 0 400 G500 o 600 ™0 0071 ., 143 O 224 0 296 0 357 0.429
o8 | 06B7 | 0524 | 0395 | 0284 | 0194 o872 | o751 | 064y | 0540 | 0458 | 0 362
- 0095 | o1 | oz [ o3| o 474 | o 568 oot8 | 0135 | 0203 | 0oz;m | 0938 | 0.406
3000 | 1056 3 083, | 068L | 0544 | 0 420 | 0311 | 0 222 29 0880 | D765 | 0660 [ D5A2 | D470 | O 388
Q 092 0 184 0 276 0,368 0 460 Q 552 0 D&h 0 132 0 198 0 263 0.329 0 395
5000 | 1086 543 ce3 | 0691 | 0555 |04 | 0325 | 023 | °0 0.8 | 0770 | 0672 | 057 | 0487 | 0400
7000 Q 089 0 177 0 266 0 354 0 443 0 532 0,063 0 127 0 19C G 253 0.317 0 380
11 56 4 0 B42 0 701 ¢ 568 0 452 0 347 0 255 789 0.887 0 760 0 680 0 587 0 498 0 417
008, | 0168 | 0251 | 0335 | 0 419 | D 503 o060 | 0,020 | 0180 | 0239 | 0 299 | 0.359
10,000 1 1 195 597 0851 | 0715 [ 0.590 | O 475 | 0372 | O 282 86 0.892 | 0795 | 0 696 | 0.609 | 0525 | O 445
FOR CLASS IIT ATRPORTS POR CLASS IV ATRPORTS
D.056 0.111 0 167 0 222 0.278 0.334 0 045 0.G91 0 136 0 182 0,227 0 273
5L 1 000 90.0 0 900 0 805 0 720 Q 634 0 552 0 476 Hoo 0 919 0 B39 0 763 0 693 O &28 O 561
0053 | 0105 | 0.158 | 0 211 | 0 263 | 0 316 0.043 | 0086 | 0129 | 0172 | © 215 | 0.258
3000 | 10564 950 0902 | 0815 | 0731 | 0650 | 0572 | 0500 | “° 2K 0’920 | 050 | 07m | o708 | 6 642 | 0.5E1
0 051 0 103 0 154 O 205 0-256 0 308 0 042 0 084 0 127 0 168 0 209 Q251
5000 1 086 97 6 0 907 0 820 0 739 0 658 0 583 0 515 13 4 0 921 0 854 0 780 0 N7 o] 652J 0.591
l
0 Q49 0 099 0 148 0 197 0 247 0 296 0 040 0 o1 Q0 121 0161 0 201 0 242
7000 | 1123 | 101.4 0910 { 0.829 { 0746 | 0 67L | 0599 | 0.530 | 41 | 0923 | 0.es8 | 0790 | 0 725 | 0 665 | 0 604
0 01,6 0o 093 0 140 D 1B& 0 233 0,279 0.038 0 076 0 114 0,152 0 190 0 2688
0
10,000 | 1195 | 207 5 0.924 | 0837 | 0756 | 0 &0 | 0.619 | 0,553 | 1% § oi928 | 0.866 | 0 Boo | 0 740 | 0.680 | 0 625
NOTE:

(Xy) »us obtained from Table 17 {Page 76)
é‘fu) gt ses level was cbtained from pu.ia ™
Er) was obtained from Fig 25 (Page 5b)




TABLE 19
DETERMINATION OF TIME (t) TO CLIMB FROM 50! TO 100f
(1) (2} {(3) {4) (5) (6) N (8)
Clasas Yu Vu V'Ll Zo DO t t
of HPH |[FPS betwesn {Zomang (Zero Wind (6Y/(4) | Assumed
Alrport (2) x 1 467 |50 x 100' |Ratio at | 50! te 1001)
(3) x 110 |Zerc wrd) | (5) x 50
ALTITUDE - SEA LEVEL
T 50 73 80 6 130 €50 g0
Ir 70 102 6 112 9 18 O Q00 g0 g 0
I11 90 132 © 145 © 2390 1150 79
Iv 110 161 2 177 3 28 0 1400 79
ALTITUDE — 3000 Feet
I 52 B 77 4 B5 0 17 6 880 10 3
11 739 108 3 119 2 24 3 1215 10 2 16 0
ITI 95 0 139 2 153 0 911 1555 10 2
v 116 2 170 b 147 5 31 6 1580 x 8 4 % 45 %
ALTITUDE - 5000 Feet
1 54 3 79 6 87 7 216 1080 12 3
1I 76 0 111 5 122 5 299 1495 12 2 12 0
111 57 6 143 3 157 8 38 2 1910 121
v 119.4 175 0 192 2 343 % 1715 % 89 = B 5
ALTITODE - 7030 Teet
I 56 4 a82.7 90 9 26 6 1330 145
¢ 78 9 15 5 127 0 36 G 1845 14 5 145
ITI 101 4 149 0 163 9 47 1 2355 L4 4
v 124 1 182 0 200 © a7 2 % 1860 = 93 G0 %
ALTITUDE - 10,000 Pest
I 59 7 87 5 g6 3 37 2 1860 19 3
IT g6 122 5 135 © 51 5 2575 15 1 19 0
111 107 5 157 8 173 5 65 8 3290 13 9
v 131 5 192 9 212 0 % 421 % 2105 » 100 %] 100 %

# Involves assumption that alrplanes using Clasa IV airports

supercharged
Values of V,; were obtained from Table 18 (Page 79)
values of Zg were cbtained from Teble 13 (Page 32)

At 10,000 feet elevation - 1/Epp - 5

Unsupercharged 2 860
Supercharged 1.505




DETERMINATION OF CBSTACLE ZONING RATIO REDUCTION FACTURS

TABLE 20
Ymy (MPH % 0 5 10 15 20 25 30 0 5 10 15 20 25 30 a 5 10 15 20 25 0
(FP S
Vrm = Vo X 1 467 T 1 478x) O 06 218 327 437| 545| &5 5 C | 109 | 218 327 437|545 65 O [we| @ 327 37| 545 &5 5
At & Timess At -3L t{I-Iv) =8 ¢ Alt = 5000 Ft £(I-III) =220 t{T¥) m 9 O Alt = 10,300 Ft t(I-TIT} = 19 0 +(I¥) = 10 O

Vm X t = A D {I-ITT) o 871 174 y 2621 350 42| s; 0 1n 262 | 392 525 655 787 o 27| 45 & 831 | 1035 | 1245

Vg X t =A D (TV) O B7) 174l 262 350 43| s5:m Y 98 196| =294| 393 | 490 | 590 O 109 28| 327 4371| 545 655
In ﬁclaaﬂ I) 650 563 476 | 388 300 LAV - 1080 949 618 bag 555 425 33 1860 | 1653 | La45 | 1239 | 1029 825 615
Dn (Class IT) goc| 813 726 | 638 | 550 | 464 | ITY 1495 | 1364 | 1233 | 1103 970 840 708 2575 | 2368 | 2160 | 1954 | 174 | 1s40 | 1330
Dw Eclaua 1IT) 1150| 1063 976 888 B0 T 627 1910 | 1779 | 1648 | 1518 | 13685 | 1rs5 | 1123 3200 | 3083 [ 2875 | 2660 | 2459 2255 | 2045
Dn {Class IV) 1400| 1313 | 1226 | 1138 | 1050 | 9&4| &7y 1725 | 1627 | 1525 | 1431 | 1332 ) 1235 | 1135 2105 | 1996 | 1887 | 1778 | 1668 1560 | 1450
X3 {(lase I) 1 000|0 B67 [0 733 |0 597 |0 46210 329 0 195 1000|0878 (0758|0636 (0514 (039 |0 271 1000|0689 0775 |0 6& (05510 442 |0 330
Ky (Class IT) 100010 905 |0 807 |0 708 |0 611 | 0516 | 0 418 || 100G |0 913 |0 825 |0 735 |0 649 |0 561 |0 474 || 1 ooo 0921 (0839 (0760 |0 678 | 0 598 [0 516
Kz (Claas ITI) 1000(0 925 |0 848 [0 771 |0 695 | O 620 | O 545 1000|0931 (0861|0793 (072 |0 656 |0 528 1000|0937 |0873|0B11|0 748 0 685 [0 622
Kz {Class IV) 1 000(0 938 [0 877 [0 B13 | 750 | O 62€ | O 627 100010943 (0685|0830 |0 7720715 |0658 || 1000|0947 0895 (082 |0 71| 0 70 |0 6a8

Nt & Tee ALt - 3000 Ft £(I-III) =100 &{IV) =8 5 Alt - V000 Ft G(I-IIT1) = 14 5 t(I¥) = 9 5

Veg Tt 24D (I-11D) 0] 109 | 18| 327 | 437| 545| 655 O 18| 36| 44| 634 | 0| 950 » See Page 77

Vaxrt=4D{IWN Cl 93| 18s| 27| 371| 4bz| 555 Of 104 | 207 31| 45| 517 | 622 s See Totle 19
Dw {Class T) BEQ| TTL| eb2| 553 | 443 | 33| 225 || 10| nva | w014| 8s6| é9e | 540 | 380 (Dm) &t wind speeds is dstermined by
Dm {Class TI) 145) 106 | 997 | @88 | e | 670| s6b || 1mAs | 1687 | 1529 | 1370 | 17 | 1005 | 895 sabtracting (A1) from (Dy} at zers
Dy (Clams III) 1555| 1446 | 1337 | 1228 | 1118 | 1010 900 2355 ) 2197 | 2039 | 1881 | 1721 | 1565 | 1405 Fand spe
Dn {Clans IV) 1580| 1487 | 13%5 [ 1302 | 209 | 1118 1025 1860 | 1756 | 1653 | 1549 | 1445 | 1343 ( 1238 (K;} 18 determined by dividing (Dm) at
Kz (Class T) 10c0lo 87610 751 [0 627 |0 502 {03800 255 || 1000 |0 amy |0 761 | 0 643 |0 525 |0 405 |o 287 sach vind apeed by (Dw) &t zemo wind
Ez {Clage II) 1000(C 910 |0 819 |0 729 10 639 |0 550 | 0 460 || 1000 |0 915 |0 827 |0 742 {0 657 |0 57 |0 485 e
Xz (flasg III) 100010 529 [0 H&D |0 789 [0 718 [0 65000578 |[ 1 000 |09 [0 866 0 799 |0 730 |0 66z |0 596
Ez (Clasa IV) 100010 540 |0 882 |0 825 10 764 [0 707 (G 649 || 1000 |0 944 {0 839 |0 @31 | 0 776 |0 723 |0 &6

TH



82

wherever radio instrument landing aystems are involved, exgcept thatl the ratioc indicated by the
curves should be provided if 1t exceeds the ratioc of 43 mentioned above

Te 11llustrate further the applicatlon of the foregolng deta, figure 44 18 a sketeh of a
hypothetical Class IV airport located at sea level and havang four pairs of dual rumways at 45°
to one another The dimensicns noted on this sketch are obtained from figure 3% Thus, the zerc
wind runway 18 4,800 feet long The boundaries of the airport sre moved out so that the fence is
600 feet away from the centor lines of the rurways and a distance of 600 feet between the center
lines of the rummys 15 shomn  This is In accordarce with the suggestions set forth urder con-
clusions Cbstacle zoning ratios, which start from the ends of the rurmmys, should be obtained
from figure 43  These wouid be 28 0, 25 5, and 23 O respectively

The total paving length a8 Indlicated by flgure 44 13 ag follows
4,B00 x 2 + 3,650 % 4 + 4,050 x 2 = 32,300 feet

If no account were taken of the pessible reduetlen of rumwsy lengths dus to winds, the
total pavaing length would be

4,800 x B = 38,400 feet
Apsumng nc change in the length of the taxy strips and assuming a rumway paving width of
200 feet and a paving coat of $1 50 per square yard, the consideration of the affect of wind on
rumay lengthe would result in a saving of
0
(38,400 - 32,300} x 232 x §1 50 = $203,300

(d) Correlation of Oheerved Characteristics wath Adrport Dlmensions an relation
t0 Wind Effsect

It 18 poseible to correlate the obaerved performance characteristics of any alrplane with
any airport relative to the effect of wind upon ruwmay length and cobstacle zmoming ratic require-
ments, provided adequate data are availsble

An exarple of such correlation i1s presentad in table 22 involvang Airplane (H), the
airports at Burbank, California, Salt Lake Caty, Utah, and Cheyemne, Wyoming, ard involving a
critical winc speed (Vgp) = 10 mph Table 22 also shows a comparison of the values of rummay
lengthe (R) and obstacle wmoming ratics (2) as obtaimed for Airplane (H) through correlation of
observed characteristics with actual mirports, =5 against values obtained for Clasa IV alrports
in figure 39 and figure 42 Alrplana {H) has characteristics that are nearly marginal a8 con—
cerna Class IV mirports The percentage differences {(linea 15 and 18) imdicate that the method
used to determine requlremsnts for all four classes of airports, considering the effect of wind,
1s reascnable and that the results so obtained are in fair agreement with resulta cbtalned by a
correlation of observed performance data with actusl airports

{e) Consideration of Rwmays daving Only Part of Their Lengths Paved

As previously discussed, the general standerd or criterion for the length of any ruwrmmay
1nvolves the distance from atart to unstick plus a reserve length to permlt the airplame to roll
safely to a gtop in the event of an engine failure during the take~off at the point where ths
wheels are jast leavling the ground

In view of thig, 1t would appear unnecessary to provide more than enough paved rummay to
accommodate the airplane while 1t 15 rolling on the ground, so long as the surface of the reserve
portion 18 not so roigh as to cause the airplane to nose over before 1t comes to a stop.

[}

With such an arrangement, the take—cff would be started from one end of the paved portion
armd the airplane would normally leave the ground before runming off of the pavement  The unpaved
pertion would not be used except in an emergency dus to engine failure,

This arrangement would Tesult in an appreclable saving i1n paving costs, but would neces-
sitate the provislon of an emergency strap at both ends of the pavement, since take-off3 would
be made in both directions; ard this in turn would result in 2 total length greater than that
indloated by the basic length craterion and would bs practical only when plenty of suitable land
w3 avallable

Where rurmay lengths camnot be extended beyond the mimmum criterion valuss becauae of
geographioal or other limitations, full length paving must te provided to accommodate take-offs
1n both directions

The partlal pavement arrangemsnt may offer distinet advantages in gsome localities



DETERMINATION OF RINWAY LENGTHS (R) AND OBSTACLE ZONING RATIOS (Z),
AS AFFECTED BY WIND AND ALTITUDE, ATRPORTS-OLAS3ES I TO IV INCLUSIVE

valuea for (Kg) are obtained from Figs 28 to 31 inclusive

Values for (K7) are cbtained from Flgs 32 1o 35 inclusive

values of (R) ard (7) for zero wind veloelty were obtained from Table 13

#funway length and obstacle zoning requirements for Classes I, 11, & 11 airports

are based upon the use of unsupercharged engines wille for Class IV airporta the
use of supercharged engines 15 mssumed

TABLE 21
Kg = Runway Reduction Coefficient, Kz = Obstacle Zoming Ratio Reduction Ceoefficient
GEOG
ALTITUDE | ITEM clTas59 I 0L &S5 II 0T ASS III CLASS 1V
FEET
Kg Voo = 0 Voo = 10 [ Vo =15 | Vo =0 | Vup =10 |Vep =15 | Vo = 0 Voo = 10 Vo =15 | Vo =0 |V = 10 | Vg = 25
R 1 000 0 667 0 524 1 000 0 751 0 644 1 000 0 dos 0 720 1 000 0 839 0 763
L K7 1 000 0 733 0 597 1 000 0 807 0 708 1 000 0 848 olriral 1 000 0 877 0 B13
5 R 1800 1200 943 2800 2104, 1800 3800 060 2735 4800 4020 3660
Z 13 0 g5 78 18 0 145 12 7 230 19 5 177 280 25 6 22 7
kg 1 000 0 681 0 544 1.000 0 765 0 660 1 ooo 0 815 0 731 i 000 0 850 0775
oo | ¥z 1000 | 075l 0 627 1000 0 219 Q729 1000 | 0860 0 789 1 000 0 ge2 0 825
R 2182 1486 1186 3394 2600 2240 4606 3755 3370 5381 4570 4170
2 17 6 13 2 112 243 199 17 7 311 26 8 24 5 31 6 27 9 26 0
Ky 1 000 0 M1 0 555 1 Q00 0 770 0 672 1 000 0 820 0 739 1 000 0 BS54 0O 780
000 X7 1 000 0 758 0 636 1 00G 0 825 0 739 1 000 0 861 0 793 1 006 0 885 0 830
3 R 2506 1733 1391 3868 3000 2620 5290 4330 3910 5818 4970 45735
Z 216 16 4 13 8 209 24 6 22 0 3g 2 93 8 310 34 3% 0. 43t 28 5x%
Kg 1 000 0 701 0 568 1 0o 0 780 0 630 1 000 0 829 0 746 1 000 0 858 0 790
2000 Xz 1 900 0 761 0 643 1000 0 827 0 744 1 000 0 BbE 0 799 1 000 0 B9 087
R 2893 2028 1643 4500 3510 3060 6107 5065 4560 6298 5400 4075
Z 26 6 2002 171 36 9 30 5 27 4 471 L0 B 37 6 37 2% 33 0= 31 Ox
Ex 1 030 o 715 0 590 1 000 0 795 0 696 1 000 0 837 0 756 1000 0 B6b 0 800
10000 Kz 1 000 C 775 0 &b 1 000 0 839 Q780 1 000 0 873 0 411l 1 0oe 0 495 O 842
’ R 3665 2625 <165 5701 4530 3970 ey 6470 5850 7099= 61504 S5675%
l yA 37 2 28 8 [ 24 7 51 5 431 39 2 65 8 575 53 4 42 1x 37.7# 35 4x
HOTE

e
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CORRELATION OF OBSERVED NORMAL FERFORMANCE CHARACTRERTSTICS WITH AIPFORT SIZE
INVOLVING ATRPIANE (H) AND A 10 M P H WIND VELOCITY

TAELE 22
Voo = LOMPI
Vap = 10 x 1 467 x L 478 = 21T F P S . See Pags 77)

LINE NO GEOGRAPHICAL ALTITUDE (Fag 20) £95 4220 6145
1 {V4) Unstick Speed (M P H ) g8 7 107 3 110 3
2 (Rg) = Reguired Rurmmy Length (Zero-Wind} 4730 710 5940
3 (Zo) = Obst Zoning Ratic (Zero-Wind) 28 0 33 0 35 2
4 (Do) Dast While Claumbing From 50' to 1001 1400 1550 1760

Y. 10

3 '%ru = Iane #1 0 102 0 093 G 050

é Kp (From Fig 25) 0 82 o : %! 0 84

7 Rurmmay Length, {(R1g) = {lane #2) x (Jane #&)| 3880 4750 4980
8 Vux 110 x147 (FPS) 159 173 178

_ {line #z)

9 (4) = /(Linla 48y 88 95 99
10 {(AD) = 217 =xt 151 206 215
1 790 = Do~ AD 1209 1444 1545
12 Z10 = chy 24 2 28 9 30 9

50
COMPARTNG VALUES FOR ATRPLANE (H) WITH VAIUES FOR CLASS IV ATRPORTS
(See Figs 38 and 42)

13 Ryg (Class IV) (Fag 39} 4150 4810 5200
14 Difference = (ILine #13) — (lane #7) 270 &0 220
15 Fercentage Diff = (Line #14/(1?.1:13 #7) 70 1 3% FAX )
16 210 (Class IV) (Fig 43) 26 0 29 6 32 0w
17 Difference = {Line #16)—(Line #12} 18 cr 11

o (line #17)
18 Percentage Diff (Iire #12) 7 5 2 3% 368
NOTE:
#From dotted extension of 10 M P B wind curve (Fig 43) (Axrplane (H) 18

supercharged )
The valusa llsted in lines #1 tc #4 inelusive were obtalned from Table 14.

The airports and elevations inveolved in this correlation are Burbank,
California, at 695 ft , Salt Lake Clty, Utah, at 4220 ft j and Cheyemns,
Wyoming, at 6145 ft

Quantitative values of such lemgth requirements, therefcre, are determined as followse

It 15 believed that the pavement should accommodate landling ground reolls as well as take-
off runs  From inspection of figure 21, 1t will be seen that for blind landings the grourd roll
requires approxamately 60 percent of the basic runway length  Take-off distances are less criti-
cal If 1t 1s assumed that only 60 percent of the basic criterion rurmay length need be paved,
it w11l be necessary to provide emergency atrips at both ends of the pavement, the lengths of
which are 40 percent of the criterion length  Thus, the total of the pavement length plus the
lengths of the two emergency gtrips becomes 140 percent of the eriterion length

Obstacle zoning would gtart at the snds of the emergency strips



APPENDIX NO 4
Tabulatlons oft
ACCIDENT DATA
PERFORMANCE DATA

METEOROLOGICAL DATA

SUMMARY OF TARE-OFF ACCIDENTS INVOLVING ATRILINE ATRPLANES

TABLE 23

Ro.

