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THE DEVELOPMENT OF AIRPORT TAXI GUIDANCE SIGNS 

SUMMARY 

This report describes the development 
of an elevated sign or route marker for use 
along runways and tarways in aIrport taxI- 
way guidance systems The sign, unlighted 
durmg the daytIme and llghted at night, 1s 
conspxcuous and legible from a dw.tance of 
500 feet under varlatlons ,n vlslblllty 
rangmg from one-fourth mxle up to an on- 
lmmted condltlon. Llghted translucent 
flush block letters make the sign vlstble and 
legible at mght. these letters are outlmed III 
black on a chrome yellow background to 
g,ve the desired daytxne effect. 

INTRODUCTION 

Because of the great increase in air- 
plane operations and traffic I” recent years. 
the problem of ground traffic control at 
most alrports has taken on added complexity 
and nnportance It has been found desuable. 
therefore, to supplement the dlrectlons of 
the aIrport traffx controllers by provldmg 
addItIona gutdance to taxm-,g arplanes at 
controlled auports Such gudance 1s also 
needed at alrports that are wlthout control 
towers 

Smce alrport ground trafftc 1s com- 
parable to hlghway or street trafflr in many 
ways, It was logIca that an attempt wou1d be 
made to solve the aIrport problem byusmg a 
slgnsystem, as 1s done in the case of streets 
and hlghways Engmeers of the Port of 
New York Authority and managers of the 
Baltwnore and Boston aIrports have I”- 
stalled partial sign systems to furnxsh taxl- 
way gudance. Managers of other alrports 
have also been mtewsted ,n mstallmg such 
systems. Consequently, It was consIdered 
des,rable to develop an aIrport taxway 
gudance s,gn system that will serve as a 
standard, so that the type of guidance offered 
at all axports wll be un,f”rm and more 
easily recognized and Interpreted by pIlots 

Duru-,g the course of the development a 
Study was made of the signs lostalled at 
Baltunore,New Y”rk,and Boston Engmeers 
of the OfAce of A,rp”rts and others 1x1 the 
ClvllAeronautlrs AdLnrnstratlon co-operated 
III proposmg des,gns based on their own 
observatxons and experrence Thus, the 
fmal solution ev “1 wed gradually from a 
serxes of tests conducted at the Technxcal 
Development and Evaluation Cenlel and 
irom an accumulat,on of Ideas and expenenre 
from other sources 

It was necessary to undertake the 
development of the s&s as well as the 
system of gudance, and both phases of this 
work were correlated and car rled on 
concurrently. A number of pamted s,gns 
were constructed with letters and symbols 
hawng what were believed to be the proper 
dlmenslons. and these signs were installed 
m accordance with a proposed configuratIon 
or system. After daytlme observation 
modlflcatlons were made III lettermg. dlmen- 
slons, and conflguratlon to permit further 
study 

Meanwhile, work contmued on the 
deslen of lxhted swns ,n order that, when 
the ievelopment approached completion, a 
number of these could be procured for mstal- 
latlon ln a system to be observed at mght. 
A partial system embodymg desirable 
prlnclples establlshed as a result of the 
daytIme studies was mstalled at Weir Cook 
Alrport. Indlanapolls. Indiana. The present 
report covers only the design of the signs 
The evolution and design of the taxway 
gudance systerp as a whole 1s dlscussed m 
another report. 

DESIGN CRITERIA 

An xoportant conslderatlon m settmg 
up cr,terla for the design of a s,gn 1s the 
manner ,n whxh ,t w,ll be used The purpose 
of a taxway sign 1s to mdlcate dlrectlon to a 
destmatlon or to ldentlfy an mtersectlon. In 
order to accomplish this effectively the srgn 
must be c”nsp,cu”us and easily readable up 
to a certam crltlcal distance based on tax1 
speeds and stoppmg distances of arcraft 

The Illummatmg Engmeerlng Socdy 
(IES) Taxlway Llghtmg Subcomrmttee had 
dectded that at night thx distance should be 
500 feet when rhe wslblllty IS I/l6 rmle 
(330 feet) and that durmg the day It should be 
equal only to the actual atmospherac “ISI- 
blhty. See Appendx I, Items 4 and 5. While 
CAA engmeers endorsed the deslrablhty of 
readmg the signs at 500 feet they beheved 
that leglblllty at 500 feet w,th a l/16-rmle 
vlslbllxty condztlon was to” strmgent a re- 
quiremcnt, espec,ally 1x1 v,ew of the fact 