Place and
Year

AMrcraft Type

Ko BEng & Totel Demage to Remarks
HP {Tske QOff) A rplane

Mlwmaukee,
W sconsin
1934

12 PCIM

2 - 900 Waghout This night take off acgcident wes caused by the
misfunctaioning of the fuel gage which indicated
that the L § tank wes ome-half full the pllot
took off wmath the selector valve on the L H
tank. After attaiming a height of about 30 ft
and after having switched off the landing 1lighta
the L H englme atopped Jusat after the selec-
tor velve hmd been turned to "BOTH ON® the air-
plane contacted the ground. At this time the

L H engine started again and the alrplane took
off At a helght of 60 feet the R H engine
stopped The airplane swerved to the right,
dropped the raght wing, and became uncontrol-
lable TInspection after the crash imdicated
that the I § tank had been practically empty

¢olumbus,

1935

16-18PCIM

2-1750 Major This day take off accldent was due to carbure-
tor 1ce which caused the R H englne to rev-
down just off the ground The sirplane swerved
to the right, dropped the right wlng amd becams
uncontrollable The right wing struck the
ground Distance from start to stop was 23C0
ft Runway length 3500 feet

# A - Fatal,

B - Serious, C - Mnor, D - Uninjured

sg



TABLE 23

(Cont'd 2)

Ro

Place and
Year

AMroraft Type

No. Eng & Total
HP (Take-0ff)

Damage to
Airplane

Remarks

InJuries %
ABCD

Detrolt, Mich
(¢ity Adrport)
1935

16-18pcIM

2 - 1750

Overhaul

This night take-off accident was due to car-
turetor lce which caused the L A englne to
rev-dcmn at & height of 18 ft+ The sirplane
swarved to the left, dropped the left wing
and becams uncontrollsble The alrplane
crashed to the left, 600 £t out of the run—
way area and off the alrport Weather condi-
tions ineluded a freeging mist Dhratance from
start to stop wmas 3900 ft HRunmy length
5400 ft

35

Buffaleo, N Y
1935

16-18PCLH

2 - 1750

Major

The caunse of thie day take—coff aceldent was
not determined when Just off the ground apd
at an airspeed of about 80 m ph the L A
englne reved domn  The airplane swerved to
the left and the left wang dropped It mas
1mposaible to maintain control until the R H
englne was throttled The airplane then
landed off the runway with the landing gear
partlally retracted [Daistance from start to
stop was 2000 't FRunway length 2800 ft
Rain and haze Vis 3 mi

16

East St Louis,
I1linoie
1935

11 PCLB

3 - 780

Major

This day teke-off aceldent was caused by care-
lesaness and negligence in that s take—off was
attempted with the aileruns locked The pllot
cut the throttle but was too late to aveold a
ground lgop

Plttaburgh, Pa.
1935

10 proLM

3 - 760

Overhaul

This night take off accadent was caused by
water 1n the fuel Ail engines stopped at a
height of 50 £+ The pilot landed straight
ahead with wheels retracted but s1id off the
end of the earport [dstance from start to
gtop was 4000 ft 3500 ft availsble

San Francilaco,
California
1935

13 rclM

< - 1100

Major

This day take off mceadent was caused by fog
on the mirport about 30 ft deep The air-
plane took off bland and after traveling
about 3000 ft from the start, hit a dike
about 5 ft high Tias danaged the landing
gear s0 that the airplane sustained addition-
al damage on landing




TAHLE 23

(cont'd 3)

Place and
Year

Areraft Type

No Eng & Total
HP (Take-0Off)

Damage to
Airplanse

Remarks

Injuries %

3t Paul, Mimn
1936

12 PCIM

2 - 900

Overhaul

This day take off accident was cmused by careless-
ness and negligence in that the anow, which had ac-
cumilated on the vangs was not cleaned off before
attempting to take off. The alrplane struck a snow
bank and settled off the mirport There mas a light
fog and medium snow wss falling Groas weight
(actaal) 7308 1bs

Albany, N Y
1936

11 PCLB

3 - 700

Waghout

e cauase of this day take—off accident 15 belreved
t0 have been 75% due to the shifting of the wind
and 25% due to glow response to comtrols  The air—
plane struck a snow drift on the gids of the runway
and ground looped Visibility clear and unlimited

10

Louisville, Ey
1936

16-18PCLH

R-1750

Ovarhaul

This night tske off accldent 1a belleved to have
been caused 504 by carslessness and negligence and
504 by 1ce on the wings Iee accumrlated on the
wings while the airplane was being refueled and
loaded A take off was attempted with this ice on
the vangs At a height of 25 ft the left wing
dropped, the alrplane settled to the ground and
ground leoped The distance from start to atop was
4000 £+ A five mlle per hour wand wae blowlng and
there was a light freezing rain

16

Washaington, D C
1936

16-1BFCLN

2-1750

Major

This day take off accidsnt 135 believed to have been
caused 70¢ by carelessmeds and negligence and 30%
by lcing conditions In spite of these conditions
combined with slush and snow on the field, a take
off was attempted Although the alrplane bounced
off the ground seversl times, it never was able to
maintain flaght  After uaslng 3000 ocut of an avall-
able 4500 ft +the throttles were cut The alrplane
continued through the fence A 7m p h tall wind
vas blomng

# A - Fatal,

B - Serious,

G - Minor,

D - Ominjured




TABLE 23

(Cont'd 4)

No

Place and
Year

AMreraft Type

No PEng & Total
HP (Take—Off)

Damage to
Airplane

Remarks

12

Lansing, Mich
1936

17 pc1M

3 - 1290

Minor

This day take off accident 1a believed to have
been caused 504 by carelessnedgs and negligence
and 504 by poor design of the fuel system It
was declded after the accident that the co-
pilot had accidentally partially closed the fuel
valve t0 the R H engine while entering his seat
'The engine stopped after the airplane had run 500
feet but while it was st1ll on the ground The
alrplane 1mmediately went out of control and
sworved to the right of the runway This type of
alrplane 18 no longer used Modern designs lo—
cate fuel valves in gefe vislhle position

13

Miami, Fla
1936

12 PCIM

2 - 900

Overhaul

Thrs day take off accldent wms caused by care—

lessness and negligence in that a teke off was

attempted with the rudder locked The airplane
awerved from 1ts course,went up on 1ts nose and
dropped back

Cheyenne, HWyo
1936

13 PCLM

2 - 1100

Overhaul

The cause of this might take off acecldent wms not
determined The R H engine stopred at a height
of 30 ft after the alrplane had traveled about
3000 ft  The alrplane swerved to the raght,
dropped the right wing and became uncontrollable
The airplane atruck the ground wlth the landing
gear partilally retracted Tnstance from start

to step wasg 5100 ft Runwey length 4370 ft

15

Burlington, Vt
1936

11 pCIM

3 - 6845

\ashout

This day take off accaident was caused by poor Judg-
ment on the part of the pirlot who attempted a take
off mth only two of the three engines operating,
namely, the center and L H engne As the alr-
plane took off 1t turmed to the right and the right
wing was low The nose wes pulled up to clear scme
trees about 250 ft  to the gide of the runway and
about 30 ft high This resulted in & complete
stall The airplene swung sharply 180 to the
right and crashed

% A - Fatal,

B - Sericus,

C - Minor,

D - Uninjured




TAHLE 23 (Cont!d 5)

No Place and Atrcraft Type | No Eng & Total Damage to Remarks Injumes #
Tear H P (Take-Off) A1Tplane ABCD
16 | columbus, Ohio | 16-18pcLM 2 - 1750 Overhaul The cause of this night take off accident was not de— 14
1936 termined At an air speed of sbout 65 mp h , but
wWinle the airplane still was on the ground, the L H
engine reved down  The eirplane gwerved to the laft
oif the runway and ground looped in soft mud
17 { Fairbanks, 12 PCLM 2 - 900 Overhaul | This day take off accident was caused by some soft 7
Aaska snow on the R H side of the runway The alrplane
1937 was equipped with wheels instead of skis when the
R H wheel ran into the soft anow, the airplane
turned to the right  when both wheels ran into deep
anow, the airplane nosed over
18 | Cheyemne, Wyo 24, PCLM 2 - 2000 Overhaul | Thas nmight take off aceldent was due to lack of ap- 12
1937 preciation of the effect of enow on the wings A
moderate wet snow was falling when the take off was
attempted The start wes normal but the airplane
would not leave the ground, The propeller piltch was
reduced still further which permitted the engines to
speed up  Since the pilot expected the mirplane to
goet off, he continued outside of the airport ocundary
before cuttlng ms engines The airplane finally came
to rest 1500 ft beyond the boundary of the sirport
Runway length 4000 fi
19 | Daytona, Fla 16-18pcLy 2 - 1750 Washout It is believed that this night take off accident was 4 5
1937 due to carelessness and negligence in that a row of

electric pover line poles had been installed the day
before the accident happened and s yet were unlight—
ed The mirplane arrived at 4 30 A M and left at
4.35 AM The pilot had not left the cockpit and
evidently kmew nething of the poles  The engines
functioped perfectly and the airplane was about 20
ft Igh when 1t struck the pole after having travel-
ed about 2505 ft  The runwey was 2371 ft long

# A — Fatel, B - Serlous, C - Minor, D - Uninjured




TABLE 22 (Cont'd 6)

No

Place and
Year

pircraft Type

No Eng & Total
HP (Take-Off)

Damage to
A rplane

Remarks

Injuries #*
ABCD

20

Newark, N J
1938

25 PCLM

2 - 2000

Minor

This night take off accident was caused by lack
of complete understanding as to the serdousness
of 1ce and somow on the wings  Although an ef-
fort was made to clean off the snow that had ac-
cumilated on the wangs, a coating of rough ice
vwith some snow remained, and a take off was at-
tempted  The engines functioned properly and a
take oft speed of 82 m p h was attsined. The
airplane would not climb after getting off but
mished back into the ground ard continmed be-
yond the boundaries of the airport  Runway
length 2200 ft there was 1z" to 2 of snow on
the ground and snow was falling

14

A

Aldak, Alaska
1938

10 PCLM

1 - 3575

Minor

This day take off accident was caused by the
mechanical failure of the gki stand which evi-
dently broke on the take off, but which wams not
discovered until the airplane was about 50 {t
in the air The pilot then cut the switches and
landed on the RH sk and L H axle

Concord, N H
1938

12 PCIM

2 - 90

Major

It 15 believed that this day take off accident
was caused primarlly by carturetor ice which
caused the R H engine to lose power shortly
after starting Gusty cross winds may have con-
tributed to this accident  After traveling
about 400 ft the airplane swerved to the right
and struck a 6 ft snow bank  These snow banka
were plled along the entire length of both run-
veys when they were cleared of snow Dlstance
from start to stop was 400 £t Cleared runway
area length vas about 3500 ft  The turning ten-
dency could not be controlled

22

Totals

513 6133

Total number of persona involved in these
accirdents

157

* A - Fatal,

B - Serious,

¢ - Minor,

D - Tninjured




SUMMARY OF LANDING ACCIDENTS INVOLVING AIRLINE ATRPLANES

TABLE 24
No Place end hircraft Type | No Eng & Total | Damage to Remarks Injurles #
Tear HP (Take-Off) Alrplane ABCD
1 Bosten, Mass 10-12PCLB 3 - 780 Overhaul This mght landing aceident appears to have been 7
1934 caused 50f by carelessness and negligence and 50%
by bad weather Icing conditions caused the mand—
-h1ield to become frosted This combined with
darkness was a contributang factor The right
vheel struck & 5 £t pils of rocks about 30 ft
cutside of the boundary Llghts
2 Cleveland, 17-18PCLB 2 = 1440 Minor Thls day landing sccldent was caused by the mis- ?
Chio functioning of the tail wheel which started to
1934 shimmy after stricking a kmeoll It finally broke
loose
3 Kansas City, 13 PCIM 2 - 1100 HMinor This day landing accident was belaeved to have 1
Migsoura been caused 80% by carelessness and negligence
1334 and 20% by mechanieal failure  The pilot failed
to lowsr the landing gear and the warning sienals
fai1led to function
4 Cheyenne, Wyo 13 PCIM 2 - 1100 Minor This aay landing eccident appesrs to heve been 7
1934 caused entirely by poor judgment  The pilot came
in high and fast, overshot the field and clipped
a fence with the wheels and stabilizers  He then
circled the field and lamded (3900 ft runway }
) St Paul, 12 PCIM 4 - 900 Minor This mght landing aceident was due to the mech- 6
Minnesota amcal failure of the drive shaft of the landing
1934 gear retracting mechaniam  The pllot was unable
to extend the left wheel and was forped to land
with gear retracted
b Agawam, Mass 17-19PCLEB 2 — 1440 Minor This day landing accident was caused by the mech- 14
1934 amecal failure of the ta11 wheel which broke after
a normal landing and a 300 £t pground rell
# A - Fatal, B - Serious, C - Mincr, D - Uninjured

6



TABLE 24 (Coent'd 2)
No Place and Airereft Type | No Eng & Totel | Damage to Remarks Injures %
Year HF {Take-Off) Arrplane ABCD
7 Arkadelphia, 17-18PCIB 2 - 1440 Mnor Tms day landing accident was caused by the landing 11
Arkansaa gear The co—pilot lowered the gear ms the approach
1934 was made Signal laight showed green, but after a
short T0ll the gear retracted and airplane nosed up
5} Iittle Rock, 17-18pCLB < - 1440 Major Thia nlght landing accldent waa belleved to have been 6
Arkmnasa caused 50% by poor judgment and 50% by weather  The
1934 rilot overshot the field wnch was wet so that the
wheels skildded when the brakes were applied and the
airplane crashed into a fence. 4 four mile wind was
blowing at 45° to the runway and the visibility was 6
m The runway was 4000 £t long
9 Camden, N J 17-14PCLE 2 - 1440 Major This night landing accident appears to have been 6
1934 caused £0% by poor pilotang technique and 40% by a
mechanical failure of the landing gear A hard land-
ing was made causing the airplane to bounce After a
short roll thke gear collapsed
10 Columbia, S C 16-1BPCLM 2 - 1750 Major Fog condition. were largely the cause of this naghl 10
1934 sccident  Tha prlot saw two green laghts ana thoupht
that they marked the beginning of the runway  The
glrplane struck an embanimment, which folded up the
landing gear, and skldded to a stop The celling was
70C ft and there was mist and rain
11 Charlotte, 17-18PCLR 2 — 1440 Major The mechanical failure of the landing gear was the 12
NG cause of this mght landing accident A normal land-
1934, ing wes mede, but after a short roll the lanthing gear
collapsed
12 geranton, Pa 10-32PCTRB 3 - 780 Overhaul | This day lending accident 18 believed to have been 4
1935 caused 20% by carelessness and negligence and 0% by
mechanmical misfunctioning The left brake became
packed with snow during & previous teke off so that
1t failed to hold The airplane struck a hangar
% A — Fatal, B - Serious, C - Minor, D - Umnjured




TABLE 24 (Cont'd 3)
No Place and Aireraft Type | No Eng & Totel| Damage to Rewarks Injuries
Year HP (Take—Off) | Airplane ABCD
13 | Pattsburgh, Pa 16-18PCLM 2 - 1750 Minor This night landing accident was caused mainly by a 5
1935 gusty 12 m.r h wnd blomng about 20° to the run-
wey  This 1dfted the left wing causing the right
wing to scrape the ground
14 | Washington, D ¢ | 17-18PCLB 2 - 1440 Mejor This night larnding accident was caunsed by the mech— 16
1935 anical failure of the left landing gear which felded
up after relling a short distence in 2 normal landing
15 | Fort Worth, 17-18PCLB 2 — 1440 Manor Tns day landing accident was caused by the mechanical 2
Texas misfunctioning of the landing gear which locked 2/3 of
1935 the way down  Landing was made with gear 1n this
position
16 | Newark, N J 16-18PcLM 2 - 1750 Minor Thls night landing accident was caused largely by 15
1935 weather and to a small extent by lack of supervision
After & normal landing the airplane rolled through a
deep puddle of water, the force of the water demaged
the right flap
17 | Buffalo, WY 16-18PCLM 2 - 1750 Overhaul | This night landing accadent was caused by fog condi- 1
tlona with poor piloting techmique as a contributing
factor Ianding was made in thick fog scraping left
wing on ground
18 | Buffalo, N ¥ 16-18priM 2 - 1750 Overhaul | This day landing accident wes caused mainly by lack [
1935 of supervision on the part of the airport mansgement
Pilot came i1n low with power Right landing gear
struck an unmarked pile of c¢inders which broke the
wneel (3000 ft runway)
15 | ogden, Utah 13 pCcIM 2 - 1100 Minor It appears that this day landing accident was caused 8
1935 604 by poor plloting technlgue and 404 by the mechani-
cal msfunctioning of the brakes After using sbout
1980 ft of 8 3130 £t runway there were only about
1150 £+ in which to stop after contact  The brakes
failed to hold when applied, a right turn was made and
the left wheel drupped into a 3 ft daiteh outside of
the boundary of the exrport (Altitude of Airport
4725 £t )
# A — Fatal, B - Serious, ¢ - Miner, D - Unlnjured

E6



TABLE 24  (Cont'd 4)
Ko Place and darcraft Type | No Fng & Total | Damage to Remarks Injuries *
Year HP (Take-Off) Arrplane ABCD
20 | Washington, D C 16-18PCLM 2 - 1750 Minor This day lending accldent was caused by the mechan- 6
1935 1cal faalure of the tall wheel which collapsed when
1t struck a rough spot after a nmormal landing
21 | Newark, N J 16-18PCLM 2 - 1750 Minor This day landing accident was caused by the mechan-— 10
1935 1cal failure of the tairl post frame which broke af-
ter landing and while rolling on the ground
22 | Murfressboro, 17-1BPCLB 2 - 1440 Washout Thas might landing aceident 15 believed to have been 31
Termessee caused 20¢ by fog and &% by an error of the co-
1935 p1lot  The ground fog was about 75 £+t thick  Three
approaches were made, overshootding the field 1Im
¢limbing out after the third approach co-pilot pulled
the wheel back The airplane stalled and crashed out—
g1da of airport
23 | Santa Momica, 16PCLM 3 - 1260 Overhaul This day larding accident wag caused by the mechani- 2
telifarnia cal mefunetionlng of the brekes after a normal land-
1935 ing Ts caused the tires to skad and the airplane
nozsed up
24 | Pattsburglh, 16-18PCcLM 2 - 1750 Minor This day landing accident waa caused by the mechani- 11
Pa cal farlure of the teil wheel which collapsed after
1935 a normal landing
25 Columtus, Oho 16-18PCLH 2 - 1750 Minor This dey landing accident was caused by the mechani- 10
1935 cal failure of the tall wheel which collapsed after
rolling 300 ft on a smooth landing
26 | Phoenix, Amiz 17-187CcLB 2 — 1440 Major This night landing accldent was caused by the mechan- 8
1935 1cal fallure of the left landing gear which buckled
after rolling 1500 £t following a normal landing
27 | Qakland, calaf 13 pPCIM 2 - 1100 Minecr This might landing accaident 1s beliesved to have been 5
1935 caused 704 by combined fog and darkness and 30 by
poor pilotang technique  After landing through fog
ard rolling about 200 ft +the pilot made a gradual
turn to the left and then continued straight ahead
Tns resulted ain the mirplanes crasmng through a
fence

# A - Fatsl,

B - Sericuas,

¢ - Mnor,

D - Uminjured

6



TAPLE 24 (Cont'd 5)
Ne Place and fmirecraft Type | No FEng & Total | Dmmage to Remark. Injuries #
Year HP (Take-OIf) | airplane ABCD
28 |Detroit, Mich 16-18PCIM 2 - 1750 Minor T™e cause of this day landing accident was attribu- 7
1935 ted to turbrlent wind conditions, which caused the
left wang to drop amd scrape the ground while the
airplane was still 8 ft above the ground during a
normal approach  The pilot clrcled the field and
madc a normal landing The presence of g pas tank
onn the field 1g believed to have been responsible
for the turbilence
29 [Murfreesboro, 16-18pCLM 2 - 1750 Minor Tis night landing accident wag due to mechanical 10
Tenneasee msfunctioning In preparing to land the pilot
1635 could not gel green s1gnal laght, although the
landing gear seemed to be extended Made landing
and came Lc practacally a dead stop  (Gear gave
way when pilot started to taxa to ramp
30 | Chattancoga, 12 PCLM 2 - 900 COverhaul | This mght landing accident was caused 50% by had a8
Tennesaee weather, 304 by poor Judgment, and 204 by poor
1935 p1lot technigue Pilob overohot the field, with
about 1250 ft left, be applied the brakes and
siadded into an embankment — (Wet paved runmay
4000 f1 )
A | El Paso, Texas 17-18P(LB 2 - 1440 Overhaul | Thae. night landing accident wes caused 20% by bad 7
1936 weather ard 80% by mechamical damage to the landing
gear The pilot made a rough landing, due to
gusty wnd, and damaged the gear  When the warnming
bell commenced to ring, the pilot took off again
and landed on the nacelle and nose
32 | Louisville, Ky 1'7-18PCLB 2 — 1440 Mincr Thais mighl landing accident was caused by co-pilot 6
1936 overshooting the field in msking & fast landing
P1lot tried to gun the motors ut they were cold
He ground-lcoped, hit a ridge and collapsed the
gear (4000 ft runway)
% A - Fatal, B - Serious, C - Minor, D - Uminjured