1 Belnard A Hemelt and Marcus S 
Gllbert, “The Development o: an AIrport 
Tax1 Guidance System.” T eci-nlcal 
Development Report No 171, June :952 



that the current landmg minimum vlslblllty 
St WQl‘SSe"tStl"e SlrQOrtS 15 1/2 mile Wtth 
take-off permitted at l/4-mile wslblllty. 

The CAA Taxway S,g” Evaluat,on 
committee, composed of r*:presentatives 
from the TDEC and from the Offlces of 
Avlatlon Safety, Federal Airways, and Air- 
ports, stated the leglb,llty requ,rement as 
follows “The s,g” should be of sufflclent 
size to accommodate letters and figures that 
can be see” and read at a distance of 
500 feet under present-day m~n~mur,, 
weather requirements ” 

The CAA Committee also agreed that 
the s,g” should have qualltles which would 
make It conspicuous when viewed agamst the 
normal a~ r p o r t background at distances 
greater than the leglblllty distance This 
requirement 1s consIdered at least as 
amportant as leglblllty, because the pllot 
should be warned of the approach to a 
possible point of turnoff eve” before It 1s 
necessary to ldentlfy It 

An o t h e r Important and confllctmg 
requirement 1s that each slg” must be small 
enough and deslgned and located I” such a 
manner that It would not become a hazard to 
taxlmg alrcraft This requlrement has be- 
come more xoportant with the advent of 
low-wmged ,et axrcraft with wmg-tip fuel 
tanks. Previously the chief hazard was due 
to the low-sweeping propellers of larger 
multlengmed axcraft 

DESIGN CHARACTERISTICS 

Ge”Wd. 
The development of a sxgn for both day 

and mght aIrport use requires conslderat,on 
of the followmg characterlstxs 

1. Method of llghtmg. 
2. Letter design for leglblllty 

a. For day use 
b. For “lght use. 

3. Su7.e of slg” 
4. Color. contrast, and brightness 

a. For day use 
b. For “lght use. 

5. Lamp requirements. 
a. Series “se. 
b. Multiple use 

b Mountmg 

1. Method of Llghtmg 
FloodlIghted panted signs were 

tested The manufactunng dlfficultws “e- 
cessltated by separate light sources and the 
d,ff.culty of provld,“g adequate lllumlnat,o” 
wlthout allowmg sp111 light and glare made 
thxs type lmpractxal Silhouetted signs, 
where opaqve letters are wewed agamst a 
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llghted background. were abandoned when It 
was found that the backeround ~llumlnat~on 
tended toobscure the lettirs when see” from 
a distance 

The use of retroreflectlve letters was 
also consIdered Experiments showed that 
this type of marker. however. 1s effective 
only when the dIrectlo” of the l”clde”t 1,ght 
and the dIrectIon of the light reflected 
to the observer are not dwergent by 
more than one or two degrees This would 
be the case when such s,g”s are wewed by 
the pllot of a” aIrcraft equipped with a nose 
light. or taxlmg light If the alrcraft IS 
equipped solely with standard landing lights, 
the retroreflectlve markers can be really 
effective when the weather 1s clear. s,“ce 
the angle between the lme of Incidence and 
the line of reflectlo” becomes small enough 
for effectiveness only at the greater 
distances 

A s,g” conslstmg of lurrnnous letters 
agamst an unhghted background seemed to 
offer the most effective solutlo”. Although 
the letters for a s,g” of this type could be 
composed of lurmnous tubmg or could be 
outllned with lamps, such constructlo” offers 
material dzfflcultles I” the control of br,ght- 
“ess and I” protectlo” of the lamps An 
alternate co” s t r u c t 1 on, therefore. was 
adopted This consists of a” mternally 
lvghted box with a mask hav,“g letter outlInes 
cut out to show the desired letter shape 
through the mask Diffuse color filters are 
used behmd the mask to give dlstmctlveness 
to the slg” and uniform brightness to the 
letters. The mask and filters are combmed 
Into removable panels so that various letter 
designs and combmat,o”s can be mounted on 
the box. By us,“g approprmte color combma- 
tlons and with letters and background of the 
proper s,ze and proportIons, such a s,gn can 
be made suItable for both day and “vght use 

Lnmted expermxnts I” whxchretrore- 
flectlve backgrounds were applied to the 
llghted signs showed that such material 
made no substantial contrlbutlon to their 
effectiveness. 

2. Letter Design for Leglb&ty 
I” the design and selectlo” of letters 

for best leglblllty, conslderatlo” must be 
g,ve” to the characterlstlc form of the letter, 
the height, the stroke. and the width While 
a “umber of dlstmct,ve types of lettermg are 
,“general use, exper,e”ce has shown that the 
Inherent s.mplxlty and leglblllty of block 
letters make them most adaptable for s,g” 
constructlo”. Consequently, this general type 
was selected for expermxnt and adaptatLo” 
Figs 1 and 2 Illustrate two systems of block 
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BIClDiEIFiG/H~ I] 
JKLMNOPQR 
STUVWXYZ 

Fig 1 ConventIonal Lettermg 

letters The letter forms developed by 
Mackwotth and shown I* Fig 2 give petter 
leglblllty than the conventional forms 

The Mackworth lettering was used as 
a basis for experxnental work, but the letter 
shapes and proportions were modlfled when 
observations mdlcated posslbxlltles of error 
and confusion 11, readmg For example. 
confuslon was found to occur I” the case of 
the letter B and numeral 8, the letter S and 
numeral 5, the numerals 2 and 5, and the 
numerals 9 and 4 In the case of llghted 
letters, when a number of strokes mtersect 
at a given pomt there IS a tendency toward 
halatlon This was quite noticeable I” the 
case of a hghted arrow 1” which the head 
lost Its dlstinctlveness until separated from 
the arrow shaft, wh& the unlighted arrow 
was more effective with the head and shaft 
Jomed In the case of both llghted and 
unlighted letters, optmnIm leglblllty ~111 
result when lntersectmg strokes meet at 
angles of approx,mately 90 degrees 

The fmal deslgnof letters andnumerals 
developed for a recommended standard 1s 
illustrated I” Fug 3. It ~111 be noted that 
with the exceptlo” of the numeral 4, which 
was found to resemble a 9 unless left open 
at the top, these letters do not deviate 
greatly from the general shape of Mack- 
worth’s lettermg 

The study to determme optimum letter 

‘A Chapams, W R.Gardner, and C T 
Morgan, “ApplledExpermxntalPsychology - 
Human Factors I” Engmeermg Design,” John 
W&y and Sons. Inc., 1949, pp 174-180 

Fig. 2 Mackworth Lettermg 

height was begun with the premise that 
letters approximately 12 Inches high would 
be satisfactory This was based on previous 
observations of experImental signs employ- 
mg 15-mch letters which appeared to be 
higher than necessary Some co”flrmatlon 
of the choice of LZ-inch letters was found 1” 
recommended practxce for bllhouette slg” 
design I” whxch letter helghta vary from 
l/440 $x l/b60 of the desired readmg dis- 
tances For the lnltlal experiments. 
ratlos of eight to one for vertical height to 
stroke width and five to three for vertical 
height to average letter width were used 
Numerous fzld observations mdlcated that 
LZ-Inch letters of the proper design were 
legible under normal vlslblhty conditions 
from distances up to 700 feet. Tests also 
revealed that the requirements rmght be 
met through use of slightly smaller letters 
but that i lo-mch height would be the 
rnl”lrn”rn 

Experimental signs were fabricated 
with black letters of the selected design and 
dlmenslons panted on a yellow background. 
DaytIme ohservatlons Indicated that LZ-mch 
letters with 1 l/2- to 2-mch stroke were 
satisfactory. Wlthllghtedtranslucent letters, 
however, It was foundnecessary to reduce the 
stroke width to 3/4 of an Inch. Thxs was 
parallel to the fmdmgs of Be;fger who con- 
ducted smnlar experxnents After many 