TARLE 24 (Cont'd 6)
No Place and Aireraft Type( No Eng & Total | Damape 1o Remarks Injuries #
Year HEP (Take-Cff) | Axrplane ABCD
33 | chicago, I11
1936 1é6-1BPCLM 2 - 1750 Minor This night landing accident was due to mechanical 13
failure Pilot texaed over rough part of field
at Pittsburgh And in landing at Chicagoe found the
tail wheel retmining gtructure had felled
34 | Detroxt, Mich 16-13pgIM 2 - 1750 Minor This night landing accident was dus to weather com- 8
1936 ditions After landing a gust of wind 1ifted the
left wing wnech cansed the right wing to serape the
ground
35 | Newark, N J 16-18pcIM 2 - 1750 Overhaul This night landlng accident was due to poor judg- 9
1936 ment on the part of the pilot In sttempting to
land the pllot overshot the field and was unable
to stop plane mith brakes Plane ran off the
lioad 1nto soft ground and right gear pushed
strut through naeelle. (2000 ft runway)
36 | Winglow, ATim 16-18P0IM 2 - 1750 Minor Thrs mapht landing accident was dus malnly to wem— 13
1936 ther corditions Pilot made a nommal landing but
after a short roll a gust of wind lifted the left
wing ceusing the right wmng to drag along the
ground
37 | Claveland, Chic 17-18pCLE 2 - 440 ¥inor Tis day lending accident was caused by mechanical 15
1936 failure After making a normal landing, the tire
blew out and caused a mild grourd loop
38 | chieago, Ill. 16-18PCLH 2 - 1750 Overhsul This day landing accident wes caused by the mechani 6
1936 cal migfunctiomng of the brakeg After lending
croas wind, the pillot epplied brakes which ceused
the plane to ground lcop and damaged the tall
39 | Atlanta, Ga, 12 PCIM 2 - 900 Minor This night landing accident was due to error on the 2
1936 part of the pillot  After landing the landing gear

started to retract, which caused the sarcraft to
neae up  Apparently the pilot became confused and

mistook the landing gear switch for the flap switch

# A - Fatal,

B - Serxoug,

G - Minor,

D - Uninjured




TAALE 24 (Gomt'd 7)
No. Place and Arcraft Type | No Eng & Total | Damage to Remarks Injuries #
Year HP {Take-Off) | Airplans ABCD
40 | Boston, Maas 17-18pcLB 2 - 1440 Minor This dey landing accaident was due to error on the part P
1336 of the pllot,who came 1n for & landing with the gear up
41 | Mobile, Ala 12 PCLM 2 - 900 Mrmor Thig day lamding acecident was due te mechanical milsfune- 3
1936 tioning, Because no wmarning lights or horn sounded the
pllot landed with a partially extended gear A fuse was
blown 1n the landing gear circuit
42 | Flkins, W Va 10 PCIM 3 - 645 Minor This day landing eccident was caused by shafting wind 8
1936 in which pilet landed and ground lcoped to avoid ditch
All means of stremighteming out ehap failed
43 Waahington, D ¢ | 16-18PCLM 2 = 1750 Minor This night landing accldent waa due to pilot error In 15
1936 turning ship in order to taxl to loading remp, the em-
pennage hit a faeld boundary light
44 | Mmnneapolia, 12 pcIM 2 - 900 Minor This day landing accident was caused by en error cn the 2
Minnesota part of the co-pilot  Ship nosed up when co-pllot pul-
1636 led landang gear smitch instead of wing flap switch
45 Detroit, rch 13 PCLM 2 - 1100 Overhaul This maght landing accident appears tc have been caused 2
1936 by mecharieal failure and poor maintenence  Upon land-
1ng the eirplane bounced slaghtly, causing the left
oleo strut bto separate, and allowlng the left wmheel to
fold back into the wheel well, letting the azrplane
dewn on the ground on the left wing tip.
46 | Atlanta, Ga 10 PCLM 3 - 645 Washout T™his urexplained day landing accident occurred after 2
1936 the take off at 100 ft altitude when the right wing
dropped and the alrplane went out of control In at-
tempting to land, the ship tore through three small
trees and landed on a barbed wire fence (4000 £t
Tunvay)
47 | Idaho Falls, 13 PclM 2 - 1100 Minor Thls day lamding accldent mas mainly caused by careless- 8
TIdahe ness znd negligence In taxying down the apron, the
1936 right wheel dropped Into z plt approxmetely 4 ft deep
* A - Fatal, B - Serious, C - Minor, D - Uninjured




TABLE 24 {Cont'd B}
No Place and Aircraft Type | No FEng & Total | Damage to Remar ks . Injuries #
Year H P (Take-0ff) | Airplane ABCD
48 | Miramar, Calif 13 PC1M 2 - 1100 Minor This day larxhing accldent was due to bad weather In 6
1936 attempting to land through fog, the pilot overshot the
field slightly, rolling through a fence
—
49 | Kansas City, Mo 12 PCIM 2 - 900 Overhaul Tis night landing accident was due to mechanieal mis- 2
1936 functioning Landing was made with the wheels up due
to the fact landing gear mechamsm wouwld not function
50 | Dobertson, (S5t 17-1BPCLB 2 — 1440 Minor This day landing accident was caused by the mechani- 3
Louis,) Mo cal feilure of the landing gear, which gave way as
1936 contact was made wath the ground
51 | wWashington, D G 10 PCLM 3 - 645 Minor This night landing accldent was caused by fog  After 4
1936 landing the pilot ran into a bourdery laight nith &
high standard
52 | Newark, N J 13 PCIM 2 - 1100 Washout This night landing accident was due 25% to bad weather 6
1536 and 75% pilet errcr In execulang a precision instru-
ment appreach for a landing, palot drifted slightly to
right of NE leg of the range and due to pocr visibi-
11ty landed short of field in a swamp
53 | Charleston, S C 16-18PCLM 2 - 1750 Miner This day lending asecldent was mainly due to mechanical 13
1937 mafunctioming of the brakes, but wmas partly due to
poor judgment on the part of the pilot  Pilot landed
approximately 1n ecanter of fleld and even though the
brakes were applied, the plane would not lose speed
and ren 1440 £t 1nto a ditch  Brakes apparantly were
defective Wind K9 N 5 runway 3000 ft long
54 | Jackson, Miss 12 PCLM 2 - 900 Minor This dagy lamding accident mas caused by bad weather 3
1937 and poor pileting technique Tue to the fact that
the field was very slick, the plane rolled through
west gide of runway and intc a fence  wand N-5
N 5 runwey 3000 ft Joog
% A — Fatal, B - Serlcus, ¢ - Minor, D - Uninjured




TABLE 24 (Cont'd 9)
No Place and Airerat Type | No Eng & Total| Damage to Remarks Inguries «
Year HP (Teke-Off) | Airplane ABCD
55 | Portland, Qre 12 PCIM 2 - 800 Major Thiis day landing accident was due to mechanieal mis- 7
1937 lunctioning ot the brakes Left brake would not
hold causing *he plane te turn .leaduly to the right,
striking a pile ol frozen dart
56 | Atlanta, ca 16-18pcy 2 - 1750 Washout The cavse of this night landing aceident was not de. 7
1937 termined  phile cruising at 3000 fit , bhip suddenly
started to climb at the rate of 2000 Ft per minule
at wmeh time the pilot Aecided to land Flying fast,
pilot overshot field and ground locped to avoid a
burlding Wwind S-5 N & runway 3000 fi long
57 | Camden, N J 16-18PCLM 2 -~ 1750 Minor Thos mght landing aceident was caused by poor pilot— 2 ﬂ
1237 ng techmque  Palot ceme in high and used too mich
rupvay before the whesls actually touched the ground,
lsaving about 750 ft on wnch to stop plane Pilot
ground looped to avoid hitting ferce 2500 Ft  rua—
vay
58 | columbus, ohio 16-18PCIM 2 - 1750 Minor Thts might landing accident was due to bad weather 2
1937 After landing on the 5 W runway and rolling a short
distance, a strong gust of wind 1afted the raght
wing causing the left wng tip to drag on the ground
59 | springfield, 16-18PCLM < - 1750 Minor This day landing accident was dve 46 the mechanical 5
I1lanois failure of the Decler boct on the right wing, which
1937 tore loose during flighl  Upen landing the right
wing suddenly lost laft and secraped the ground
60 | Demver, Colo 24 PCLH 2 - 2200 Mircr Thiz day landing accident was due to weather cond.- 14
1937 tiona A sudden dust sguall covered the field with
& layer of blowing dust about 10 ft thick as the
plane was about to land, causing the pilot to level
off too high, losing flying speed and dropplng raoght
wing tip
61 | Pittsburgh, Pa 13 pcuy 2 - 1100 Major Thio day landing accident wes caused by mechenical 12
1937 failure The taal wheel assembly collapsed as plane
larded and ship ground looped inte an automobile i
A - Fatsl, B - serious, (¢ - Minor, D - Uninjured



TAYLE 24 (Cont'd 10)
No Place and Alrcraft Type | No Eng & Total | Damage to Remarks Injuries »
Yoar HP (Mmke—0ff) | alrplene ABCGCD
62 | Kylertown, Pa 13 PCIM 2 - 1100 Minor This day landing aceldent was caused by poor weather 8
19737 ard poor pirlotang technique P2lot landed with 1500
ft of rupwey st1ll avallable, applied brakes, akid-
ded and then nosed up (wWet grass surface) FRunmy
length 3000 ft
63 | ¢leveland, Ohic 24 PCIM 2 — 2200 Minor Thas day landing aceldent was due o mechanical mis— 21
1937 functiomng The brakes grabbed after the ship rcl-
led 350 ft and eaused ship to noee up
&, | chicago, T11 24 POIM 2 - 2200 Minor This day landing aceident was caused by poor Judgment 16
1537 on the part of the pllot, who came in high and fast
Realizing he would overshoot the field, the pillot
gunned the motors tut they would not take  Flane
continued down end landed on a golf course a short
distance awmy
65 | chicago, T1l 2, PCIM 2 - 2200 Mincr This day landing accident was caused by mechanical 13
1937 misfunctioning of the brakes The pllot landed to
the 8 E (cross wind) and after rolling a short dia-
tanes, plane turnmed to the left and ermshed into a
concrete junctior box
66 | Louigville, Ky 16-18PCLM 2 - 1750 Minor Tnis dey landing accident was due to meather condi- 10
1937 tlons Pilot landed intc a WS W -25 wind  After
the plane rolled for about 300 ft +the wand shifted
to N W —40 and tapped 1t up on the left wing Pilot
opened throttle end tock off again
67 | Flat, Alaska 12 pcIM 2 - 900 Minor ™is day landing accident was due to poor fleld 7
1937 maintenance A sharp rock frozen in the runwey cut
a 2-1/2 inch hole 1n the right tire causing the tall
to raise high enough tc allow both propeliers to hit
the ground

¥ A - Fatal,

B - Serivoma,

¢ - Minor,

D - Tmanjured




TABLE 24 (Cont'd 11)
No Place and Mreraft Type | No Eng & Total) Damage to Remarks Injurles
Year HP (Take-Off) | Airplane ABCD
68 | Detroat, Mich 24 PCLM 2 - 2200 Minor Tns mght landing accident was due to westher condi- ?
1937 tions Pilot landed into S W wmth a § 5 W -15 gust
wind  After completang over helf of landing roll, a
gust of wind raised the left wing - causing the right
wing to drag
&6 Tanana, Ala 10 pPCIM 1 -575 Overhanl | Thils day landing accident was caused by mechanical 1
193¢ farilure of the taal ski pest which broke de to rough
ice
70| Buffalo, N Y 25 PCLM 2 — 2000 Minor Thas night landing accident was caused by the mschani— 17
1937 cal masfunctioning of the laterml control system On
a normal approach, lateral instability was noted at
about 60 ft height Full throttle wes used to
atraighten the sirplane out tut left wing tip and ai-
leron acraped ground upen landing
71 | Undeveloped 31 pcIM 2 — 2200 MaJor Thas maght landing accldent was caused 30% by poor 10
Field near visibility and 70% by the misfunetioning of the radio
Richlends, N C facilities The prlot was forced to land in a small
1938 undeveloped field with the wheels raised
72 | Camden, W J 16-18PCIM 2 - 1750 Major Tis day landing accident wes caused 30 by low ceil- 6
1938 ing and 70% by poor piloting technique  After break-
ing through the overcast at 400 £t height the pilot
landed towards the N NE but not on the NE runway
With 2400 ft of alrport avallable three contacts were
made  After the final contact only 630 ft of alrport
remeined  Braldng proved ineffective due to the gra-
vel surface of the field, and the sareraft ran through
the fence and mseross a mighway
72 | Teotals 030537
Total Persons Involved 1n These Accldents 540
* A - Fetsl, B - Serious, { - Minor, D - Uninjured

TOT



SUMMARY OF TAEE—OFF ACCIDENTS TNVOLVING FPRIVATE OWNER TIPF ATRFPLANES

TABLE 25
Ref | Place Aircraft | No Eng & Damage to Remarks Injuries *
No Type Total H P ship A B COD
1 | Faxrbanks, alaska | 4PCLM 1 - 260 Overhaul Axle broke Just as ship left pround 0 0 0 2
2 | Faxrbanks, Alaska | 10PCLM 1l - 525 Major Hit ditch 1n anow vhile takang off 0 0 0 7
3 | Palrbanks, plaska | 5PCIB 1 - 285 Major ship overran field  About 1400 £t was usable 0O 0 0 1
4 | Nome, Alaska 4PCLM 1 - 245 Overhanl Emergency flight, ship ran over a bare gravel spot ¢ 0 0 13
5 | Texarkana, Ark JPOLB 1 - 220 Washout Englne quat at 75 £t altatade, fell dnto a spin o 0 0 3
& | stockton, Cal 2PCLHM 1 - 37 Overhaul Prospective student stepped on right rudder when
ship was 10 ft up o0 0 o0 2
7 | Daytona Bemech, Fla] 3FCLB 1 — 330 Washout Motor quit at approxamately 400 ft altitude 0 0 0 1
8 | Fayettiville, Ga 3POLB 1 - 220 Major Pilet hit amall parl watn vang tdp while taking off 0 001
9 | Harvey, T11 3POLB 1- 90 Major Left bank on englne cut out at 50 ft altatude c oo 3
10 JLexington, Ky 2PCIM 1- 70 Overhaul High grass prevented ship griming ground encugh to
fly, when throttle was closed, ship nosed over o0 0 2
11 [portlard, Me 3POLB 1 - 220 Overhaul Motor fallure at approxdmately 200 ft altliude 0 0 0 1
12 (Tllifeld, N Mex 2PCLM 1 - 40 Overhaul Motor quit when 40 or 50 ft high Water in gas 0 0 0 2
13 |Waverly, N Y 5POLB 1 - 220 Overhaul Flane ground locped when oleo block failed due to flaws cC 0 0 3
1/ | Rochester, N Y 2PCLM 1 - 145 Major Engine gquit when 50 £+ up 0O o0 Q0 z
15 | Bellaire, Chio 2PCIM 1 - 90 Overhaul Motor failed at about 700 ft O 0 0 2
16 | cleveland, Ohio ZPCLM 1 - 40 Overhaul Tock off 1n dead air — brushed trees with wing Llip Do o 2
17 | West Umeoen, Chic 3PCLB 1 - 90 Mejor Taal skad caught in telephone wire 20 £t hagh and
located 100 ft from end of runway ¢ 0 0 3
18 |Lawton, Okls 3POLB 1- 17 Major Ran out of gas when approximately 50 ft up O 0 0 3
15 | Oklahoma City,
Okla 3pCLM 1 - 145 Washout Plane towing a banner stzlled when banner traincd
through grass exerting a drag o 0 0 1
2C | Hugo, Okla 2PCLM 1- 70 Overhaul Wheels it ditch covered Uy graso 0 0 0 2
21 | ;alver Lake, Ore <PCIM 1 - 145 Cverhaul Wheels hit sandy wave, bounced and nosed over o0 0 1
22 |Newport, R I SPCLB 1 -2 Overhaul Plane took off up h1ll and into a 10 mile wand, unzble
to get off and ran into a low stone wall  Rough surface | ¢ O 0O 4
23 | shell Creek, Tenn | 3MILEB 1 - 220 Overhaul Engine stopped when plane was 100 ft off the ground b 00 3
2/ | Padueah, Texas TPCLM 1 - 420 Washout Ran cut of gas when 25 ft up o 0 0 4
25 {san Antonio, Texms| 3POLB 1- 90 Washout Wnen at about 20 ft altitude, a down draft caused o0 D 3
plane to hit a bush and nose over
26 | Austan, Texas 4PCIM 1 - 225 Overhaul Smp fell in from z stalled condition of flight im-
mediatsely efter a stalled take-off C 0 1 0
27 | lpany, Texas 2PCIM 1- 40 Overhaul Motor lost power when 50 ft in the air 0o 0 1
28 | Houston, Texas TPCLM 2 - 800 Major Tre went flat on take-off, damage done on landirg 0O 0 Qg 6
#A - Fatal, B - Serlous, ¢ - Minor, I - Uninjured

»nT



TABLE 25 (Cont'd 2)

I_;ef Place Aireraft [ No Eng & Damage to Remarks Injuries #
No Type Total U P Ship A B C D
29 |wisconsin Rapadas,
Wisc, 2PCIM 1- 70 Overhaul Motor failed when 100 f+ up b O 0 2
30 | Three Lakes, ¥Wigc | 2POLB 1- 8 Majer ¥hen 1C ft up hard knock developed in englne causing se- 00 0 1
vere vibraticn and engine sterted to lcose revoluticns
Plane pancaked in
31 | Brown Deer, Wisc 2PCTY 1 - 40 Overhaul Motor lost revolutions immediately after tsks—off  Hit
fence c 0 0 2
J2 | cheyenna, Wyo 4PCLM 1 - 250 Washout At approxmately 100 ft motor quat 0 0 3 0
33 | Gadsden, Ala 5PCIM 1 - 245 Major Pilot caught his stabilimer in a coiled cable which wag
on & hedge 2 ft hagh and 100 ft from the end of the run-
way Przvete field 1200 £t long with ditch across center {0 O 0O 1
34 | Phoenix, ATz 3POLB 1-100 Overheul Motor quit, pilot tried to turn plane but stalled about 10
ft above the ground c 0 0 2
35 | Tnglewood, Cal ZPOLB 1l -100 Major Mud from wheels struck and broke propeller, vibratlon
broke engine mounting ring 0 0 0 2
36 [Los Angeles, gal 3JFULB 1-115 Overhaul Contrvl stick came out when 15 ft above the ground, plane b
stalled and then fell in on the wing, then over on 1ts back
37 | Garnet, Cal 2PCLM 1 - 40 Overhaul Pilet drifted from a clearing on the desert into sasebrush |0 O O 1
38 |Pomona, Cal 2PCIH 1 - 40 Overhaul Pilot took off from alfalfa field 1200 £t long, had to
kiek plane sidewsys t¢ avoid trees 50 ft hagh at end of
field, plane stalled and fell g 0 o0 2
39 |Linceln, Cal 3POLB 1- 90 Washout, Powerplant failure when 100 ft off ground, plane landed
in orchard 0 0 0 1
40 | San Carle, Cal 2PCLH 1- 70 Major Tail skld it hele while plane was turming o o1
41 | Pueble, Colo ZPCLHM 1- 36 Overhaul Student attempted take off cross wind on closed portion of
fleld, struck bank o” oil sand and went on his back 0O 0 0 2
42 | Boulder, Colo IPCLM 1 - 145 Overhaul Pilot took off from a golf course and stalled ship i1n try-
1ng to avoid hagh tension wires 25 ft high, plane struck
a tree 1200 ft available g 0 0 3
43 | Pueblo, Golo 3POLB 1 - 220 Overhaul Fower plant failure at about 300 ft Pilot turned to land
on alrpert and gusty wind came from behind and caused ship
to eetile i1n fast O 1 ¢ ©
44 ! Danbury, Conn 2FOLB 1 - 100 Washout With about 150 ft altitude engpine quit, pilot atbempted a
left turn in a stelled position, fell off and Fpun 1n 1 1 0 0©
45 | 5t Petersburg, 2PCLY 1- 70 Overhaul Attempted to take-off down wind, could not eclear field,
Fla throttled down, ren off runway into rough part of figla,
applied brakes, nosed over 0 0 0 2
#A - Fatal, B -~ Serious, C - Mnor, D - Uninjured

E0T



TABLE 25 (Cent'd 3)