3 IES Llghtmg Handbook. second ed,tlon, 
pp. 11-8 to 11-13 

4Chapanls, Gardner. and Morgan, 
lot at. -- 
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Fq. 3 Letters and Symbols Recommended for CAA Tax~way Gudance Sqns 

observatmns It was dectded to use hghted 
letters with a 3/4-Inch stroke and to pant 
a border 5/0 Inch wide around each letter 
stroke for daytxne use. Daytune and mght- 
txne views of the experlmental signs are 
shown I* Figs 4A and 4B At alrports where 
operatmns are hrmted to dayllght cond~t,ons, 
panted signs with SolId letters could be 
used 

3. Size of Sign. 
The drnensmns of the complete sqn 

depend upon the number, size. and arrange- 
ment of letters on the srgn. It IS the mtentmn 
of the CAA Committee to lmnt each sqn to 
not more than one 4-letter word or abbrevl- 
atmn plus an arrow or other symbol, although 
It rmght be necessary to make exceptmns 
By usmg panels 14 Inches square, wh,ch w,ll 
easily accon-modate 1 Z-Inch letters, the 

length of a fwe-panel sqn can be lmnted to 
a max.mum of approximately 70 Inches The 
mu~rnurn heqht of the s,gn ~111 be governed 
by the heqht of a smgle row of letters, the 
necessary background border around the 
letters, and the heqht of the breakable cou- 
plmg By use of square 14-Inch panels, the 
over-all height of the sqn can be held to 
approxmxitely 20 Inches. It 1s posslble to 
elrmnate the breakable couplmgs and mount 
a sqn directly on a concrete slab ,n such a 
manner that It can be torn loose easily If 
struck. The lower heqht would be achxved, 
however.at the expense of leglblllty. because 
uncut grass or drlftmg snow would mterfere 
with the view of the sqn, If so mounted. 

For locations where there ,s the 
posslblllty of heavy snowfall, prov,smn can 
be made to raise the sqns above the snow 
by means of a telescopmg type of mounting. 
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Fig. 4A Installetmn of Experrmental Taaway Gudance Signs (Daytlme View) Three Sqr~s cn 
Foreground are Four-. Three-. and Fwe-Panel, Respectwely, Startmg With Sagn 
Nearest Camera. Over-all Height - 20 inches Spacrng Between First Sign and 
Camera -Approximately 75 Feet, Between Ad]acent Signs - Approxxnately 50 Feet, 
Between Pavement and Nearest Edge of Sign - 20 Feet. 

Fig. 4B Installation of Experxnental Taxlway Guidance Signs (NIghttIme View) 
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Any consideratmn of sign height should take 
mto account the fact that there IS little 
pant m limltmg the maximum height to 
20 Inches at airports where the elevated 
runway or taxlway lights are 30 Inches high. 

It 1s usual practice on signs or prmted 
matter to vary the spacmg between letters 
m keepmg with the width, shape, and general 
appearance of the adJoIning letters The 
purpose of this 1s to Insure that the subJect 
matter ~111 present awell-balanced. coherent 
appearance The use of letters on mter- 
changeable panels of equal width ~111 not 
allow such varlatmn m letter spacmg On 
taxiway ldentlflcatmn signs the letters nor- 
mally are used as mdlvlduz.1 symbols, and 
spacmg ~111 not be a problem. Even though 
the letters may be used to form words or 
abbreviations for destratmn signs. it is un- 
likely that there ~111 be such a combmatmn 
of letters on a sign that spacmg trouble ~111 
be sermus. Although undesirable from the 
standpomt of slmpliclty and economy, signs 
with varlahle width panels can be buxlt If 
required 

In the design of smgle-face signs It 
was found that an over-all box depth, front to 
back, of approximately six Inches was enough 
to accommodate lamps and sockets and to 
produce urnform brightness for the lighted 
letters When double-face signs are re- 
qulred. it will be necessary for them to be 
eight mches deep m order that the distance 
between lamp center and each panel will be 
four Inches, the m,nlmum for umform 
brightness. 

4. Color. Contrast, and Brightness 
Choice of color combmatmns for day- 

txne use 1s a very Important factor, since 
the greater the contrast between letter and 
background and between the background and 
the surround the easxer It 1s to see and to 
Identify the letters. The question was 
raised whether dark letters on a light back- 
ground. as used m the early experiments. are 
actually more effective than light letters on 
a dark background In further daytlme ex- 
perrnents conducted with the 12-inch panted 
letters. it was found that the yellow letter on 
a black background always appeared smaller 
than the same letter m black on a yellow 
background and that the black on yellow was 
easier to read The black-on-yellow sign 
stood out better agamst the usual dark 
ground surface prevallmg around an airport 
than did the sign with the black background 

When comparmg black on white with 
black on yellow. observers preferred the 
latter, whtch they clalmed leas less glaring 
and easier on the eyes when observed m 
bright sunlight With hght snow on the 

ground the yellow signs were much more 
notIceable. By usmg a yellow background, 
the brightness of which is greater than the 
normal surround, It 1s not necessary to 
provide extra background area on the sign 
above and below the letter If a light letter 
on a black background were chosen, It 
would be necessary to provide materially 
greater area for the background In general, 
there is a tendency for dark signs to lose 
themselves m a neutral surround rather than 
to stand out from It as is the case with 
yellow or white signs 