Ref | Place faircraft | No Eng & Damage to Remarks Injuries *
No Type Total H P Ship A 3 COD
L6 | Ft Moyers, Fla 2PCLH 1-125 Overhaul Obgtruction in whesl fairing locked wheel, plane ground looped
and noged over 0 0 0 1
47 | Orlando, Fla 2P0LB 1 - 100 Major Landing gear fitting failed on take-off c 0 0 1
48 | chicago, I11 2PCLM 1- 37 Overhaul In talang off frow privete field into a very little wind plane
ran off runway 1nto water & or 8 inches deep and turned over o 0 0 2
49 [Gillespie, 111 2PCLM 1 - 40 Major Wind changed bsfore plane got off the ground, hit a four
strand barbed wire fence 0o 01
50 | Oak Lawm, I11 2PCIM 1- 37 Major Pilot did not use all of field avallable and pulled the ship
off the ground before sufficient flying speed was reached 00 0 2
51 | alton, T11 2PCLM 1- 6 Pajor Plare hit ditch on take-off 00 0 1
52 | weat Chicago, I1l ZPOIM 1- 6 Major Engine lost revolutaons on take-off, neccssitating lamding in
goft ground o ¢ 01
53 |Washlngton, Ind 2PCIM 1- 70 Major Plane skidded into a fence due to icy conditicn of fleld 0 0 0 2
54 |Leon, lecwa 4PCLM 1 - 125 MKajor gtruck ditch collapsing landing gear 0 Q1 0
55 | Paducah, Ky 4LPCLM 1 - 245 Cverhaul Ship broke through crust of snow and wheel fairing caught on
lece causing nose—-over 0 0 0 2
56 | centertown, Ky 3POLB 1- %0 Washout Wnile taking off from a pasture, wheels caught on bushes
about 20 ft high 0010
57 |Towrsville, Ky 4LPCLH 1 - 225 Major when about 75 ft high, pilot cut throttle for theoretical
forced landing, ship slipped into ground c 0O 0 2
58 |Monroe, La 3JPOLB 1- 90 Ma jor In taking off on elippery field, Pilot skidded plane into
sign board o0 0 3
59 | Scarboro, Me <2POLB 1- 35 Washout Plene stalled on teke—off at about 200 ft and spun in Just
outalde of field 0 2 00
60 | Ellaworth, Me JFOLE 1 - 128 washout Plane wouldn't climb, pilot mushed into trees O 0 0 2
61 | caribou, Me 2PCLM 1 - 40 Overhaul Pilot used a 2000 £t runway but stalled plane because of &
steep c¢limb in attempting to clear a fence Plane fell to
ground [rom about 100 ft 01 0 0
62 | Rockvalle, Md 3PCLM 1-17 wWashout In order to avoid incomng plane, pilot made & vertical turn
right of f the ground to the left with nc gpeed and plane went
in nose first C 2 0 C
63 [East Taunton, Maas JPOLB i- 90 Overhawd Plane unable to gain altitude due to dead air end atruck trees|
3650 ft  avallable 0 0 0 3
&, |Nortcn, Mass 3P0OLB 1-17 Overhaul P1lot being unfamiliar wath the ship, landed in a field too
emall to take-off in, plane unsble teo clear itrees, struck
tree with wing, tell, out of control 0 011
%4 — Fatal, B - Seraocus, C — Minor, D - Uninjured

ot



TABLE 25 (Cont'd 4)

Ref Plaes Mreraft | No & Damage to Remarka Injuriss *
No Type Totsl HP Shap A B C D
65 | Hingham, Hasse 2P(LB 1- 8 Dverhau? Broke axle on take-off, caused damage on subaequent

landing Q0 0 2
66 | west Branch, Mich 3POLE 1- 90 Overhaul while taking off from a privete field in calm air, plane

was unable to gain altitude and hit fence  Runway 1B0C

£t 00O D 3
67 | Detroit, Mich 2POLM 1- 37 Overhaul Plane tock off mbout 580 ft from the fence and lifted

after a 79 f+ run It appeared to hat an "alr pocketn

ard erashed lnto the fence  Farm pasture 0 0 0 1
68 | Detroit, Mich SPCLM 1- 220 Washout Landlng gear struck & truck directly in path of smip 0 0 2 2
69 | Roseville, Mich 2POLM 1 - 145 Overhaul Stalled on take—off and cartwheeled 01 0 1
70 | Lattle Falls, Mim 2P0IM 1l -100 Overhaul After galning 200 ft altatude, motor lost revolutions o o 0 2
71 | Robertaon, Mo JPCLM 1 - 90 Major Gusty mnd (26 to 35 m p b ) put plane on back while

walting to take off 0 0 0 2
72 | 5t Leouis, Me <PCIM 1- 70 Major Motor lost revolutions Just after take-off c ¢ 2
73 | Boulder City, Rev APCLH 1- 145 Overhaul Took off crogse wind, drifted, ground leoped in attemp-

ting to straighten out 00 0 3
74 | Reno, Rev 5PCLB 1 - 285 Overhaul Struck a boundary Iight approxamstely 5 ft off the

ground 0 0 0 4
75 | North Walpole, N H <POLM 1- 65 Hashout Flane mede an emergency lamiing on a snow covered field,

ship unable to clear trees and crashed in taldng off i1 0 00O
76 | Jackson Helghts, N Y 3PQOLE 1-125 Overhanl Plane struck concrete bourdary light when just off the

ground 0 0 0 2
77 | Jackson Heights, N Y 2PCIM 1- 37 Overhsaul Motor lost revolutlons when about 25 ft off the ground |0 O 0 2
78 |Mt Pleasant, N Y <PCIH 1- 36 Wasbout When at an altitude of DO ft , motor quit 01 0 0
7 | Johnstown, N,Y 1POIM l1- 25 Overhanl Piane hlt rut and nosed over 0 0 0 1
80 |long Lake, N Y 4PCLA 1- 210 Overhaul Ship ran into soft gand, wouldn't 14ft off the fileld,

ran into lake g 0 0 2
g1 | Elmira, R T LPCIM 1 - 145 Washout Pllot lost horizon, becanse of darkmess, when approxi-

mately 100 ft wup, ship spun in g 0o 2 0
B2 | Runda, N.Y 2POLM 1- 37 Major Ship ran into swamp 500 ft from edge of fleld wheat

fleld C 0 o0 2
83 | Greensbeoro, N Car 2POLB 1L - 85 Overhaul Plane drifted, due to smfting wind, ground looped as

bank was approached cC 00 2
&4 { rostoria, Ohio ZPOIM 1 - 36 Major landing gear struck fence post in taking off from small

private field 1300 ft o Cc 0 2
B85 | Hillsboro, Ore ZPOIM 1- 90 Overhaul Motor sputtersd when 300 ft up, pilot turned back,

ground lcoped O 0 0 2
86 | Murraysville, Pa 2PCIM 1- 90 Overhaul Woen 6 ft up a cross mnd caught plane snd threw 1t on

1te hack 0 0 D 2
87 | Erockville, Pa ZPCIN 1- 37 Overhaul Motor lost revolutions forcing & lamding ocutside of

alrport 00 0 1

A - Fatal, B - Serione, C — Minor - D, Uninjured.

S0t



TABLE 25 (Cont'd 5)

Ref, Placa Adroraft | No Eng & Damsge to Remarks Injuries »
No Type Total H P Ship A B COD
B9 |Somerset, Pa. 3POLB 1 - 220 Ovarhaul Ran out of gas just after take—off 00 90 3
89 |Madville, Pa 4PCIM 1 - 215 Overhaul Motor slowed down when plane was 30 ft up 00 0 4
90 |Harriaburg, Pa 2PCLY 1- 37 Qverhaul Flane attempting to take-off on 1900 ft runway

was unable to avold fence at end of fleld 0 00 2
91 |Westfleld, Pa ZPCLM 1- 37 Overhaul Plane hit stump while sttempting to take—off of a

750 ft rTunway on a private field 00 01
92 |Smithfield, R I 3POLB 1- 90 Overhaul Propeller hit ground loosering motor mount and

foreing ship dowmr o0 1 0
93 |Brookings, § Dak 3POIM 1 -115 Overhaul While taking off fram a small field, tami1l hit fence |0 O © 1
94 |spearfish, 5 Dak 3POLE 1- 90 Overhaul | Wnile talding off, motor stopped and ship fell in

from 50 ft 00 0 2
95 |Knoxville, Tenn 4PCLM 1 - 125 Major Shock cord broke when long run over rough field was

made due to heavily loaded ship and dead air 0O 0 0 3
96 |Ft Worth, Tex 3POLR 1-17% Overhaul | Motor lest revolutions when about 30 ft  off the

ground 0O 0 0 2
97 |Raxahachie, Tex ZPCLH 1- 3% Overhaul While taldng off from a golf course, the engime

quit and the plane hit the trees 00 0 2
98 lGoose Creek, Tex 3PCIM 1- 90 Overhanl Landing gear bolt sheared off on take-off, damape

dene 1n landing 00 01
9% |pelfalr, Wash ZPCIM 1 - 40 Overhanl While attempiing to take—off on a 700 fi. runmay,

Plene wouldn't gman altitude and rolled into the

brush 0 00 2
100 |Chapmansville, W Vg 3POLB 1 -17 Washout Powerplant failure, ship nosed ower 0 01
101 |Kenosha, Wisc 2PCLM i- 70 Major Pllot attempted to take—off from a soft field,

plane left greund on erest of small rige, fell to

ground from 15 ft altatude due to leck of flylng

gpeed 0 0 0 1
102 |Medford, wWise 3JPCLB 1 - 220 Major Plane hit pole on take—cff Pilot did not realize

that he had used up so mich of the runwgy becauas

of lmpaired visien o0 0 2
103 |Madison, Wasc 2PCIM 1l1- 50 Overhenl In teking off from tall grass, wheel becams locked

and swung ship arocund 00 o0 2
104 |Waterford, Wisc JFPOLB 1-175 Overhanl Motor ent out at 50 £t , plane stalled and fell in

on landing gear 00 0 2
104 Totals 2 912188

Total Persons Invelved in These Accidents 211

#4 — Fatal, B - Serious, G - Minor, D - Uminjured




SUMMARY OF LANDING ACCIDENTS TNVOLVING PRIVATE OWNER TYPE AIRFLANES

TABLE 26

RefJ Place Alrcraft | No Eng & | Damage to Remarks Injuries #
No Type Total H P Ship & B COD
1 | Presmcott, Ariz JpPciM 1 - 150 Overhaul wheels broke through snow e¢rust noslng plane over 00 0 3
2 | Winkleman, Ariz 2PCIM 1- 770 Overhaul Brakes applied toc quickly causing nose-over 0 0 0 2
3 | Newark, Ark JFCLM 1 - 145 Hashout Lost flying speed, fell in on a down—wind tum 3 0 0 0
4 | Scott, Ark <PCLB 1 - 170 Minor Cross mind landing, groumnd struck wule drifting sideways 0 0 Q0 2
9 San Mateo, Cal ZPCLM 1 - 145 Overhaul Brakee applied too quickly causing nege-up 0 ¢ 0o 1
& | Inglewood, Cal 5PCLB 1 - 285 Overhanl Struck ditech one wheel at n time causing ground loop 0 0 0 5
7 | Santa Barbarm, calJ] 4PCLB 1 - 285 Weshou t Overshot fleld and landed on roeks 15 ft below the field 0 01
8 | Burbank, cal JrCLB 1- 250 Overhaul Slow ground loop, cauding wing to serape ground ¢ o 0 2
9 | Visalia, ca1 3pCIM 1- 90 Washout Landed inte the sun, strick 30 f+ urmarked pole at end of 1un-

way, plane pan—caked 1n 00 1 1
10 | 5an Dlego, Cal $PCLB 1 - 285 Overheul In order to avoid another plane, pialet ran ipto a riige amd md-

hole 300 I+ wde, causing plene to nose—over GC 0 Q0 5
11 | Palms, Cal 4PCLH 1 - 145 Major Landed 1nto sun, struck a plow an side of rummmy g ¢ 0 1
12 | Glendale, cal, 5PCLB 1 - 225 Overhaul Plane ground looped during lending 0 0 C 4
13 | N muroe, Cal ZPCIM 1- 65 Overhaul Plane nosed over after hitting 18 inch radge 0 0 0 2
14 | Alhambra, Cal ZPOLB 1-100 Hajor Ground locped due io cross-wind c 0o 0 2
15 | Hoellywood, Cel 2POLE 1 - 100 Major Nosed over when wheels rolled into ditch 000 1
16 | Dorras, cal 5 PCLB 1- 225 Overhaul Stalled ard fell off to the left, struck on left wing tap and

wheal a0 0 3
17 | Palo Alto, Cal 3POLB 1 - 450 Major Ran off runway, vheels struck dreinage diteh damaging larding

gear 0 0 0 1
18 | Monrovia, Cal 2PCLM 1- 37 Cverhaul Motor cut-out on glide to the field, attempted tarn too clese

te the ground causing wing to strike the ground 00 2 0
19 | Sacramentc, Gal JFOLB 1-125 Overhaul Plane ncsed over wmhen wheels hit a hole 00 0 2
20 | Pomona, Gal 3POLB 1l - 180 Overhaul Undershot field and struck ditch tearing off lending gear, pulled

up ard attempted stall landing, turned ship over o011
A | Orville, gal 2POLN 1-125 Major Raght wing struek autcmobdle parked on field, dust cloud obacur-

red visien 0 0 01
22 | 3an Francisce, Cal | 2POLB 1-100 Overhaul Ground looped due to eross-wnd landing 0 ¢ G 2
23 Sacramento, Cal JPOLE 1 - 115 Overhaul felled into wind sock and tree due to fast landing 100 pilot

8rTOor o ¢ o 3
24 | Sacramento, Cal. 2POLB 1 - 125 Overhaul Groud looped, unable to use brakes becmuse of spasd 3500 ft

runway 0 0 ¢ 2
<25 | Glendale, Cal ZPCIM 1 - 40 Major Right landing gear gave way on account of hard landing 0 0 0 2
R6 | Danbury, Cal ZPJLB 1-100 Major Ground looped as eross wind hit plane after strilkdng mt 0 0 0 1
27 | mningten, conn AFCILM 1 - 145 Ovorhaul Nosed over when wheels hit soft ground o 0 G 2
28 | mldemville, Fla 3PCLP 1 - 100 Overhaul | Nosed up on strilong ditch 001 0

%A — Fatal, B - Serlous, C - Minor, D -~ Uninjured

inT



TARLE 26 (Cont'd 2)

Rel Place Areraft | Noe Eng & Damage to Remarks Injuries %
No Type Tetal H P. ship A B CD

29 | Oriando, Fla 2PC1IM 1 - 145 Mg Jor Ground loop caused by cross~wind landing breaking landing gear

wire o 0 0 2
30 | Jessup, Ga 4PCLB 1~ 285 Overhaul Nosed over on account of soft field O 0 0 3
31 | Waycross, Ga 2PCLM 1 - 145 Major Ground looped due to flast tire o Cc 0 2
32 | Waycross, Ga RPCLIM 1- 90 Overhaul Nosed over due to soft fleld 0 00 2
33 | Dvluth, Ga LPCIM 1 - 225 Overnaul Left landinpg gear sheared off as 1t rolled into a hole a 0 0o 2
34 | Lavonle, Ga JPOLB 1 - 165 Overheul ground looped dus to improper fTunctioming of brakes 00 0 3
35 | Atlanta, Ga 5SPCLB 1 - 225 Major Grourd leooped due to improper functicming of brakea 0 o0 0 2
26 | Atlanta, Ga 2PCLM 1- 70 Major landing gear gave way on account of soft ground 0 0 11
37 | Elmhurst, I11 3PCIM 1 - 185 Overhaul Landing gear dmmaged dus tc bard landing 00 0 2
38 | Elmhurst, T11 2PCLM 1 - 100 Major Landing strut tuekled due to hitting hole 0 0 0 2
39 | Jeliet, 111 2PCLM 1- 65 Major Grourd looped due to cross—waind o 0 0 2
40 | Glemmview, T11 4PCIM 1 - 225 Ovarhaul Brakes were appiied too quickly causing nose over o0 0 01
41 | Chieago, 111 <PCIM 1- 70 Overhaul Nosed over due te overshooting runwey and rolling into soft

mud 00 0 1
42 | 8t Charles, I11 2PCIM 1l- 90 Major Landing off runway, struck soft maid, caumng plane to noae

cver 0 0 0 2
43 | 8t Charles, I11 IPCIM 1 - 145 Overhanl Struck mud hole causing noge over 0O 0 0 2
44, | Baat Alton, I3 JPOLB 1- %0 Washout Plane suddenly dropped "nose-in" due to down draft 01 1 0
45 | Marion, Ird 4LPCLB 1 - 225 Overhaul Overshot field and ran into fenee and trees  Runway lengths

-N/5 2700 £t E/W 1990 £t  NE/SW 2390 ft 0 0 2 0
46 | N Judson, Ind 4PCIM 1- 215 Overhaul Soft field caused mose over C ¢ 0 2
47 | Burlington, Iom 2PCIM 1- 90 Major Ground loop caused by wind C 0 0 2
48 | Louigville, Ky ZPCIM 1 - 40 Overhaul Wnhile practicing forced lendings, priot cut throttle, om

approach to field, throttle wag opened to go up again, tmt

motor cut out Left wing, then neose hit ground, plane set—

tled on right wing
49 | New Crleans, la <PCLHM 1- 65 Overhaul Bit ses wall at boundary of alrport tearing off landing gear

Undershot fleld oo o 2
50 | shreveport, La 2PCIM 1- 37 Minor Stalled at 15 £t altitude, dropped to ground 0o 0 0 1
51| 5 Leeaville, La S5PCIM 1 - 245 Overhaul Nosed over after strikang soft spot caused by sand drmft o0 0 3
52 | Portland, Me <PCLE 1l - 210 Overhaul ¥ind blew plane over 0 0 0 1
53 | Wwilton, Me 4PCLB 1 - 210 Overhaul Snow and 3lush on runway caused nose aver o0 o0 2
54 | Auburn, Me ZPCLM 1 - 40 Overhaul Struck ditch at begimming of runway and nosed up because of

down draft 011
55 | Great Mills, Md 2PCLM 1-125 Overhaul Struck soft ground, nosed cover 00 D0 1
56 | Brockton, Mass 3JPCIM 1 - 185 Major Rolled cff runway striking soft spot and nosing over 0 Q0 2
57 | Northampton, Mass 2PCLM 1- 65 Major Landing gear bent due to structural failure 0 0 0 2
58 | Northampton, Mass 4PCLB 1 - 210 Overhaul Rolled off of mirport into road two feet below, tearing off

landing gear and nosing ship up Landed off airport 0 0 0 4
%4 — Fatal, B - Jerious, ¢ - Minor, D - Uninjured

a0



TARLE 26 (Cont'd 3)

Ref Flace Aircraft | No Ing & Demage to Remarka Injurieg %
No Type Total H P ship A B C D
59 | Fraser, Mich <ZPCIM 1- 37 Overhaul 5tall landing 00 0 2
60 | Dpetroit, Mich 4PCLB 1 - 23 Overhaul Brakes were applled too qulekly esuslng nese up cC 0o 0 2
61 | Fraser, Mich 2ZPOLM 1- 37 (Overnaul Undershot field strikang frozen ridge and 1ce at edge of
runway and nosing up 00 0 1
62 | Escanabe, Mich <POLB 1- 8 Overhaul Landing gear bolt broke due to struetural failure 0001
63 | Detroit, Mich 5POLB 1 - 28 Major gGround locp caused by cross-wind 00 0 1
&, | Detroit, Mich 3B0LB 1- 90 Magor ground looped into hangar door 00 01
6 | Mayville, Mich 3POLB 1- 90 Overhaul Wheel dropped into hidden hole, causing noae—up oo 0 1
66 | Carsonville, Mich JPOLB 1 - 90 Overhaul Landing gear strut buckled due to atructural failurs 0 0O D 1
€7 | Wayne County, Mich 3POLB 1- 90 Washout Struck extension on top of telephone pole at edge of cC 01 0
field
68 | Hastings, Mamn <PCIY 1 - 40 Overhaul 5kl broke due to structural fallure ¢ o001
€9 | Minneapolim, Minn JPOLB 1 - 220 Major Broke left landing gear and ground looped due to landing
too hard on left sids Q0 0 1
70 | ashland, Mo 4PCLM 1-25 Cverhaul Wiile landing in fleld, ran into fence that mwas not
noticed 00 0 1
71 | Roberteon, Mo SPCLB 1 - 225 Overheul Landing gear retracted, due tc not being locked 1n dowmn
poeition o0 0 4
72 | Ranaas ity, Mo 2PCLM 1 - 40 Mejor Landed in tall wheat noalng shlp over o 0 0 1
73 | Helena, Mont 3pCIM 1 - 145 Cverhaul Brakes applied too quickly causing noas—over o0 0 0 2
74 | Reno, Nev <PCLM 1- %0 Major Soft sand and gravel caused nose—over 00 1
75 Keene, N H 4PCLM 1 - 215 Cverhaul Ran off runway intc soft dirt ceusing nose-over 0 0 0 4
76 | Peterbore, N H 4PCIM 1-215 COverhanl Struck grass covered mudhole ceuwslng nocae—over ¢ 00 1
77 Trenton, N J 3PCLB 1 - 220 Overhaul landing gear collapsed due to striking plle of fruzen
dart cC 0o 0 2
78 | Summtt, N J ZPCLM 1~ 37 Washout Stalled at about 200 fi, and wind blew ship 1lnto trees 0 0 2 ¢C
79 | Newark, N J 3PCLM 1- 90 (verhaul landing geer gave way when it struek a hidden stump 0 0 1
80 | Carlsbad, N Mex 3PCLM 1 - 145 Overhaul 0lec strut collapsed due to structural failurse 0 0 1
81 | Livingston Manor, ¥ Y 4PCIM 1 - 245 COverhaul Soft ground caused gronnd loop into wire fenee ¢ o 0 2
82 | Roosevelt Fleld, N Y JPOLE 1 - 220 Major Ground leoped 0 00 1
83 | Utica, N Y 2PCLM 1 - 125 Overhaul Plane stalled in due to lack of speed 0O ¢ o 2
84 | Roosevelt Field, N Y SPCLM 1l - 220 Washout Struck tree and bunkers on pgolf course next to sarport
due to strong winds 0 C 0 4
85 Rochester, N ¥ JPOLB 1~ 100 COverhaul Engine cut—out emuwsing hard landing and damaging land-
ing gear DO 1 G
86 | Sloatsturg, N ¥ 2PCLM 1 - 40 Overhaul Struck & 10 f+ post in landing intentionally on play-
ground 0o 1
87 | Elmira, N Y <POLM 1 - 37 Overhaul Landing gear broke due to hard landang 0 0 0 1
88 | Flazabeth City, N Car | 2PCLM 1- 36 Overhaul Nosed up when landing gear broke due to structural
failure 00 0 2

%A - Fatel, B - Serious, C - Minor, D - Uninjured




TABLE 26 (Cont'd 4)

Fef Place Mreraft | No Eng & Damage to Rematks Injuries
No Type Totel H P Ship A B CD
B9 | Pine Bench, N Car 2PCIM 1- 39 HaJor Landing gear wmshed out when plane hlt diteh due to

undershooting fleld 0 0 0 1
%0 | Sandusky, Ohic 4PCLM 1 - 215 Major Wind under right wing censed nocse—over 0 00 1
31 | Lemngton, Qhio APCIM 1 - 215 Overhaul soft field canged noae—over 0 Q0 01
92 | Chesapeake, Oho ZPCIM 1- 136 Hajor Soft field caused nose-cver 0 0 0 1
93 Cleveland, QOhio JPOLE 1 - 80 Major Ground looped o 0 0 1
G4 | Mensfield, Ohle 4PCIM 1 - 245 Ovarhaul Brekes applied on wet muddy field, struck gravel while

sicidding, nosed over 0 0 01
95 | wWarren, Glo 3POLE 1 - 20 Overhaul Tail wheel caught in plank on runway causing ground loop | O O O 1
96 | Puntang Vallen Village,| 3PCLM 1-3% Cverhaul ground looped and struck tree 00 0 1

Chao

¥7 | Warrem, Qhio 4PCLB 1 - 285 Overhaul Tail wheel deflected by reil cmusing ground leop Q0 01
98 | Wwlloughby, Ohlo 5PCIM 1 - 245 Overhaul Levelled off too high, landing hard on right wheel in

cross wind, landing gear collapsed 0 0 0 4
99 | Bellewvue, Ohlo <PCLM 1 - 3 Major Landing gear spread out due to hard landing causing nose-

over 0 01 0
106 | Youngstown, Chio 3POLB 1 - 125 Overhaul Turn attempted wathout enough altitude or flying speed,

wing hit ground 0 00 1
10} | Ponca City, Okla 4PCIHM 1 - 245 Cverheul Wind nosed plane over 0 0 O
102 | Sweetwater, Okla 3IFJOLB 1 - 150 Washout Landing gear spread ocut and plane nosed over due to

shoek eord breaking 0 0 0 3
103 | Hodges, Ckla 3JPCLM 1 - 145 Major Landing gear broke off due to hitting hidden tree stump o 0 0 2
104 | Oklahama City, Okla 5PCLB 1 - 285 Major landing gear collapsed due to structural failurs o0 0 4
105 | Eastside, COregon <PCLM 1 - 40 Overhaul Flane blown into ground by strong dowm draft 60 01 0
106 | Beyerstown, Pa IFCIM 1 - 145 Overhaul soft field caused nose—over C 001
107 | Philedelphia, Pa 3POLB 1-17 Overhaul Ground looped due to ruta in fleld G 01
108 | York, Pa 4PCLAE 1 - 225 Major gtalled in over wires at edge of field, struck soft

ground, nosed up 0 0c 1 2
109 | Warren, Pa 4PCLM 1 - 215 Cverhaul 5talled in to prevent Htting row of bulldings Engine

faalure, Landed short of airport 0001
110 | greeville, Pa 2PCLM 1 - 37 Overhaul Caught landing gear in top of tree, nosed into ground g 00 2
111 | Harrigburg, Pa 2P0LM 1- 50 Overhaul Pancaked 00 01
112 | Philadelphin, Pa ZPCIH 1- 40 Major Levelled off oo high, fell in on one wheel 0 0 0 2
113 | Vandergr:ft, Pa 2POLB 1 - 220 MajJor Brakes applled too quickly causing nose over 0 00 1
114 | Reading, Pa ZPCIM 1- 36 Major Struck by down draft and fell in 0 0 0 2
115 | charleston, 5 C 4PCLB 1 - 285 Major Retractable landing gear mechanism feiled, landed on

fuselage 00 0 2
116 | Ripley, Tenn 3POLB 1 - 220 Major Ship nosed ¢ver mhen axle broke due to structural failure |0 O 0 2

#A — Fatal, B - Serious, C -

Minor, D - Tninjured

ot



TABLE 26 {Cont'd 5)

Ref Place Aircraft | No Eng & Damage to Remarks Injuries
Re Type Total H P Ship A B CD
117 | Galveston, Tex 5FCLB 1 - 235 Overhaul Brakes applied too quickly causing nose over 0 00 1
118 | Corpua Christi, Tex 3PCLM 1- 80 Kaghout Attempted btank too low to ground, fell in 3 0 0 0
119 San Antonie, Tex 4PCLB 1 - 250 Overhaul Brakes applled too qulckly cavsing mose over 0 0 0 1
120 | Grand Prairie, Tex <PCLM 1- 37 Waghout Wing hit ground when pailet lost control 01 00
121 | carrollton, Tex 2POLB 1l - 100 Crerhanl Struck stump and nosed over 0 0 0 1
122 | Macoma, Tex 4PCLM 1 - 28 (verhaul Landing gear dropped into hole 0 0 0 1
123 | Rachmond, Va 2POLM 1- 90 Major Landed hard, plane rolled into hele damaging landing gear |0 O 0 1
124 | Shelton, Wash 4PCLE 1 - 210 Overhaul Wheel fairings filled with ice and anow locking wheels

and causing nose cver 0 0 0 1
125 | Seattle, Wash 2POLR 1 - 100 Major Undershot field and struck border light ceusing nesee over (0 O 0 2
126 | Tacoma, Wash 3POLB l1- 9 Major Landed too clese to edge of field, struck boundary light |0 QO O 2
127 | Logan, W Va 4PCLB 1-170 Hajor Groumnd 1ocped Q0 0 1
128 | wWhitemater, Wlac 4PCLH 1 - 215 Major landing gear hlt rocks causing noee over 0 0 0 2
129 | Oshkesh, Wlac 2POLM 1- 30 Major Overshot field and ran inte fence E W runway 1666

ft NS5 rTunmy 264C ft Tanded SE toc NW Contac-

ted after using up BOZ of available distence due to fog

Ceiling 100 ft +to 200 ft 0 01
130 | Tarrington, Wyo 2PCIM 1 - 37 Weshout Misunderstanding as to who was handling the econtrols,

ran into telephone pole and wlre at edge of fleld 0110
131 | Red BIuff, cal 2PCLM 1 - 37 Overhaul Wind blew ship over after landing was made 0 0 01
132 | Van Nuys, Cal 2PQLB 1l -330 Overhaul Grourd looped Q 01 o0
133 | Santa Cruse Island, Calq 4PCIM 1 - 215 Overhaml sheared off underearrlage on striking soft spot 00 0 4
134 | National City, Ccal 2F0LM 1 - 100 Major Stalled 0 00 2
135 | Shafter, Cal LPCIM 1 - 330 Major ground loop caused by soft gpot on fleld 0 0 0 4
136 | Fresmo, Cal 2POCLAg 1 - 160 Msjor ground loop caused by gust of wind 0 001
137 | Inglewood, Cal 2P0LM 1 - 125 QOverhaul Brekes applied too quickly causing nose over 00 0 2
138 | alhambra, Cal TPCLM 1 - 330 Overhanl Ran into diteh to avold another plane, ncsed up 0 0 0 3
139 | woodland, Cal 1POLE 1- 220 Overhaul Strong cross wind turned ship over 000 1
140 | Bakersfield, Cal 1POLB 1 - 250 Overhaul Ground looped due to croas wind 00O 01
141 | Sanford, Cole 3POLB 1 - 220 Major Urourd looped to avold fence 0 00 R
142 | Challia, Idaho ZPCLM 1- 8 Overhaul Ground looped 0 0 01
143 | Oaklawrn, T11 IPCIM 1- 70 Overhaul Wheels went through thin ice on field, nosed over 0 0 0 2
144 | Marion, T11 5PCLM 1 - 550 Overhaul Thick snow on field caused plane to nose over 0001
145 Rodesha Caldo Pariah, 5PCLB 1 - 22 Overhaul Undercarriage fitting gave way, due to struectural failurse,

La and plane noeed over 0 0 0 2
146 | Pecan Island Vermilion | 3POLB 1 - 100 Overhaul Stalled at 60 £t altitude o o 0 2
Parish, La

147 | Bossier, La 3PQLB 1 - 330 Cverhaul Overshot field, brakes applied too quickly, plane nosad

up £ 001

%4 - Fatal, B — Serious, C -

Minor, D - Oninjured




TABLE 26 (gont'd &)

Ref Plaos Alreraft No Eng & Damage to Remarks Injuries *
No Type Total H P Ship A B C D
148 West Hanover, Mass 2POLB 1 - 100 Overhaul Tall sidd atruck roof of car parked at edge of airport c 00 2
149 | Jackson, Miss SPCLB 1 - 235 Overhaul wnd tipped shdp up and broke ski 0 0 0 4
156 | West Pleina, Mo ZPCLM 1- 40 Overhaul Landing gear demolished by hard landing 0 0 0 2
151 | Omahs, Neb 1POLB 1l - 330 Overhaul Landing gear damaged from striking ground tco hard due

to darkness, fog and snow-caovered ground 0 ¢ 1 0o
152 | Red Bank, K J APCLB 1 - 320 Overhaul Soft spot caused nose-up and wind blew sghip aver ¢ 0 0 2
153 | Camden, N J SPCLB 1-23 Overhaul Wind got under one wing forclng other into the gwound

and nosing ship up 0 0 1 1
154 | ”pley, N Y. <PCLM 1 - 40 Overhanl Wind blew ship over on its back after 1t had stopped

rolling 0 0 1 1
155 Syracuse, N Y. 2POLE 1l - 100 Overhaul Plane ground looped due to cross—wind 0 0 0 1
156 | Ttheaea, ¥ Y 4PCIM 1 - 260 Overhaul | Landing gear gave way due to structural failure 0011
157 | Marcy, N Y 2PCLM 1-125 Major Wheel locked account ice arnd snow in mheel fairing 0 00 1
158 | Binghamton, N Y. 5PCLM 1 - 285 Overhaul soft field, noged over o 0 0 3
159 | Gorming, N Y 5POLB 1 - 220 Overhaul Fallure of lapding gear strut 000 2
160 | Blue Ash, Ohie APCIM 1 - 245 Overhaul Overshot - ~1d and ran into hedge fance 0 0 0 4
161 | cleveland, Omo 4LPCLM 1-2A5 Major Ht radio anterma at edge of alrport 0 0 cCc 3
162 Burns, Oregon ZPCLM 1 - 145 Major Ran off snow-cleared runwey causing nose—over 0o 01
163 | Wyoming, Pa. 2PCLM 1- 36 Major Landing gear damaged by hard landing due to zusty winds 00 021
164 | Pittoburgh, Pa 4PCLM 1 - 250 Cverhaul Wheel falring came off loclang wheel causing nose-over 00 0 4
165 | Dmllas, Texas 4PCLB 1- 210 Overhaul Laft landing gear strut buckled due to structural failure |0 0 0 4
166 | Pt Worth, Texas 5PCLB 1 - 225 Overhaul landed on soft spot end nesed np due to structursl

failure 0 0 0 4
167 | mriscoll, Texas 3POLB 1 - 125 Overhaul Landing gear damaged due to hitting hidden dlteh 0001
168 | pallms, Texas 5PCIM 1 - 220 Major Ground loop caused by left brake lockaing 0 0 0 &
165 | Farmvalle, Va 2POCLAg 1- 210 Major Ground locped 0 0oo 2
170 | Yelm, Wash 3POLRE 1 - 220 Cwverhaul Plane ground leoped, one wieel rolled into hole and ship

nosed over 0 0o 2
171 | Lake Minchuminea,

Alaska 2PCLM 1 - 135 Major Sk broke due to pgolng through snow crust 00 0 2

172 | Pletlmm, plaska 5PCLB 1-52 Overhaul Landing gear atrut broke due to structural failure 00 01
173 | Kesalla, Aleska 4PCLM 1 - 330 Msjor Landing gear damaged due to bouncing caused by hard anow

drift 0 0 0 2
174 | Gold Eing Creek, 5pOLB 1- 22 Major 9500 £t available down hill Ren inte traes at edge of

Maska short field Q 001

175 | Rapaimute, Alaaks 6PCLSM 1 - 330 Major Hit mater hole 1n ice and broke ski and axle 0 0 01
176 | chevak, Alsgkm LPCLM 1 - 245 Overhaul Tall ski broken off in rough ice o 0 0 4
177 | Kantishna, Alasks 4LPCLB 1 - 225 Overhaul Wheels dropped through hele in ice damaging landing gear |C O 0 1
178 | cardova, Alaska 10PCTM 1 - 575 Major Wind blew phip over a bank 0001

#A - Fetal, B — Seriouvd, ¢ - Minor, D - Undnjured




TABLE 26 {(Cont'd 7)

Ref Flace AMreratt Ko Eng & Damage to Rewmarks Injuries *
No Type Total H P Shap A B C D
179 | Hardipng Lake, Alasks &PCIM 1 - 450 Overhaul Ski broke due to hitting frozen draft 0O 0 3 3
180 | Esther Island, Alaska 5PCLB 1 - 225 Overhanl wheels went through soft gpoet 1n ice eausing nose-up 0 0 0 3
181 | Woodchopper Cresk
Terr , Alaska 2FCLM 1- 9 Major ¥ang hit brush in lending causing nose—over 0 Q0 0 1

182 | Moore Creek, Alaska 6PCLM 1 - 450 Major Stones on runway damaged stabllizer 0 0 0 1
183 | Sunnyvale, cal 2PCLM 1- 37 Overhanl Powerplant failure, tail struck tree on edge of road

when landing was attempted off alrport a 0 2 0
184 | Alameds, Cal, 2PCLM 1 - 65 Overnanl Engine failure, landing gear sheared off on satriking

rallroad tracks a0 0 2
185 | Bmkersfisld, Cal 5PCLB 1 - 285 Overhaul Engine failure, landed 1n grazing land damaging lancing

gear and nosing shlp up 0 0 0 1
186 | Palmdale, Gal 2PCLM 1 - 145 Overhaul Engine missing, lamding gear damaged i1n landing croes

mnd Q0 0 1
187 | Upland, Cal <POLM 1-125 Overhaul Wnile landing i1n fog, landing gear it stump on field

and nosed over 00 0 1
188 Capon Pass, Cal 3POLB 1-220 Overhaul Down draft in canyon, could not get out, damaped

landing gear 0 0 0 3
189 | New Canoan, Comm 2POLB 1- 95 Overhaul Engine functioned jmproperly due to suto gas, could

not clear trees at edge of fleld when bit by down draft (O 1 O O
190 | N Haven, Comn JPOLB 1- 90 Overhanl Engine failure, landed wath mng low 00 0 3
191 | Dover, Del 2PULB 1l - 100 Major Engine failure, wings hit fence posts 0 0 0 =2
192 | Belle lade, Fla IPCLH 1 - 45 Washout Propeller flew off through fuselage cutting contrel

wires c 0 0 2
193 Turkey Key, Fla 2PCLH 1- 70 Overhaul Engine failure, landed in brush, 1ittle damage c o 01
194 | Clewmston, Fla Elasify| 1 - 145 Overhaul Plane attempted landing on sugar cane field during

heavy rain storm, whesls became locked and plane nosed

over 0 00 2
195 Near Coco, Fla <PCLM l- 70 Washout Engine feilure, flydng 15 ft over mater when engline

cut ocut, lgnded i1n mater 00 2 0
196 | Madway, Ge JPCIM 1 - 145 Overhaul Fog, landed in soft field and nosed over g 0 06 2
197 | Savannah, Ga 2POLM 1 - 45 Major Gas exhauated, ground leoped to avold hltting mule 1n

cornfield 0 o0 0 2
198 | cave Springs, Ga 2PCIM 1- 7 Major Gee exhausted, hdgh gra=ss cansed nose—over 0 0 0 2
199 | Alton, I11 2PCIM 1- 70 Major Propeller assembly failure, landed on rough sand bar,

damaged landing gear 0 00 2
200 | Moncn, Ind 3pOLB 1-17 Overhaul Engine failure, soft rolling field caused nose-over O 00 3
201 | New Orleamns, La <POLM l1- 95 Overhauwl Throttle fitting broke, broke landing gear in landang

an road 00 0 2
202 | Portage lake, Me 3JPOLB 1 - 220 Washout Throttle jammed, lamded on i1ece end went through 2 0 0 1

#4 — Fatal, B - Serleus, C — Minor, D — Uninjured
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TABLE 26 (Cont'd B)

Ref Place Mreraft No Fog & Damage to Remarks Injuries =
Ne Type Total H P ship A B CD
203 | Gardiner, Me 6PCIM 1 - 220 Major While attempting to land during fog and on a rough plowed
fleld, ship nosed up 00 0 1
24 | Ashland, Mass 3P0LE 1 - 225 Overhaul | Engine faillure, stalled in and sheared off lamding gear 00 1 2
205 ) Prainerd, Minn. 2POLB 1 - 100 Major Low ceiling, sttempted to ground loop to avold fence,
fleld scft causing nose-over 000 1
206 | saginaw, Hinmn. 3PCLB 1 - 185 Overhaul | Bnglne failure, soft field caused nose-over 0 0 0 2
207 | Eldon, Mo 2PCLM 1 - 8% Overhaul | Engine fallure, soft field caused nose-over 0O 0 0 2
202 | Burwel}, Neb 2PCLHY 1 - 36 Overhaul | Engine failure, rough field csused nose-up 0 0o ¢ 2
209 | steltan, K, J 2PCLM 1 - 145 Overhaul | Englne failure, hit ditch, sheared off landing gear and
nosed up O ¢ 01
A0 | Albany, N T, 1pOLM 1 - 45 Major Engine farlure, rough frosen ground, damaged landing gear |0 O O 1
211 | Oteeldig, N Y 2POLB 1 - 125 COverhaul | Engine failure, high grass loeked wheels causing nose—over |0 O 0O 2
212 | Wade, N Car 2PCLM l1- 70 Overhaul | Wemther, soft fleld caused nose—over 000 1
213 | Apple Creek, Chlo JFOLB 1- 90 Overhaul | Darkness, unable to see ground, rolled over bank causing
nose—over 0 0o o0 2
21, | Hamlton, Ohio 2PCLM 1 - 36 Overhaul | Propeller blade, landing wathout demage te the plane pro-
per ut considerable damage to the motor mount o 0 0 2
215 | Columbua, Ohio 3POLB 1 - 155 Overhaul | Engine failure, ground looped to avold ditch 0 0 0 3
26 Dallrgy, Dhip 3pC1B 1 - 102 Washout Engine farlure, stalled :n to avoid trees and nosed over 0O Cc 0 3
A7 | Cottage Qweve, Cre JPOLB 1 - 220 Overhaul | Engine failure soft field caused nose-over 00 0 2
218 | Portlapd, {re SPCLB 1 - 285 Overhsul | Gas exhausted, ground lcoped to prevent going over em—
- bankment 0 0 G 5
219 | Red Liem, Pa, 2PCIM 1 - 37 Overhaul | Ice on wings necessltated fast landing, nosed up c 01 o
220 | Wllkes Barre, Pa 2PC1M 1- 36 Overhaul | Gas exhausted, lended in trees 00 0 1
221 | Austip, Texas APCIM 1- 90 Major Heavy rain, landed in small field and ran into fence
Engine fallure 00 0 1
22 | Milfeyd, Toxns IPOLE L - 420 Overhaul | Powerplant failure, wheel broke due to struetural fallure,
CAUSINE NOSe—-up 00 0 2
223 | Pampey, e 2PCIM 1 - 40 Overhaul | Engine reved down, down draft hit ship in turm, hit
- ground at 45 degree angle 00 1 0
224 | Ft Togarn 2PCLM 1 - 9 Major Heavy wand and rain, hard lending damaged landing gear C 0 0 2
azs Empm'i.p,,‘ LPCLEB 1 - 330 Overhaul | weather, muddy plowed fileld causing nose-over 0 0 0 4
26 Sheltlﬂ...?lh <PCLM 1 - 37 Major Engine failure, stsalled in, damaged landing gear 0 0 1 1
X7 | Gle gal. TPCLM 1 - 420 Vashout Powerplant failure, hard landing, wheel hit alab of con-
. crete and broke off, ground looped 01 2 3
4728 | Red Cal. ZPCLM 1 - 145 Major Gas exhausted, hit muddy spot in field and nosed over 00 01
A9 ) Lak Pla. 2POLM 1- 90 Overhaul | Powerplant failure, attempted a turn without sufficient
-3 altitude or speed, wing struck ground and nosed in 0 0 2 0
A0 | Pahokee, 'Fla 5PCIM 1-220 Washout Powerplant feilure, engine cut out in turn at 100 ft
b altitude during crop dusting, crashed and burned 00 01

it
r
-

*A - Falyd, 'ﬁ,-r ssriog, ¢ — Minor, D - Uninjured




TARLE 26 (Cont'd 9)