Results conflrmmg those described 
have been recorded m earher expermnents 
by others In tests to determine relative 
readmg speeds, it was found that black on 
white was read 16 per cent more rapidly 
than white on black. Green on white, blue 
on white. and black on yellow were almost as 
quickly read as black on white Combmatmns 
with poor brightness contrast such as orange 
on black, orange on white, red on green, 

~~~d~“,‘,a’,“,,“a,,4”~$pe~s? =$tL ‘=e”ffyzL,” ‘tz ‘lesy 
blllty distance It has been found that blue on 
gray, black on gray, black on yellow. and 
red on gfiay could be read at the greatest 
distances and that black on white was 
15 pe? cent more legible than white on 
black. The described tests and studies 
confirmed the decision that the signs should 
have chrome yellow enameled backgrounds 
with panted black borders surrounding the 
cutout letter opemngs 

In order to select proper lamps and 
translucent filter material for the llghted 
letters it was necessary to establish opti- 
mum brightness and color requirements 
In early night tests an experxnental sign 
with mternally hghted white letters was set 
up 1x1 the field with prowsion for varymg the 
voltage across the lamps Tests were then 
made at different voltage steps wth varymg 
brightness Observers, statmned out of 

5 
Miles A Tmker and Donald G. 

Paterson. “Studies of TypographIcal Factors 
lnfluencmg Speed of Reading,” Journal of 
Applied Psychology. 1931, Vol 15. 
pp. 241-247 and pp. 471-479 

6 
F. C. Sumner. “Influence of Color on 

Legiblllty of Copy,” Journal of Applle d 
Psychology, 1932, Vol 16, pp 201-204 

7 
Grace Holmes, “The Relative LegI- 

blllty of Black Print and W hl te Prmt,” 
Journal of Applied Psychology, 1931. Vol 15. 
pp. 248-251 
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range. moved forward until they could Iden- 
tlfy correctly 75 per cent of the letters on 
each sign tested It was found that brightness 
values rangmg from 35 to 50 foot-lamberts 
gave excellent leglbllity at the 500-foot 
distance Later tests with a conslderable 
range of filter colors confirmed these 
fmdmgs 

Because of halatlon, higher bright- 
ness values (100 foot-lamberts or more) 
were found to reduce the leglblhty distance, 
especially for observers with eyes dark- 
adapted. Service experience, however, may 
mdlcate a need for greater brightness for 
very poor vlslblhty cond,t,ons and for loca- 
tlons where signs are to be used on runways 
equipped with bright runway lights. Where 
higher values are desired for certain con- 
dltlons. brightness control should be pro- 
vlded to Insure optxoum values at all times 

Nighttime observations mdlcated that 
orange or yellow filters m either light or 
dark shades were relatively conspicuous and 
would be satisfactory for lighted signs The 
darker shades were more effective than the 
lighter shades for daytlme use, because they 
blended better with the black outlmes of the 
letters A l/S-inch red-orange plastic was 
selected for lmtlal tests It was the con- 
sensus of the CAA Taxiway Sign Evaluation 
Committee that the color of this filter was 
such that It might be mistaken for red. the 
color of obstruction lights. The Comrmttee. 
therefore, recommended that yellow filters 
be used. In subsequent tests, a l/S-mch 
orange-yellow plastx (smnlar to Rohm and 
Haas Plexiglas No 2068) WCS found s&s- 
factory for both day and night use The 
spe clmen tested had a transmlsslon of 
22 per cent 

5 Lamp Requirements 
For stmpllclty of design It 1s desirable 

to use a unit construction. with the same lamp 
equipment In the same relatlonshlp to each 
panel unit This ~111 tend to produce the 
same brtghtness regardless of the number of 
units m a sign With the filter selected either 
one 325-lumen series per panel or one 
25-watt, 120-volt (260-lumen) multiple m- 
candescent lamp per panel will produce 
proper urnform brightness if mounted four 
inches behmd the face of the sign Although 
somewhat less flexible from a design stand- 
point, It IS possible to obtam satisfactory 
results from a proper combmatlonof gaseous 
tubular lamps and colored filters 

6. Moontmg. 
It is necessary to use some type of 

breakable couplmg for mountmg. as IS done 
In the case of elevated runway and taxIway 

lights. For the sake of standardlzatlon and 
slmplxlty, It was considered desirable to use 
the same couplmg that 1s described m CAA 
Speclfxatlon L-818 This specification calls 
for the coupling to be so fabricated that It 
~111 break cleanly when the column 1s struck 
horlzontally by an impact of five foot-pounds 
apphed on the column four Inches above the 
weakened section. 

In the case of a two-panel sign with a 
single pedestal mounting. there was no 
question that the couplmg would serve as 
required In the case of the larger signs. 
where two pedestals per sign are used, there 
was some questlon as to the properfunctlon- 