Ref Place Mrcraft [ No Eng & Demage to Remarks Injuries %
No Type Total H P ship A B C D
231 | Jackson, Ga 4PCLIM 1 - 260 Overhaul Powerplant failure, stalled in and nosed up 0 ¢ o0 2
232 | Belleville, T11 14PCLM 3 - b60 Overhaul Powerplant failure, right wheel struck hole and

ground looped c 0o Q 2
233 | claypool, Ind 7PCLM 2 — 400 Overhaul Mechamc accidently pulled master englne gwitch,

landed with wheels up, slid into fenes 0 0 0 5
234 | Evansville, Ind 4PCLB 1-225 Overhaul Powerplant failure, soft fleld caused nose-over 0 0 0 4
<235 | Groton, Masas ZPCLB 1- 115 Overhaul Icing condltions, overshot fleld 0 ¢ 0o 1
236 | spring Arbor, Mich 3POLE i- 90 Overhaul Powerplant fallure, ran into rocks and stump, col-

lapsed landing gear and nosed over 00 01
237 | Bay City, Mach JPCLB 1 - 102 Overhaul Powerplant failure, trled to stretch glide to clear

fence, atalled 0 00 1
238 | 8cotch Plains, N J 2PCLAE 1 - 160 Overhaul Powerplant failure, stalled into trees 0 0 0 1
239 | Preakness, K J ZPCLM 1 - 40 Major Powerplant failure, rough field damaged landing gear o0 0 2
240 | Albany, N T 4PCLM 1 - 245 Major Powerplant fallure, nosed up 0 00 2
241 | Penfield, N Y 4PCLM 1 - 245 Cverhaul Powerplant failure, rough field sheared off landing

gear 0 0 C 4
242 | Mineola, LI , N Y 3P0LB 1-123 Major Poworplant fallure, crankshaft broke and propeller

flew off lodging between lower wang and cutboard

strut, landed without further damage o 0 2
243 | Raleagh, N Ccar 5PCLE 1 - 285 Overhaul Powerplant fallure, mud in wheel streamlines causing

nose-gver ¢ 0 0 2
244 | Akron, Ohio 3PCLB 1 - 285 Washout Powerplant failure, struck soft spot and nossd aver OO0 0 1
245 | cancinnati, Ohio 3P0OLB 1 - 115 Overhaul Qas exhausted, soft ground caused plane to nose aver 0 Q0 01
246 | Cambridge, Chic 2POLB 1 - 40 Major Poworplant fallure, crankshaft broke and propeller

flew off damaging right upper wing, landed wlthout

further damage 0 0 0 2
247 | Ashland City, Temn 3POLB 1- 90 Major Powerplant Fmalure, soft field, nosed over 00 0 2
248 | 3 garrison, Temas 4PCLEB 1 - 210 Washout Plane caught fire due to short cireult, landed and

burned up 0 0 o0 3
249 | Lynchburg, Va 4PCIM 1 - 245 Overhaul Vigibilaty poor, soft field caused plane to nose-over ] 0 0 0 1
250 | Randle, Wash 2PCIM 1- 9% Major Darkness, became lost, deep snow caused nose—up c o 0 1
<50 Totals 6 5 38 423

Total Persons Involved in These pccidents 472

# A - Fatal, B - Serlous, C ~ Minor, D - Uninjured

ST



SUMMARY OF MECHANICAL INTERRUPTIONS INVOLVING ATRLINE AYRPLANES

TABLE 27
Ref Flace Aircraft Source of Interruption Remarks
No Type
1 | Tampa, Fla 10PCIM vheel Fght wheel began to split inside  All wheels being sent to factory
for recomditionlng as fast as posaible
2 | Miami, Fla 24PCLH Tire — 10 ply Tires removed due to buldpge developing in sidewsll about three inches
from the head around the entire periphery of tire Tare had made
210 landings
3 | Unknown 12PCIM Wheel Outer flange casting cracked in lock ring groovs of taill wheel
Defective casting
4 | Cheyenne, Wyo. 13pcin Tube Tire blew out while taking off Tire blew out from a defective bead
wire
5 | Balt Lake City, Utah 13PCIM Tre - 6 ply while 1n the axr, tire blew out near the bead  Trouble probably
caused by sirain due to croos wind take-off from a rough field
Extra heavy and ten ply tires are being placed on the alrplanes in
regular service
6 | Puffalo, N Y 24PCLH Quteide Brake Drum Ship arrived with brake drum broken out and brake shoe tadly scored
Conalderable difficulty has been experienced with these brake drums
and the mamifacturer 13 furmishing new type brake drums and hae
piven informaticn for reworking ell of these wheels
7 | Washington, D C 10PCLM Brake Discs Left brake would not hold  Thais type of brake has very poor heat
diseapation
8 | Pittsburgh, Pa 10PCIM Brake Disecs Plare arrived with right brake not functioninp properly  Caused by
warped breke discs  Not sufficient cooling aream
9 | sacramento, Cal 13PC1M Tire Landing gear tire blew cut whlle plane wos 1n flight  Failure oc-
curred in the region of the bead  Sinee thls series of tirea were
mamufactured, a mumber of changes have been made to strengthen the
bead
10 | cleveland, Ohio 10PCIM Hydreulic Brake Right brake inoperative  Inspection disclosed brake was overheated
11 | Pattsburgh, Pa 10PCIM Tail Wheel Tire Ta1l wheel taire flat  Pagger wheel and tire on this type egquipment
suggested
12 | Tampa, Fla 12PCLB Tail kheel Tire Tail wheel tire blew ocut due to exceaslve wear from .himmying
Heavier shock cord instelled
13 | Cleveland, Chio 10PCIM Tire Tire went {lat after landing Brekes btoc hol to 1mmediately
change tire
14 Pittsburgh, Pa 10PCIM RBrakes Tiscs Fight brake would not hold  Alter examination 1t was found that
the Drakes were extremely hot
15 | Rocheater, B T 12PCLM Hydraulic Brake Discs The steel discs warped and the Laminated dlscs heated vntil fusion
took place The air temperature was 105 degrees at Rochester and
the brakes were used too stremuously in lsnding 1n a sheort field
16 | Unknown 12PCLB Brake Discs Trouble wes caused by the brake discs on the rapght whesl becoming

seized due to warping of plates This conditicn was caused by

heat from riding the brakes

QiT !



TABLE 27 {cont'd 2)

Ref Place Aircraft Source of Interruption Remarka

Ko Type

17 | Unknown 24PCLH Wheel Brake drums cracking where bolted to wheel flanges Cracks origl-
nate at bolt holes and progress untll faalure 1s complete where
failure is complete 1t can be detected without removing wheel;
othermise i1t may be necessary to do so Fleven drums have failed
80 fer  Perhaps too light a drum and/or due to expansion on ac—
count of heat from brakes

18 | Unkmown 12PCLM Wheoel Flangs Outer flange caating cracked in lock ring groove of taill wheel
Defective caating

Summary of Mechanical Interrupticns Inveolving Engine Failures

19 | Kansas City, Mo 24PCIM Master Rod Left propellsr went into high plteh on take—off due to fine par—
tlcles of steel and brass found in Cuno oil filter and asereen Tre-
sulting from maater red failure

20 | Pitteburgh, Pa PFALH A Plugs On the teke-off, just as the landing gear had been rotracted, the
right engine manifold pressure droppsd to 307  After su.fi‘icient.
altltude was rasched to mske the approach for a landing, the right
engine was throttled dommn and the gear was lowered

21 | Washington, D C 24PCIM Plugs Engine cut cut on take-off due to bad plugs.

22 | Newark, N J 24PCIM Carturator Motor quit on take-off

<3 | Washington, D G 24FCLM Detonation Ship took off from Hoover Fleid and Just crossed road when left
engine cut out  Plane landed in Weshington Alrport Engine cut
out due to detonstion brought about by high eylinder temperature
caueed by long run-up

24 | Pt Worth, Tex 19PCLE Overheating Left motor overheated on take-off (Motor newmly overhauled)

25 | Los Angeles, Cal 13PCLM Failure of crmomk case R H Englne threw oll badly just as sirplane left the ground

breather relief valve and pllet landed
26 | Pendleton, Cre 13PCLH Misfunctlioning of R H Englne would not rev-up properly cn take off
carturetor

<7 | Rochester, N Y 10PCIM Water 1n fuel Center engine stopped at 75 ft helght Pilot landed off the
girport

28 | Detrolt, Mich 16-1BPCIM Mechanical failure Cylinder head on one of the two engines blew off on the takeoff

Pilot landed on airport

(AR



PRIVA

TE AIRCRAFT - B

TAXE OFF CHARACTERISTICS

CORRECTED TG ZERD WIND

AND SPECIFICATION GROSS WEIGHT

TAHLE 28

MINES FIELD, INGLEWOOD, CATLIFORNIA -

GEOGRAPHICAL ALTITUDE 97 FT

Pressure Density K
Test Altitude Altitude DF Tastance Start to Unatick
No Feet Feet Unstick 50 Ft 100 Ft Speed
1201 -150 200 100 800 1892 2520 60
1203 150 200 100 765 2068 2710 61
1206 -150 300 998 751 2067 2548 62
1222 -100 200 100 &30 -— — 59
1223 -100 200 100 810 - - 59
1224 -100 200 1 00 754 — - 57
1225 -100 200 100 670 — — 58
1226 -100 200 100 710 — — 60
1227 -110 200 1Co 710 — - &1
1228 -110 200 1 Qo B62 275 2628 61
129 -110 200 100 75G 2130 2727 61
1270 -110 200 100 703 1936 2472 56
1231 120 200 100 832 1702 2258 62
1232 -120 100 1 003 897 1855 2607 63
1233 -120 106 1 003 505 1916 2521 64,
1242 -140 50 1 005 870 — — 61
1244 -140 50 1 005 850 1785 2363 b2
1246 140 50 1 00% 780 1780 2410 60
1248 -140 100 1005 838 1566 2124, 62
1250 -140 250 100 750 1740 2430 57
1252 -140 300 598 BCO 1720 2455 59
1267 4100 3300 697 - - — &,
1268 4109 3300 697 1110 26856 4091 &7
1269 4100 3300 €7 1320 3746 4878 65
1270 4100 3300 697 1200 3442 4413 &8
1271 4100 3300 &7 1136 2358 3497 66
1272 4100 3300 697 1078 2368 3066 &7
1273 4100 3250 &98 1215 2405 3322 72
1274 4100 3250 98 1246 2236 3199 68
127 4100 3250 &8 1185 2528 3322 71
1276 4100 3250 o 1325 2682 3526 65
1277 4100 3250 o8 1136 2384 3188 68
1278 4100 3250 &98 980 2556 3525 &4
1279 4100 3500 693 1018 2332 3340 &
1280 4100 3500 93 1170 2415 3456 70
1281 4100 3500 693 1238 2329 077 68
1282 4100 3500 693 1253 2382 3345 69
1283 4100 3500 693 1315 2674 3601 71
1284 4100 3500 693 1268 2460 3330 70
1285 4100 3500 653 1075 2345 3418 66
1286 4100 3500 693 1117 2233 3152 &5
1267 4100 3500 693 1061 2281 3172 64
1288 4100 3500 693 1212 2284 3106 68
1289 4100 3550 693 1252 2349 3226 71
1290 4100 3500 693 1208 2453 3365 €9
1291 4100 3500 693 1358 2330 3343 71
1292 4100 3800 688 1430 2684, 3626 77
1293 4100 3800 688 1500 g b 3444, 76
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PRIVATE ATRCRAFT

- B

LANDING CHARACTERISTICS

CCORRECTED TC ZERC WIND AND SPECIFICATION CROSS WEICHT

TABLE 26
SALT LAKE CITY, UTAd — GEOSRAPHICAL ALTITUDE 4220 FT
Densaity Distance From (tlnde Path Ratio
Test Altitude 100" to 50" 4o 100! to Contact 100" to 100" ta
No Feet Contect | Contact 50° Speed Contact 507
1205 3450 1852 1620 832 53 18 5 16 6
1296 3450 1158 627 531 58 11 6 10 6
1297 3450 1682 1221 461 57 i6 8 92
1255 3400 18456 1261 585 57 18 5 117
1360 — 1519 1245 533 &1 18 2 10 6
1301 3400 1519 910 609 66 15 2 12 2
1302 3400 2537 1868 669 61 25 4 13 4
1303 3400 1910 1285 624, 55 191 125
1304 3400 2297 1651 645 53 23 0 12 9
1305 3400 1467 Q34 533 59 L7 107
1306 3400 2198 1565 632 4B 22 0 12 7
1307 3400 1921 1369 552 5o 5 2 11 0
1308 2450 1952 1376 576 60 19 5 11 5
1309 2450 1692 111 541 63 16 9 11 6
1310 2450 2035 1405 630 56 20 4 12 6
1311 2450 211C 1522 588 53 211 11 6
1312 2450 2140 1488 652 56 21 4 30
1313 2450 1831 1359 412 53 18 3 94
1314 2450 1459 1338 517 55 18 6 10 3
1315 2600 1980 1420 560 52 19 8 11 2
1316 2600 1790 1215 575 1 17 9 11 5
1317 2600 1980 1455 525 g1 19 8 10 5
1718 2700 2170 1500 70 56 217 13 4
1319 700 1755 1155 600 56 17 & 12 0
1320 2700 2050 1400 &50 35 205 130
1321 2700 1925 1340 585 57 19 3 17
MINES FIELD, CALIFORNIA — CEQGRAPHICAL ALTITUDE 3 FT

1202 220 - — — 8 — —
1205 230 2056 1408 648 55 20 6 13 0
1207 200 1779 1115 664, 57 17 & 13 3
1208 200 1966 1143 423 55 19 7 1 5
1209 00 1792 147 bis 53 79 12 9
1210 300 1783 iy a39 56 17 & 16 8
1211 300 — — - 52 —_ —
1212 300 1627 1131 £96 57 16 3 9 g
1213 300 1228 T48 480 57 12 3 Q5
1214 300 1968 1423 545 56 19 7 106
1215 400 1513 948 565 56 51 11 3
1215 400 1925 1455 470 60 19 3 9 4
1217 700 2360 1980 380 4B 23 6 76
1218 700 2310 1550 450 53 231 17 2
1019 700 — — — 53 — —
1220 700 2375 1668 7o 53 23 8 142
1243 50 2100 10770 1030 59 210 20 6
1245 50 2120 1528 562 53 212 11 8
1247 50 1690 105G 640 53 16 § 1z 8
1249 160 1803 1038 765 54 18 0 15 3
1251 300 20B0 G0 1090 55 20 4 21 8
1253 lale! 1585 1210 375 53 15 9 75




AIRLINE ATRCRAFT - D
TAXE-OFF CHARACTERISTICS
CORRECTED T0 ZERQ WIND AND SPECIFICATION GROSS WEIGHT

TARLE 10
MINES FIELD, CALIFORNIA - GEOGR.APHIE.&L ALTITUDE 93 FT
Prsssure Denslity
Test Altltude Altituda DP Ilstanos Start to Unstick
No Feet, Feet TUnatick 50 Ft. 100 Ft. Speed
66 100 00 0-.975 736 1651 2084 86
358 100 800 0 g2 6725 1626 2682 83
370 100 900 0 968 769 2110 725 7
376 a0 700 C 975 1675 — — 112
I8 80 700 0§75 1438 3360 4450 107
380 80 700 0 975 1915 l:val —_ 108
384 B0 700 0 975 g3 2229 z763 g2
390 50 700 0 975 101 2340 — a3
392 50 700 0975 563 Z110 2840 85
394 50 1100 0 962 500 — — 59
396 50 1200 0 960 690 — — T4
Jee 50 1200 0 960 715 2850 —_ 7
400 80 1000 0 976 510 1860 — ALl
402 80 1000 0 976 1021 -— 6
413 100 1000 0 976 1110 2615 it 83
415 100 1500 0 950 1050 Z750 4020 a3
L7 100 1500 0 950 1025 Z155 3910 80
419 100 1400 0 953 109 2626 3746 86
421 100 1500 0 950 1440 136 Frar 81
425 100 1500 0 950 1110 2593 — Bb
SALT LARE CITY, UTAH - GEOGRAPHICAL ALTITUDE 4220 FT.
452 4300 4200 0.809 1005 2880 — 86
453 4300 6200 0.809 966 2430 - T
460 4000 5000 0.842 1380 — — 92
461 4000 5000 0 842 1380 —_ — 94
475 3500 4800 0 848 1116 — - 71
476 3900 4600 0 853 1450 —_ _ 89
&7 3900 5000 0 842 1469 — — 85
ATRIINE ATRCRAFT - D
LANDING CHARACTERISTICS
CORRECTED TO ZERO WIND AND SPECIFICATION GROSS WEL(HT
TABLE 31
MINES FIELD, CALTFORNIA - GEOGRAFHICAL ALTITUDE 93 FT
Toat No Denalty Altitude Faet Contact Spesed (M.P H.)
367 700 B4
369 900 822
371 1000 76
T 600 72
279 700 —
381 700 a3
383 700 &8
385 730 T4
387 700 71
389 700 &5
01 700 75
393 700 70




TABIE 71 {Cont'd 2)

MINES FIELD, CALTFORNIA - GROGRAFHICAL ALTITUDE 93 FT

Test No. Denslty Altitude Feet Contact Speed (M P H )
395 1100 64,
97 1200 70
9 1200 63
401 1200 81
403 1200 73
405 1100 71
406 650 T
47 9cO 79
48 900 73
400 900 79
A0 900 85
411 1000 B3
412 1000 78
[AFS 1500 77
416 1500 7,
FAE:] 1400 &9
420 1500 71
422 1400 75
424, 1500 71
426 1500 72
427 700 66
428 900 63
429 900 75
430 900 67
431 1200 70
433 1300 66
435 1500 63
437 1500 70
438 1700 75
439 1600 66
440 1600 Bl
461 2000 66
Li2 2000 63
443 1900 68
44, 2000 68
445 2300 70
462 5600 BO
463 5600 86
464 5600 83
465 5800 82
466 5800 72
A5T7 570G 71
468 6000 g1
469 6000 A
470 5800 73
471 6200 76
472 6200 75
473 6200 73
481 5150 2
482 5100 93
483 4900 71
484 5000 66
4B5 4300 66




ATRLINE AIRCRAFT - E
TAKE-OFF GHARACTERISTICS

CORRECTED TC ZERO WIND AND SPECIFICATION GROSS WELICHT

TABLE 32
CHICAGO, ILLINOIS — CEOGRAPHICAL ALTITUDE 614 FT
Pressure Density

Teat Altitude Altitude KDP Distence Start to Unatick
No Feet Feet Unstick 50 Ft 100 Ft Speed
1 850 2600 G 914 874 2640 3450 58
59 450 2200 0 927 850 — — &7
83 450 2600 0 9L4 846 3682 4969 64
105 450 2600 0 914 636 1980 2470 58
107 450 2600 0.914 760 1920 2520 58
122 00 2000 0 932 1270 2315 285G g5
123 500 2000 o 932 1212 2587 147 86
127 500 2000 0 932 1149 2300 2835 87
133 500 2500 0 918 1430 3189 4253 71
160 600 2600 0 914 1242 2949 3926 78
177 550 2600 0 914 1200 2517 3499 71
195 400 1600 0 947 1242 2954 4061 80
200 400 1700 0 942 790 2694 3566 64
201 400 1700 0 942 825 3206 3747 66
236 550 2300 0 922 820 2475 740 69
284 700 2750 0 210 1200 3100 3920 82
286 700 2600 0 914 1073 3010 4100 71
287 750 2500 0 918 850 2507 3416 65
292 700 1800 0 938 1170 2080 3969 T4
302 650 1800 0 938 751 1910 2560 62
305 700 2400 0 920 935 2660 3710 65
el 700 2400 0 Q20 1575 3100 3820 ]

BURBANE, CALTFORNIA — GEOGRAPHIGAL ALTITUDE 695 FT

309 700 2100 0 930 1250 3170 3820 78
310 650 2000 0932 1200 2800 3680 76
313 750 2600 0.914 820 3270 4690 65
314 700 2750 0 910 1148 3140 4220 79
317 750 2600 0914 1480 3120 4260 86
320 650 2000 0 932 1250 2611 3521 73
324 700 3050 0 900 1170 2640 371G 74
326 750 2000 Q g00 1410 3310 4360 a6
329 650 1650 G 943 1170 3316 4268 T4
3321 650 2250 Q0 924 1490 2010 3570 gd
339 750 2100 G 930 1300 2770 3790 73
340 750 2100 0 930 1240 2826 761 84
34, a50 2650 091 1249 3337 4189 77
345 2850 2600 0 914 1360 3310 4219 76
47 850 2450 0 920 1135 2054 3196 il
349 750 n7s 0.96C 1344 2849 4428 go
351 750 1500 0 950 1250 3135 4066 75
354 800 2250 0 924 1585 3166 3855 82
355 800 2250 0 924 1486 3in 3956 79
357 800 2100 0 930 994 1496 2457 66

SALT LAKE CITY, UTAH - GEQOGRAPHICAL ALTITUDE 4220 FT

488 3750 5000 0 842 2014 4266 5551 T
489 750 5000 0 B42 2202 LO6S 5BB0 89
490 3900 5600 ¢ 825 1614 4546 5695 77
490 (2) 3900 5600 0 825 1845 3835 5180 85
491 4100 5600 0 825 1705 41B6 5480 90
493 4100 6300 0 805 1500 372 5896 83
496 4120 &300 C 805 1359 4274 5202 70
499 4150 5000 0 B42 1526 57368 — g7
504, 3800 4300 0,861 1728 5658 5824 g7

505 3800 4400 0 860 2104 4539 5970 93




TABIE 32 (Cont'd 2)

SALT TAKE CITY, UTAH - GEOGRAPHICAL ALTITUDE 4220 Ft

Presaure Denalty

Test Altitude Altitude K Distance Start to Unstick
No Feet Feet DP  MOnstick | 50 Ft | 100 Ft Speed
508 3840 4£500 0 858 1150 1374 4297 76
509 3950 5000 0 842 1753 5107 5970 8l
511 3350 5050 0 840 1759 4298 6309 79
512 3900 5100 0,838 171G 3211 3998 B89
513 2900 5100 0 838 2027 4850 6365 a3
515 (B} 3900 5100 0 8328 1628 3805 4800 a0

ATRLINE ATRCRAFT - E
LANDING CHARACTERISTICS
CORRECTED TO ZERQ WIND AND SPECIFICATION GROSS WEIGHT

TARIE 33

BURBANK, CALIFORNIA - GROGRAPHICAL ALTITUDE 695 ET

Density Distance From Glide Path Ratlo
Test Altitude 100 to | 50" to 100! to Contact 100" to 100" to
No Feet Contact | Contact 50! Speead Contact 50"
727 (2) 900 — — - 84 _ —
741 1600 2682 1838 844 81 26 8 169
743 1600 1579 1156 823 79 15 & 16 &
770 600 2271 1454 817 73 22 7 16 3
9 SL 2137 1329 808 73 21 4 16 2
77 1000 2174 1590 584 69 21 7 11 7
855 1200 2122 1270 852 T 212 17 0
682 1500 2659 1584 1071 7R 26 6 21 4
B36 1700 2253 1373 ago 79 25 17 6
890 {2) 1400 2797 1348 1499 26 280 20
897 BOO 2335 1329 1066 67 24 0 21 3
903 1400 2445 1785 660 71 24 5 12 2
906 1700 2457 1850 607 67 2 6 12 2
910 1400 2400 1710 690 — 20 13 8
911 1500 2417 1595 B2 7L 24 2 16 4
914 2000 2055 1345 710 76 20 6 14 2
916 2000 2547 1686 861 — 25 5 172
920 (2) 1400 2396 1550 B46 70 240 16 9
923 170G 2760 2020 T40 75 27 6 14 8
924 1800 2345 1432 G13 — 235 18 3
926 1800 1756 1255 501 BO 17 6 10 O
Q42 2300 2058 1303 755 il 20.6 151
47 3000 1565 a63 702 80 15 7 14 0




CORRECTED TO ZERO WIND AND SPECIFICATION CHCSS WELGHT

ATRLINE ATRCRAFT - F

TAEE—OFF CHARACTERISTICS

TABLE 34
CHICAGO, ILLINOIS - GEOGRAPHICAL ALTITULE £14 FT
Pressure Denaity
Test Altitude Altatude Lo Dia @ Start to Unstick
Ko Faet Feet Unstick 50 Ft 100 Ft Speed
108 + 480 + 2600 0 914 1060 4571 5665 7
110 + 480 + 2600 0 514 853 3161 4,288 67
112 + 500 + 2600 0 914 1050 4555 5702 69
121 + 540 + 2000 0931 1462 4000 4830 Bl
129 + 540 + 2300 0 9z 1870 4160 5290 79
135 + 560 + 2500 0 918 1480 3450 4120 9
143 + 560 + 2500 0 918 1870 4720 5750 81
14d, + 580 + 2500 0 G18 1827 4200 £910C T
156 + 590 + 2500 0 918 1675 3580 4650 80
166 + 550 + 2000 0 931 2140 3340 4370 35
169 + 550 + 2000 0 931 1710 4490 5770 80
176 + 550 + 2600 0 914 1917 4400 5080 g8
174 + 410 + 2600 0 914 2040 3370 4550 g6
191 + 430 + 2000 0931 1940 3350 4550 g2
207 + 450 + 2200 0.926 1455 3181 — T
208 + 580 + 1800 0 938 1B45 4100 _— 9
FT WORTH, TEXAS - OECORAFHICAL ALTITUDE 660 FT
627 + 550 + 600 0 9n 1322 3646 4757 g2
632 + 510 + 500 0 982 1703 3580 4460 97
647 + 600 + 950 0,968 2000 4330 5255 98
653 + 600 + BOO 0.971 1700 717 4605 g7
665 + 250 - 700 10X 1770 4100 4900 B9
666 + 250 - 700 1.027 1576 3040 3900 28
667 + 240 - 700 1 027 1715 3042 3528 B7
668 + 240 - 700 L.027 1618 2990 3430 86
669 + 240 - 700 10 1500 2700 3240 87
&70 + 230 - 7100 1 027 1790 3260 3950 97
671 + 220 - 700 1.027 1455 2750 3142 B2
672 + 220 - 700 1027 1445 2570 3050 BE
674 + 240 - 700 1 027 1520 2590 2980 aa
BURBANK, CALIFORNIA - GECORAFHIGAL ALTITUDE 695 FT

278 + 710 +1750 0 940 1140 — — 72
306 +720 + 2500 0 918 1570 3573 — g6
330 + 690 + 2200 0 926 1322 —_ — 75
338 + TIC + 2250 0 924 1730 3360 —_ 73
350 + 760 + 1500 0 950 1525 —_— —_ T




L~

ATRLINE AJRCRAFT - G

TAEE OFF CHARACTERISTICS

CORRECTED TO ZERQ WIND AND SPECIFIGATION (ROSS WEIGHT

TABLE 35
MINKES FIELD, CALTFORNIA - GEOGRAFHICAL ALTITUDE 93 FT
Pressurs Denaity
Teat Altitude Al titude EDP Distance gJtart to Onatick
Ko Feet, Feet Onatick | 50 Ft Speed
1235 150 0 1 000 1670 1770 g7
1236 (4) 150 200 0 993 1010 1650 g2
1238 150 150 0 995 1020 1890 B2
1240 150 150 0 995 930 1860 9
1260 120 300 0 990 1555 — 94
1262 120 300 0 990 1400 — g2
#NOTEr No take—off data to 100 féot helght awmilable for this alrplane

ATRLTNE ATRCRAFT - Q

LANDING CHARACTERISTICS

CORRECTED TO ZERC WIND AND SPECIFICATION GROSS WEIGHT

TABLE 36

MINES FIELD, CALTFORNIA — GEQGRAPHICAL ALTITUDE &3 FT

Glide Path Ratic

Density Tistance From [
Teat Altitude 1007 to 50" to 1007 to Contact 100" to 1001 to
No Foet Gontact Contact 50! Speed Contact 501
1188 500 — — — B4 — -
1236 (1) 0 910 600 310 &8 91 62
1237 200 1270 980 290 73 127 58
1239 150 1040 690 390 78 108 R
1241 15C 1560 1220 340 BC 15 6 &8
1255 300 1820 1034 786 a1 18 2 15 7
1257 200 1686 987 699 B4 16 9 14 0
1259 300 1700 892 80g T 17 0 16 2
1261 350 1639 792 847 B2 16 4 16 9
1263 300 572 1526 1046 76 257 20 9
ATRILINE ATRCRAFT - H
TAKE-OFF CHARACTERISTICS
CORRECTED TO ZERO WIND AND SPECIFICATION GROSS WEIGHT
TABLE 37
CHICAGO, JLLTINOIS — GEOGRAPHICAL ALTITUDE 614 FT
Presaure Dens1ty
Test Altitude A tatude KDP Distance Start to Unstick
No Fest Faet Unstick 50 Ft 100 Ft Speed
4 + 850 + 280C 0 909 1620 3800 4400 B
& + 850 + 2700 0 910 1660 2880 4693 88
g + 850 + 2600 0913 1820 3244 3770 30
10 + 850 + 2700 0 910 1670 3730 4960 29
13 + 850 + 2700 0910 1775 3840 AL60 B7




TAHLE 37 (Cont'd 2)

CHICAGO, ILIINOIS - OBOGRAPHTICAL ALTITUDE 614 FT

Pressure Dens=ity Distance Start to Unstick

Test Altitude Altdtude Epp Unstick 50 Ft 100 Ft Speed

No Feet Feet

1, + 850 + 2500 0 918 1660 3550 4580 g8

15 + B50 + 2500 0 918 1430 3295 4063 85

79 + 450 + 2300 0 923 1260 4220 5570 78

89 + 450 + 2300 0 923 1150 3570 — 13

g8 + 450 + 2600 o 913 1340 —_— — 78
118 + 500 + 2000 0 932 1750 4420 — 96
12/, + 50C + 2200 0 926 1365 — — 93
130 + 500 + 2400 C 920 1630 — —_ a7
131 + 500 + 2400 0 920 1800 3900 — 8a
132 + 500 + 190C 0 936 1478 —_ - 29
124 + 500 + 1900 0 936 1195 -— — T
136 + 500 + 1900 0 936 1200 — — 95
137 + 500 + 1900 0 936 1150 — . g7
148 + 550 + 2600 0 913 1130 2840 3720 8o
155 + 550 + 2600 C 913 1895 3635 L2295 g2
157 + 600 + 2500 0 918 1600 4030 5010 90
158 + 60 + 2500 0 918 2040 4080 5400 100
159 + 600 + 2500 0,918 1810 4380 5670 86
162 + 600 + 2500 0 918 1530 4020 5740 100
163 + 600 + 2500 0 918 1570 4430 5940 92
164, + 600 + 2500 C 918 1534 4170 4760 86
172 + 550 + 2200 0 926 3020 5540 6660 113
174 + 550 + 2600 0 913 1935 4500 5560 935
175 +550 —+ 2600 0 93 2100 4200 — 101
18z + 550 + 2600 0 913 1710 Fre0 — 85
185 + 400 +1400 0 952 1321 3940 5250 87
189 + 400 + 1400 0 952 2020 - 4012 29
193 + 400 + 1500 0 950 1814 3615 4LB60 80
196 + 400 + 1600 0 947 1380 - 5827 81
203 + 450 + 1500 0 950 1368 2528 4300 92

BUFBANK, CALIFCRNIA - GEOGRAPHICAL ALTITUDE 695 FT
281 +700 + 2800 0 909 1400 3390 4510 86
282 + 700 + 2750 0 910 1385 3080 —_ a7
289 + 800 + 2600 0.913 1574 3160 4725 36
290 + 800 + 2800 0 909 1660 3050 3670 100
24, +750 + 2100 0 929 1984 4840 5830 94
295 +750 + 2400 0 920 1390 2610 3915 83
298 +B00 + 2100 092 1416 3871 5091 i
299 +750 + 2200 0 926 1412 2660 3353 86
318 +750 + 2600 Q913 2200 3440 4165 98
324 +750 + 2800 0909 1630 3120 3420 30
337 +750 + 2800 [ER=10.°] 1585 Jz2ro 4165 90
342 +B00 + 2600 0913 1775 4055 4830 83
343 +B50 + 2700 0 910 1192 2940 4000 78
SALT TARE CITY, UTAH — GEOGRAPHIGAL ALTITUDE 4220 FT

487 4850 6300 0 805 2650 — _— 104,
4£90-4 3300 5500 0 a28 2225 5350 6130 96
492 4100 6250 0 805 2820 64,50 - 99
495 £100 6400 0 802 3380 — — 100
497 4150 4350 0 447 2580 5185 6730 100
503 3800 4300 0 861 2360 4300 5830 2
506 3825 4400 0 859 2545 5450 6230 94
507 3950 4700 0 848 2040 5870 — 92
510 (13 £000 5000 0 840 1940 5450 — 84
510 (3 4000 5000 0 840 2710 4930 6530 96
51, 3925 5100 0 838 2645 6275 7510 102
515 (1) 3925 5100 0 838 2600 7100 7570 106
517 4000 5600 0 835 2295 5090 - 99
519 4000 5550 O 827 2710 5625 —_ 105
524, 4000 5600 0 das 2470 6050 — a4




las

TABLE 37 (Cont'd 3)
CHEYENNE, WYUCMING — GEOGRAPHICAL ALTITUDE 6145 FT
Pressure Density
Test Altitude Al tatude K'DP Distance Start to Unstick
Re Feet, Faect Unatick 50 Ft 100 Ft Speed
536 +&050 + 8100 0 754 2660 7020 5100 0
538 + 6050 + 8100 0 754 530 525C 7085 106
540 +6050 + 8100 0 754 2230 5650 2060 101
Shé +6050 + 8100 0 754 2730 6620 TT4L0 101
546 +6050 + 8000 0 758 2545 5930 7350 98
S48 +6050 + B0OOO 0 758 2510 6280 7880 9
550 +6000 + 6400 0 802 2205 6400 7250 88
552 +6000 + 6400 0 B02 2560 5350 6500 96
554 +6000 + B400 0 802 3270 5710 6980 116
556 + 6000 + 6700 0 794 2500 4406 6000 109
558 + 6000 + 6700 0 794 2940 5070 6lEC 109
560 + 5960 +&700 0 794 2650 4B50 6160 107
562 +5950 + 6700 G 794 2640 5160 6200 105
564, +5950 + 6700 Q 794 2620 4730 6230 109
566 + 5950 + 6700 Q 794 3020 5670 6510 110
568 +5950 + 6900 0 7389 3480 6140 — 105
570 +5950 + 6900 0 789 2230 5050 6250 93
572 +5950 + 6500 0 789 2340 5320 9130 103
574 +5950 + 6900 0 785 2320 5250 5480 108
576 +5950 + 6900 0 789 2755 4270 5480 110
580 +5950 + 7000 0 787 2270 5375 6750 102
582 +5900 + 6200 0 go8 1976 5130 5876 91
584 +5500 +6200 0 BB 1985 4560 5960 94
586 +5900 + 6200 0 Bog 2350 5120 64,50 91
588 +5900 + 6200 0 Bos 27590 4930 6170 110
580 +5500 + 6200 0 gog 2664, 5580 6965 101
592 +5900 + 6200 0 808 2345 5340 6440 100
594, +5%00 + 6200 0 gog 2300 5510 6600 96
506 + 5900 +6660 0 797 2270 5510 6350 99
£00 +5900 + 6500 0 797 2110 5390 7120 95
602 +5900 + BE00 0 797 1967 4700 6440 95
604 +5900 +7100 o 779 2620 5725 6930 109
€06 +5900 +7100 0 779 2535 5340 6280 113
&08 +5900 +7100 o 7TR 2560 5800 6960 114
618 +5930 + 7400 0 775 1950 5960 6950 90
FORT WORTH, TEXAS - GECGRAPHICAL ALTITUDE 680 FT

&25 600 600 0 982 1320 3912 5256 81
630 500 700 0975 1640 3490 4150 89
649 600 1000 0 967 245 4435 6030 38
£61 400 400 0 987 1400 2884 3988 76

ATRLINE ATRCRAFT - H

LANDING CHARACTERISTICS

TABLE 38

CORRECTED TO ZERO WIND AND SPECIFICATION (R0OSS WEIGHT

CHICAGD, ILLINOIS — GEOGRAPHICAL ALTITUDE 614 FT

Density Distance From O1lide Path Ratlo
Test Altitude 100! to 507 to0 100" to Contact 1001 to 1007 to
No Foot Gontact Centact 507 Speed Contact 507
22 (2) 1100 1780 757 1023 723 17 8 20 46
23 1160 1073 484, 589 Bl 5 10 7 11 78
24 1100 1545 931 614 B2 5 15 5 12 28
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TAHIE 38

(Comt'd 2)

BURDANE, CALIFORNIA - GEQCGRAPHICAL ALTITUDE 695 FT

Denslty Dstange From Contact Glide Path Ratie

Taast Altitude 109" to 50" to 100" 1o Speed 1007 to 1507 to

No Fegt Contact Contact 5070 Contact 5010
732 1000 227 1573 564 T8 2.4 11.3
T8 40 292 1591 901 72 24.9 B0
785 700 1376 795 581 T 132.8 11.6
BOS 700 — 904 — 9% — —
BOG 400 —_ 920 — 77 —_ —_
813 700 2071 1244 827 8 20.7 16 5
a14 700 15%2 972 580 84 15.5 n.s
817 800 2058 1353 705 a2 20,6 141
836 1400 2007 1292 714 81 201 14 3
B38 1400 1833 1180 653 82 18.3 121
839 1400 217 1229 968 7 22.2 19 8
840 1200 2294 1502 792 B4 2.9 15 8
847 1400 1925 1505 420 73 19 2 8.4
as52 2000 X748 2097 651 90 7 s 13 0
854 2000 1796 951 845 100 18 0 169
Bs7 1200 352 1704, 648 82 23.5 12 9
858 1600 1939 1217 622 81 19.4 12.4
859 1600 1890 1055 835 29 18.9 16 7
B60 1400 2059 1351 708 81 26 P
867 1600 1829 1308 51 78 18 3 10 4
gd1 1700 2099 1553 546 76 21.0 109
883 1400 1797 1273 524 82 18 0 10.4
884 1400 2353 1634 719 79 23,5 44
BES 2000 3339 2103 1236 69 334 24 7
8g7 1400 2568 722 846 78 25.7 16 9
gad 1400 1936 1398 538 85 19 4 10 B
891 (1) 1200 1697 1119 578 77 17 0 16
9m 1800 2060 1521 539 78 26 10.8
904 1600 1795 1245 550 a2 18.0 11 0
S07 1800 2454 1666 788 79 24 5 15 8
308 1800 1684 1067 617 80 16.8 12.3
9 1400 2683 1745 938 80 %8 188
912 (2) 1600 1923 1325 598 T4 19,2 120
917 2000 2491 1538 953 B3 24.9 19.1
918 2000 1878 1314 564 o0 18.8 n3
919 1100 2151 1693 458 90 21.5 92
925 2000 2134, 1534 620 87 21.3 12,4
926 (2} 2000 1868 1247 621 74 18 7 12 4
97 1400 2084 1638 446 ag 208 89
928 1400 1953 1340 613 83 19 5 12,2

FORT WORTH, TEIAS - QEOCRAPHICAL ALTITUDE 680 FT.