mg of two frangible couplmgs operatmg In 
tandem, especially when struck by an em- 
pact ln a dIrectIon parallel to a lme Jommg 
them Consequently, laboratory tests were 
made to determme the adequacy of the stand- 
ard breakable couplmg for this applxatlon 
It was found that the amount of energy re- 
quired to break the couplings and to displace 
and deform a five-panel sign would be 
approximately the same as that required m 
the case of a 62-pound Bartow runway light 
supported on a smgle coupling Static tests 
made to determme the broadslde wmd re- 
slstance mdxcated that the sign was sufB- 
ciently stable even for extreme wind condl- 
t1ons Details of the dynamic and static test 
methods and results are given inAppendix II 

CONCLUSIONS 

For alrport taxnvayguidance, excellent 
results can be obtained through use of a 
box-type sign on which the letters are out- 
lined in black on a yellow background durmg 
the day and appear lummous on an opaque 
background at night The sign should be de- 
signed m conformance with the followmg 
speclf1cations 

1. Method of llghtmg - mternal. 
2. Letter design 

a Form-block See Fig 3. 
b Dxoenslons. 

(1) 

(2) 

Unhghted 
(a) Height - 12 Inches. 
(b) Stroke width - 2 Inches 
(c) Letterwldth-approximate- 

ly 60 per cent of height. 

kyhEtght - 10 3/4 inches. 
(b) Stroke width--/4 Inch 
(c) Letter width-aplroxlmate- 

ly 60 per cent of height. 
3 Sloe of sign 

a Height of letter panel - 14 Inches. 
b. Over-all height (mcludlng mount- 

ing) - 20 inches 
c. Length - 14 Inches per panel. with 



2 to 5 panels per sign. 
d. Depth 

(1) Smgle-face - b Inches. 
(2) Double-face - 8 Inches. 

4. Color and brightness. 
a. Unlighted. for day use 

(1) Letters -hollow black super- 
unposed over translucent 
orange-yellow f 11 t e r s glvlng 
desired appearance of solld 
black letters at a distance. 
(SolId blackletters may beused 
at aIrports where llghted s.gns 
~111 not be requred.) 

(2) Background -chrome yellow. 
b. LIghted, for night use. 

(1) Letters--luminous orange- 
yellow. 

(2) Background - opaque 
(3) Brightness - 50 foot-lamberts 
(4) Filter - orange-yellow plastic 

sumlar to Rohm and Haas 
Plexiglas No 2068. 

(5) Filter transmlsslon - 22 per 
cent 

5. Lamp requrements. 
a. Series One 325-lumen. 6.6 ampere, 

arport lamp per panel. Medium 
pre-focus base. 

b. Multiple. one 25-watt. 120-volt, 
standard lamp per panel. Medium 
screw base. 

6. Mountlog. 
a. Pedestal - angle for 2-panel sign. 

double for larger signs 
b. Breakable couplmg -described III 

CAA SpeclAcatlon L-81 8. 

Signs constructed 1x1 accordance with 
the above’ speclficatmns a r e 1 e g, b 1 e at 
500 feet under one-fourth rmle, day or mght 
vlslblhty condltlons, 

The llghted signs are legible at 
distances well over 500 feet under 
unrestricted night v, s lbll~ty condltlons 
There 1s no notlceable glare at the 
50 foot-lambert brightness even 
when the s,gns are vlewed at close 
range 

APPENDIX I 

EXCERPTS FROM MlNUTES OF IES TAXIWAY LlGHTlNG SUBCOMMITTEE 
NEW YORK INTERNATIONAL AIRPORT 

Apr11 10. 1950 

Tavnvay Route Markers 
The followng characterlstlcs for tax,- 

way route marker l,ghts were concluded to 
be desirable 

1 The marker should be dlstmctlve to 
attract attentmn to It prior to the txne that 
It 1s legible 

2 It should be deslgned to provide V~SI- 
bxllty for both day and mght condltlons 

3 A functIona standard should be 
adoptedwhlchcan be utllleed for all aIrports. 

4 The mtenslty should be such that the 
markers ~111 be v,slble at night up to 500 feet 
when the atmosphcrx vlslb,llty 1s l/lb m,le 
(330 feet)and I,, daytme for a distance equal 
only to the actual atmospheric v,slblllty 
(This assumes the same vlslblllty crlterla 
commonly used 11, daytune ) 

5 The leglblhty of the markers should 
br such that thpy are easily lcgtble from a 

distance of 500 feet This conclus,on .~a5 
based on reports submltted by the Tort of 
NPW York Authority showmg th:r average 
tax1 speeds were 20 mph. -nese reports 
also show that the stoppl.,g distance of a 
plane going 40 mph 1s less than 400 feet 

6 The color should provide a contrast 
with taxlway and runway markers. It was 
considered that av,at,on yellow with an 
orange cast appeared to have the most prom 
15e From developments to date, It appears 
that llghted letters with a dark matted fimsh 
as a background will provide the best 
so1ut1on 

7. The letters should be no larger than 
necessary to keep marker size to a mxnmuro. 
Field observations showed that a 15-Inch 
letter was completely adequate. Further 
testing must be conducted to deterrmne If a 
IZ-Inch letter ~111 be sat,sfactory 
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APPENDIX II 

TESTS OF BREAKABLE COUPLINGS FOR TAXIWAY SIGN USE 

An Impact tester was designed and 
bult to determme the relative amounts of 
energy required to topple a double pedestal 
agn from Its mountmg when apphed from 
chfferent cllrectlons. The Impact tester used 