834 600 _ — — 75 0 - —
636 600 - — - 75 0 — —_
638 600 — — — 76 0 — -
640 700 —_ - —_ 76 0 — —
642 600 — —_ — 79 0 — —
646 800 —_ — — 67 0 — —
650 800 — - — 76.0 - —
652 800 —_ —_ — 66 0 - -
655 900 —_ — —_ 720 — —
659 1100 -_— — — 72.0 —_— —

SALT LAXE CITY, UTAH - GEOGRAPHICAL ALTITOUDE 4220 FT

1325 3300 2353 1728 625 g6 235 12.5
1327 3400 2729 2080 649 80 3 13 0
1329 3400 407 1935 472 78 2 1 9 4
1331 3400 2462 1607 855 92 24 6 17.1
1333 3400 2869 2208 661 89 28,7 13.2
1336 3300 2890 260 730 T 289 L, 6

——— e



TABLE 38

(Cont'd 3)

CHEYENNE, WIOMING - OEQGRAPHICAL ALTITUDE 6145 FT

Denaity Distance From G11de Fath Ratio
Teat Altitude 100' to [ 50" to 160" to Contact 1007 to 100! to
No. Faet Contact | Contact 501 Speed Contact 50!
527 7800 — — — 95 3 — -
529 7800 — — — 94 2 — —
531 7800 — — - 94 7 — —
533 7800 _ —_ —_— 102 2 —_ —
535 8000 — — — 8 1 — —
537 8000 — — — 104 0 —
539 8000 — — B3 2 -
541 8000 — — 83 2 —
543 8000 - — 850 —_
545 8000 — - -_— 94 0 -~
551 6400 — — - 92 6 —_
553 6400 — — 92 7 —_ —_—
555 6400 — — — B2 © — —
557 6700 — — -— 92 0 _— —
559 6700 — -— -_ 94 5 - —
561 6700 — — — 9l 4 — —
563 6700 -— — — 94 6 —_
565 £700 — — - 91 o — —
567 6700 — — 49 4 — —
5€9 6800 — — - 93 5 -
571 6800 — — — 97 C
573 6800 — —_ 97 2 —_ _
575 6800 — — — 7 5 —_ —
577 7000 — — g7 2 - —
579 7000 -— — - % 2 - —_
581 7000 — — — 99 3 — —
583 6100 — — — Bl 0 — —
585 6300 — — g9 7 — —
587 €200 — — - g7 5 — —
5689 6200 - —_ - 91 5 — —
591 6200 — — — 95 6 —_
593 6200 — — — 95 5 — —
595 670 — — — 838 © —
597 7000 — — g7 0
599 6700 — —_ G0 0 — —
601 6720 — - — 390 5 — —
603 6800 — — 107 8 —
605 7000 — — - 8 0 —_
Eled) 7100 — — 1601 © — —
b09 7400 — -— 94 7 —
611 7400 — — — 94 0 —
613 7400 — — — B9 5 —
615 7400 - - - 90 5 — —
617 7400 — g8 5 — —
619 7400 — — — gg s — —
621 7500 _— 85 0 —_— —




ATRLINE AIRCRAFT - H

BLIND LANDING CHARACTERISTICS

THESE RECORDS WERE OBTAINED BHY LANDING ON THE CAKLAND BEAM WITH THE FILOT UNDER

THE HOCD EXCEPT AS NOTED

TABLE 39
OAKLAND, CALIFORNIA — GEOCRAPHICAL ALTITUDE 33 FT
Dansity Contact Glide Path Ratlos

Test [Altitude [Digt to Contact from| Dast +to Stop from Speed 1007 to| 50t to| 100! to
No Feet 100 1t 50! Bt 100" | 50" [Contact| (M P H }{ Cont Cont 50
1339 | - 600 5285 2385 —_ - — 99 5291l | 47.811( 5801
1340 | - 500 5325 3325 — — — 96 533 66.6 500
1341 | - 600 5350 3300 — — — 96 53 5 66 0 A0
1342 | - 600 5130 2290 7030 [ 5190 | 19C0 30 51 2 65 @ 36 B
1343 | - 550 5120 2150 B385 | 5415 | 3265 g7 51,2 43 0 59 4
1344 | = 550 5470 3270 7880 | 5680 | 2410 92 54 7 65 4 & ©
1345 | - 550 5860 3620 8160 | 5930 | 2300 75 58 6 726 4 6
1347 | - 800 5250 3400 — - — B89 52 5 68 0 370
1348%] 1050 6740 4480 — — — 104 &7 4 89 6 45 2
1349%| 1050 5990 4560 — — — 9, 59 9 91 2 4B 6
1350+ - 900 5680 3810 — - — a9 56 8 76 2 4
1351%| -1000 6170 3490 B850 | 6170 | 26 a8 61.7 69 8 52 6
1353 | - 700 5420 2370 — — — 104 54 2 4T 4 430
1354 | - 700 4780 3150 - — — 81 47 8 63 6 32 0
1355 [ - 700 5535 3660 — — -— 90 5 4 32 37.5
1356 | - 550 4060 2420 6900 | 4660 | 2240 92 46 6 48 4 44 8
1357 | - 700 4970 2620 — - — 94 49 7 52 4 47 C
1358 - 700 5280 3090 —_ —_ -_— 91 2 8 61 8 51 8
1359 | - 700 5490 3290 — -— — aa 54.9 65 8 4 O
1360 - 700 5320 2390 — _ 94 53 2:1 57T B 4861
1361 | - 700 5365 3990 — - — 91 53 7 79 8 275
1362 | - 650 5645 2950 — - - 96 56 5 59 8 53 2
1363%| - 600 5500 3390 — — - 97 55-C 67 8 42 3
1364x%| - 600 6280 3710 — — — 95 62 8 T3 51 4
1367 | - 600 4050 2540 — - — 98 40 5 50.8 302
1368 | - 400 5140 2870 — —_ 103 51 4 5T 4 45 4
1369 | - 400 4505 3190 - — — 1 45 1 63 4 26 3
1370 | - 400 5565 3530 — — - 106 55 7 70 6 4077
1371 | - 400 5580 3370 - — — 100 55 8 67 4, 4 2
1372 — 400 5200 3590 —_— —_— — 103 52 C 718 32 2
1375 | — 400 5985 3155 9550 | 6720 | 3565 a7 59 9 63 1 56 6

# Visual Tests But Filying on Beam

¥OTE. Distance and glide path data listed in this table are not corrected to zero
wind velocity nor to specification gross weight, since these landings were
made by folloming a radio beam, the locus of which 1s wnaffected by elther

wind or weight

Contact gpeed data, howsver, are corrected for both wird

and weight
GROUND ROLL CHARACTERISTICS
TABLE 40
Teat Airplane Speed at Groand
No Designation Type Contact Roll
1202 B Private 48 924
1205 B Private 55 1068
1207 B Private 57 1025
1208 B Private 55 894,
1205 B Privets 53 g12
1510 B Private 56 1058




TABLE 40 (Cont'd 2)
Test Alrplane Speed at Ground
No Deargnation Type Contact Rell
1211 B Praivate 52 886
1212 B Private 57 1053
1213 B Private 57 1148
1224 B Private 56 BEQ
1215 B Private 55 1108
1216 B Private 60 948
1217 B Private 48 740
1218 B Private 53 740
1243 B Private 59 850
1245 B Private 53 1380
1247 B Praivate 53 710
1249 B Private 54 5
1251 B Pravate 55 1280
1253 B Private 53 1220
1295 B Private 53 1095
1296 B Private 58 1240
1297 B Private o7 1152
1299 B Private 57 1250
1300 B Private 62 1150
1301 B Private 66 1912
1302 B Private 61 1532
1303 B Private 65 1340
1304 B Private 53 1036
1305 B Private 59 1485
1306 B Private 48 1188
1307 B Private 56 1242
1308 B Private 60 1005
1309 B Private 63 1700
1310 B Private 56 1090
1311 B Private 53 1003
13212 B Private 56 1032
1313 B Private 53 1115
1314 B Private 55 879
1315 B Private 52 830
131% B Private 51 1180
1317 B Private 51 1170
1318 i Private 56 990
1319 B Private 56 1120
1320 B Private 55 a70
1321 B Pravata 57 1360
450 D Airline a6 1835
451 D Alrline 90 1465
458 D Airline 105 1955
459 D Airline 111 2435
486 ) Airline 99 1922
1196 1] Arline 75 2145
1236 (1) a Mrline &8 1600
1237 G Airline 73 1200
1239 G Airline 78 1210
1255 G Mrline 81 1268
1259 G Airline 79 1230
1261 G Airline 82 1361
1263 G Airline 76 972
1342 H Airline 90 1900
1344 H Alrline 92 2410
1345 H Airlne 75 2300
1351 H Airline ed 2680
1356 H Airline 92 R4L0




SEASONAL FLUCTUATIONS

N
PRESSURE & DEMSITY ALTITUDES
TABLE /41
ATRPORT: Burbank, Califorma
Los Angeles, Califernina
¥in Alrpert Simltaneous
Period of Barometer Values of
Observaticn Inches Hg Press & Temp Hax. Max
Beginning End {For Determiming “{For Max Dens At )|Density |Pressure
of of Max Pressure Airport | Temp # Altitode [ Altatude
Period Period Altitude) Barcmeter {Degrees F (Feat) (Feet)
{In kg ]

6-15-37 6-21-37 29 07 29 10 g7° 2700 +780
6-22-37 6-30-37 29 01 29 10 82: 2300 +840
7-1-37 7-7-37 29 95 2 09 91 2900 +890
7-8-37 7-14-37 29 11 29 18 78° 2000 + 740
7-15-37 7-21-37 29 10 29 18 84: 2400 +750
7-22-37 7-31-37 25 o8 2 14 7E 2000 +770
#-1-37 a-7-37 29 02 29 02 ac°® 2400 +830
4-8-27 8-14-37 29 02 29 02 77° 2000 +830
B-15-37 8-21-37 29 00 29 00 80° 2300 +850
8-22-37 8-31-37 28 98 29 15 95° 3100 +890
9-1-37 9-7-37 28 05 29 14 ag° 2750 +79G
9-2-37 9-14-37 29 00 29 10 95° 5200 +850
9-15-37 G_21-37 28 98 29 ¢6 93° 3000 + 890
9-22-37 9-30-37 29 12 29 17 856° 2500 +730
10-1-37 10-7-37 29 16 29 16 a3° 2300 +71C
10-8-37 10-14-37 29 09 29 12 gs° 2450 + 760
10-15-37 10-21-37 29 08 29 08 g3° 2350 +770
10-22-37 10-31-37 29 12 29 14 74: 1800 +730
11-1-37 11-7-37 29 16 26 36 75, +1500 +710
11-8-37 11-14-37 29 15 29 16 71 1650 +720
11-15-37 11-21-37 29 17 25 28 '73: 1600 + 700
11-22-37 11-30-37 28 12 29 23 B3 2050 +730
12-1-37 12-7-37 2 o7 29 16 g0’ 2100 + 730
12-8-37 12-14-37 29 06 23 10 695 1500 +790
12-15-37 12-21-37 29 20 2 24 78 1950 +680
12-22-37 12-31-37 29 05 25 15 74 1800 + 800
1-1-37 1-7-38 2 16 29 18 73" 1700 +710
1-8-38 1-14-38 29 17 29 20 go® 2000 +700
1-15-238 1-21-38 29 06 29 10 65° 1400 +750
1-22-38 1-31-38 29 00 29 30 80° 1950 +850
2-1-38 2-7-38 29 10 29 30 690 1400 +750
2-8-38 2-14-38 29 00 29 0C 58 300 + B850
2-15-38 2-21-38 29 08 25 10 64° 1200 + 770
2-22-38 2-28-58 29 16 29 22 76° 1400 +710
3-1-38 3-7-38 28 88 28 B8 62° 1250 + B8O
3-8-38 3-14-38 29 10 29 22 7 1800 +750
3-15-34 3-21-38 29 12 29 20 707 1500 +730
3-22-34 3-31-38 29 02 20 05 68., 1500 + 830
4-1-38 4-7-38 29 13 29 20 5. 1750 +730
4-H-38 4-14-3B 29 10 25 18 77 1950 + 750
4-15-38 4-21-38 29 04 29 13 90" + 2300 + 820
4-22-38 4-30-38 29 09 29 18 97 1400 +760
5-1-38 5-7-38 28 98 29 04 a0 2400 +890
5-8-38 5-14-38 29 10 29 10 72° 1650 +750
5-15-38 5-21-38 29 04 29 10 62° 1000 + 810
5-22-38 5-31-38 29 06 29 12 32: 2300 +790
6-1-38 6-7-38 29 08 2912 T4 1800 + 770
6-8-38 H=-14-38 29 11 29 18 ao’ 2100 +770
6-15-38 6-21-38 29 04 25 08 72 1700 +810
6£-22-38 6-30-38 28 95 29 00 77° 2000 + 890
7-1-38 7-7-38 29 13 29 4 74" 1800 +1730
7-8-38 7-14-38 2 14 29 18 80° 2100 +725
7-15-39 7-21-38 29 10 2 10 T 2200 +750
7-22-38 7-31-38 2 02 29.06 84, 2500 +830
g-1~-38 8-7-38 29.04 29.05 94 3000 +a10




TAHLE 41 (Comt'd 2)

AIRPORT: Burbank, Califernia
Los Angeles, Callfornia
Mln Alrport Simultansous
Psriod of Barometer Values of MNax Max.
Obeervaticn Inchens Hg. Pregs & Temp. Deneity | Pressura
Baginning Bnd {For Determining | (For Mex Dens Alt Altitude|Altitude
of of Max Preasure Alrport | Temp * (Feet) | (Fest)}
Period Period Altituds) Barcmeter |Degrees F
(In Hg )
8-8-38 B-14-38 29 06 29 11 95° 3200 +790
8-15-38 8-21-38 29.10 x 22 a8 3000 +750
g-22-38 8-31-38 28 98 29 02 gg° 2800 + 890
9-.1-38 9-7-38 25 01 29 04 #1° 2250 + 840
9-8-18 9-14-38 29,01 29.10 94° 3250 +840
9-15-38 9-21-38 29 06 29,16 92: 2800 + 790
9-22-38 9-30-38 2910 29 16 &9 700 +750
ATRPCRT Cheyenne, Wyoming
6-15-37 6-21-37 23 85 24 05 90° +9150 6150
6-22-37 6-30-37 23.92 23,95 91° +9350 6080
7-1-37 7-8-37 24,00 2/, 06 91° +9200 6000
7-8-37 71437 23 93 24 00 85 ~+BB50 6080
7-15-37 7-21-37 24 00 24 06 92° +9200 &000
T=2=37 7-31-37 24 10 24 10 g2° +9150 5900
8-1-37 8-f7-27 24 00 24.03 93° +9250 6000
8-8-37 8-14-37 23 97 24 00 957 +9500 6060
8-15-37 8-21-37 23.95 2, 10 g9 +9000 6050
8-22-37 g-31-37 23 90 23 93 92° +9400 6100
9-1-37 5731 24 00 24 10 g3° +9200 6000
9-8-37 9-14-37 24 03 24 04 B5° + 8600 5970
9-15-37 9-21-37 23.90 23 94 8g” +9200 6100
9-22-37 9-30-37 23.84 23 90 77° +8550 6140
10-1-37 10-7-37 23 70 24 00 74 +8300 6280
10-8-37 10-14-37 24,05 24 06 71° +B000 5950
10-15-37 10-21-37 23 55 23 65 56° +7700 6500
10-22-37 10-71-37 23 92 24 00 78° +B500 6080
11-1-37 1-7-37 23 60 23 65 57° +7600 6410
11-8-37 11-14-37 23 66 23 80 61° +7650 6360
11-15-37 11-21-37 23.50 23 90 48° +6750 4530
11-22-37 11-30-37 23.62 23 70 62° + 7800 6410
12-1-37 12-7-37 23 70 23,90 52° +7000 6280
12-8-37 12-14-37 23,55 23.70 p2° +7800 6500
12-15-37 12-21-37 3.7 23 78 39° +6300 6250
12-22-37 12-31-37 23.44 23.80 51° +7050 &600
1-1-28 1-7-38 23 78 23 83 48° +6850 6260
1-8-38 1-14-38 23 55 23 92 53° +7000 6500
1-15-38 1-21-38 23 40 23 78 43° + 6600 6600
1-22-38 1-31-36 23,60 23 82 48° + 6850 6410
2-1-38 2-7-38 23,60 23,72 53° + 77200 6410
2-8-38 2-14-38 23,58 23 59 55° +7550 6480
2-15-38 2-21-38 23.75 23 82 £i2° + 6500 6250
2-22-38 2-28-38 23,90 24 30 60° + 7000 £080
3-1-38 3-7-38 23.46 23 54 51° +7500 £600
3-8-38 3-14-38 23 60 23 67 62° +7850 6410
3-15-38 3-21-38 23.46 23 50 63° + 8200 6600
3-22-38 3-31-38 ol B 7] 23 66 58° +7700 6870
4=1=38 4-T-38 23 44 23 47 53° + 7600 6600
4-8-38 4-14-38 23 se 23 59 70° +B550 6480
4-15-38 4-21-38 23.77 23 92 72° +8250 6260
4-22-38 4-30-38 23 67 23 68 76° +8750 6360
5-1-38 5-7-38 23 52 23.55 e7° + 8400 6510
5-8-38 5-14-38 23 78 23 b 68° +8100 6240
5-15-38 5-21-38 23,58 23 62 70° +8500 6480
5_22.38 5-31-38 23.86 23 B8 B4® +9050 6160
6-1-33 6-7-38 23.94 23 97 80° +8600 6050
6-8-38 6-14-38 23 70 23 72 76° +8700 6280
6-15-38 6-21-38 23 78 23.82 84" + 9000 6240




TABLE 41 (Cont'd 3)

Airperts Cheyenne, Wyoming
Mn

. Airport
Period of Barometer S%I;mlmt:nzgua Max
Observation Inoches HL Press. & Te Densi —
Beginning End {For Determining {For ¥ax Dens lIqADlt. e bode |10 e
n o o Potaralals For_tax 5 Altitude |Altitude
Period Porled Altitude) Ba.rzo-ﬁtsr De;rggs F Feet Fect
(In. Hg )
6-22-38 | 6-30-38 23 ad °
7-1-38 7-7-38 23.89 ggé gé'" oo | verso
i 1708 2.5 2 % : +9100 | +6110
7-15-38 | 7-21-38 2, 05 24,18 = PEE D
7-22-38 | 7-31-38 23 98 24.05 . Mool DR
8-1-38 | 8-7-38 23 96 24,04 oa® Tose | vese
2838 | 8-14-38 23 8 23 82 3':?!" Tomn | veae
8-15-38 B8-21-38 23.83 23 84 85" N
g8-22-38 B-31-38 24,04 24.14 3* M DR
9-1-38 | 9-7-38 23 92 23 95 Pt ars | e
9-8-38 9-14-38 24 00 24,.00 . oo | 4600
g—ég-gg 9-21-38 24,00 24 21 Q’?o H 3?% oo
—22-] —30-38
9-30-3 24,10 2 14 e0° +8450 | +5900
ATRPORT1 Salt lake Clty, Utah
6-15-37 | 6-21-37 2 a
6-22-37 6-30-37 2?23 gg ?‘f 1£° 7o et
7-1-37 7737 25.56 25,67 101° T | T
7837 | 7-14-37 25.80 25 66 gs" Tos | 1o
7-15-37 7-21-37 25,63 a5 74 10.°* o | T2
7-22-37 7-31-37 25.54 25 76 92' (A s
8-1-37 8-7-37 25.64 25.76 Go* Toa | Tia
4837 | 8-14-37 25,56 25.68 104° oo | e
8-15-37 | 8-21-37 25 &9 25.74 96 T | v
g-22-37 | 8-31-37 25,48 25 50 92* T | Tese
9-1-37 9-7-37 25.60 25,60 g7° JESE g
9-8-37 9-14-37 25 72 25 75 92° oo | e
9-15-37 | 9-21-37 25,40 25 55 G4 Tes0 | o
9-22-37 | 9-30-37 25 53 25.54 83? Pl Do
10-1-37  |10-7-37 25.45 25 52 A2° tro | Teosl
10-8-37 10-14-37 25 58 25 73 . el Bperid
10-15-37 |{10-21-37 25,50 25.50 Zi' bl e
10-22-27 [10-31-37 25 b4 25.65 . o | e
11-1-37  |11-7-37 25 46 25 55 25" Al Dy
11-8-37  |11-14-37 25 39 25.42 62" ooy | T
11-15-37 |11-21-37 25 47 25 47 0° Thoo | et
11-22-37 |11-30-37 25 54 25 54 22" pro il Bl
12-1-37  |12-7-70 25 56 25 82 46° prball e
12-8-37  |12-14-37 25 42 25 44 3° pc By
12-15-37  |12-21-37 25 g2 25.88 e T | taaes
12-22-37  |12-31-37 25 20 25'20 43’ A By
1-1-38 1-7-38 25 65 25 86 i’eﬁ 30| e
1-8-38 1-14-38 25 45 25 170 9° prolll By
1-15-38 1-21-38 25 48 25 51 ::5.5° 2o Mpprod
1-22-38 | 1-31-38 25 32 25 46 ° o0 | yado
2-1-38 2-7-34 25 40 25 50 f,g° | e
2-8-38 2-14-38 25 20 25 36 g° poredll Brros
2-15-38 | 2-21-38 25 67 25 68 57‘ r oo gl Iy
2-22-38 | 2-28-38 25 58 25 40 §7° ol By
3-1-38 | 3-7-38 25 18 25 30 7° w50 | +4700
3-8-38 3-14-38 25 29 25.64 gz" o | e
3-15-38 | 3-21-38 25 08 25 08 64° o | Ti
3-22-38 | 3-31-38 25 20 25 20 53" el e
4-1-38 4-7-38 25 25 25 52 56 ayetll Bpree
4{—8-38 4-14-38 25 35 25 52 562 phvill Iy
4-15-38 | 4-21-38 25 60 25 70 5o el Ipis]
4-22-38 | 4-30-38 25 36 25 42 77° el D
gj-gg 5-7-38 25 37 25 62 552 +i95% Iﬁﬁg
_ _ _ L-1
5-14-38 25 38 25 71 78 6200 | +4500
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TABIE 41 (Cont'd 4)
AIRPORT  3alt Lake City, Utah
¥n Alrport SImuTtanecus
Pericd of Barometer Values of ax. Maex
Observation Inches Hg Press & Temp Density Pressure
Beginning End For Determining {For Max Dens Alt Altitude Altitude
of of Max Pressure KHrrport Temp Feet Feet
Feriod Porioed Altitide) Barometer | Degrees F
(In Hg )
5-15-38 5-21-38 25 42 25 70 61: 5150 + 4260
5-22-38 5-31-38 25 46 25 54 86, 6950 +A440
6-1-38 &6~7-38 25 38 25 70 93, 7100 +4,500
6-3-38 6-14-38 25 58 a5 &7 B4 6550 +4290
6-15-38 6-21-38 25 41 25 46 87 7000 +4470
6-22-38 £-30-38 25 52 25 56 92° 7300 +4360
7-1-38 7-7-38 25 50 25 80 84° 6450 +43B0
7-8-36 7-14-38 25 65 25 66 g6° 6750 +4210
7-15-38 7-21-38 25 74 25 77 94° F000 + 4080
7-22-38 7-31-38 25 58 25 60 96° 7450 +4300
A-1-38 B-7-38 25 61 25 62 93° 7250 +4260
£-3-38 8-14-38 25 50 25 50 90, 7250 +4380
8-15-38 8-21-38 25 52 25 55 47 6950 +4360
B-22.38 8-31-38 25 65 25 B2 92° 4300 +4210
9-1-38 9-7-38 25 51 25 56 907 7050 +4370
9-8-38 9-14-38 25 70 25 70 787 6300 +£4150
9-15-38 9-21-38 25 72 25 74 &7, 6600 +4110
g-22-18 9-30-38 25 72 25 72 f213) 6650 +4110

#Temperature Dmta Obtained

at City of Loa Angeles