was a pendulum modeled after the Charpy and 
Ieod Testmg Machmes. but an arcraft wheel 
and tire were employed Instead of a metal 
hammer head This arrangement can ~xnu- 
late the type of impact to whxh a sign rmght 
be subJected when struck by an aIrplane. It 
also embodies features provided m testmg 
methods outlmed by the Amerxan Society for 
Testmg Matermls 

Inpreparatlonfor xnpact tests the signs 
were mounted on a horizontal platform so 
that the unpact would occur approximately 
12 l/2 Inches above the shearmg pant of the 
couplmgs. A fusible hnk was used for the 
pendulum release mechamsm. Tins provided 
posltlve release when heated to the meltmg 
pant At the top of the pendulum a recordmg 
deuce was mounted This prowded a record 
of angular displacement of the pendulum, 
which record could be translated Into Impact 
energy. 

Tests were made to determme the 
energy requred to break the mountmg of a 
fwe-panel fxture with the Impact on the face, 
on the end, and on the corner at a 45’ angle. 
See Column (a), Table I. It was reahsed 
that soroe of the energy mdxated as bang 
glvenup m Impact was used m deforming the 
sheet metal sign. In order to determme the 
magmtude of tlus deformmg energy a rlgld 
fxture resemblmg the sign and havmg ap- 
proximately the same weight and dunens~ons 
was fabricated and tested. The results of 
these tests are shown m Column(b), Table I 

It was also recogmzed that part of the 
mdvzated energy given up to the rlgld sign 
was m realty lost due to the reslhence of 
the pendulum Itself The amount of tlus 
energy was determmed by perrmttmg the 
pendulum to rebound from a solid wall and 
recordmg the residual energy after n-npact. 
See Column (c). Table I. Tins method of 
determmatlon was accepted as hawng 
suffx~ent accuracy due to the fact that the 
follow-through angle, or angle of Txe after 
Impact, of the fabricated specunens was 
very small. On tixs basis It could be 
assumed that for practical purposes the 

specunens reacted the same as a solid wall 
durmg the txne the pendulum was m contact 
wth them. 

Column(d) shows the amount of energy 
requred to break the couplmgs and to chsplace 
and deform the specnnen. This value IS ob- 
tamed by subtractmg from the total energy 
(a) the energy lost due to the reallence of 
the pendulum(c). The energy lost due to sign 
deformation can be obtamed by subtractmg 
the values m column (b) from (a). 

The Impact energy requred to break 
the mountmg of a Bartow runway light on a 
smgle mountmg was also determmed for 
comparison purposes. It was found that m 
order to deform the tire, break the couphng, 
and displace the Bartow runway I~ght the 
energy requued was approxunately 197.7 
foot-pounds wth the pendulum travelmg at 
13.02 feet per second The comparatively 
large amount of energy needed In tins case 
of a smgle couplmg may be attributed to the 
larger mertla of the Bartow hght. wvhrch 
weighed 62 pounds as compared to approxl- 
mately 45 pounds each for the metal and 
wood speamens. 

In order to deterrome the broadsIde 
wmd resistance of the sign. a steadily In- 
creasmg horleontal pressure was applied as 
umformly as practxable over Its face. The 
total force requred to topple the sign was 
found to be approximately 700 pounds. In 
several tests one couphng broke, and the 
sign was subsequently pulled off the other 
couplmg. The 700-pound value IS equivalent 
to a wmd velocltyff about 200 mph blowing 
agamst the sign. or to a B-45 twm Jet 
engme blast directed at the slgn9from a 
&stance of approxmxdely 50 feet 

%I. L Dryden. “Wmd Pressure on 
Structures.” SectIon 9. Article 43, page 65. 
H and b o ok of Engmeermg Fundamentals, 
e&ted by Ovid W Eshbach. pubhshed by 
John Wiley k Sons, 1nc , 1936 

% andbook of ErectIon andMamtenance 
Instruct,on. AN Ol-bOGFA-2, published under 
authority of Secretary of Air Force and 
Cluef of Aeronautics, Ott 15. 1949, revised 
Jan 5. 1951, Sectlo* III, p 41. 



TABLE I 

RESULTS OF IMPACT TESTS ON TAXI GUIDANCE SIGNS 

Sheet Metal Speamen RIgId Wood Specimen SolId Wall-Energy Residual Energy Required 
S1”nlar to Sign Dlsslpated Due to to Break Coupling and 

Resrlrence of Tire Displace Specimen 

(4 Pendulum (b) Pendulum (c) Pendulum Cd)* * 
DIrectIon 
Of Impact 

Velocity Velocity Ve1oc1ty 
Energy* Upon Impact Energy* Upon Impact Energy Upon Impact Energy 

Foot- Feet per Foot- Feet per Foot- Feet per Foot- 
pounds second pounds second pounds second pounds 

Q 

BroadsIde 201.7 13.18 181 13 18 127.4 13 18 74.3 

Endwlse 200.3 13.18 196 13 18 72.9 

At 45’ Angle 186.8 13.18 

* Energy requared to break couplmgs, deform tire, deform and displace specune”, this does not Include wmdage and 
frlctlo”. 

* * The residual energy (d) re q ulred to break the couplmgs, deform and displace the speame” was obtamed by 
subtractmg from the total energy (a) the energy absorbed by the reslllence of the pendulum (c). 

d=a-c 


