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NOTICE

This document is disseminated under the sponsorship of
the Department of Transportation in the interest of
information exchange. The United States Government
assms no liability for the contents or use thereof.

The United '* ates Government does not endorse products
or manufacturers. Trade or manufacturer's nms appear
herein solely because they are considered essential to
the object of this report.
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PURPOSE.

The Purpose Of this Project Is to perform an evaluation to include sa inservice
test of a technique using surf ace retroreflactive markers for identif ying short-
radius exit taxiways ("low-speed" exits). The markers are Intended for use at
night and under reduced visibility at airports that cannot afford centerline
lights. They are also intended to be used at airports that require a backup for

4 their centerline lights. A preliminary imuestigetion of this concept wae completed
at the Federal Aviation Administration (FAA) Technicsl Center and reported In MANIC

) ',~ Technical Center Letter Report, lA-80-24-LR. "Taximay Turnoff Lights," February
) 1980.

This report describes the results of a sore extensive evaluation at the Technical
Center of the rttroflective workers used to Identify short-radius exit taxiveys.
Also the report provides a brief description of the plans for inservice testing.

Request Uimber 200-79-10. Itis being accomplished under Technical ProgrmDocu-
sent Umber 06493, Subprogram 081-502, Project 540, 01dentification of Exit
Taxiways (Rtroreflective Markers Only)." Y. project manager end author of thin
report Is Larry V. flackler, ACI-41O. and the progrm manager Is Thomas I. Paprocki,
ACr-4 10.

Taxiway lighting and working bes the function of providing guidance between the
runway and the apron (reference 1). A critical function of this system Is to
enable the pilot to expeditiously exit from the ruy to a taxiway.

Short-radius exit taxiways have always bae difficult to identify at night and
under low visibility ceeditIssa. Thi s osef lad by a review of reports con-
taned In the Aviation Safety Reporting System f rem Hey 1, 1978. through March 31,
1981.* Pilots have often exited. rumays onto elooned taxways, closed runways, or
even unpaved areas. leew ealisos have unmarred because of difficulty pilots bed
In finding exit taxiways. Vbm traffic Is heavy or when weather condition& ake
operatimu dif ficult * coal met.. In ideentfying the exits can result In major

V problems for controllers end pilot*, Mothode used to help the pilot find the exit
taxiway include double blue taxmay edge lihts. large taxiway Identification
signs, and green centerline texiwy Ughts, ("high-speed" exits). These methods
have been expensive or Ineffective, saties both. Wor asexcellent history of
the lighting and wal" of exit taziweys, see reference, 2. In 19"6 the Inter-
national Civil Aviation Orgsamities Uisual Aids Pool mecmsnded extending the
green taxiway centerline lights, oets tdo say. Wei recommndstion bas not been
adopted by the Waited tates for short redius exit taxiways because of concern over
the possible confusion of *lov'speed" sd 'high-speed" exits. The uoe of a

& e-resyllow color pettern was 11sune to differentiate between sbort-
and long-radius eit taxiveys In a technical Center report (reference 3).
An attempt Is being made te, prevM a atbed tha Is both effective and inapessive

(compered to other mtacbedsweiss lihts) by se af retwreetective sarkers similar
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to those used on highways. The retrerefleetive markers aeplaced on an arc
leading from the runway centerlIne to the taxiway centerline. The retroreflect ive
markers are a combination of green and yellow color to eliminate confusion with a
long-radius exit taxiway. The pilot should be able to Identify the retroreflectors
approximately 500 feet before rachin the exit taxiway. Near to or at the exit,
visual cae from the regular tiiway lighting will serve to provide tie necessary
smeeuVing guidance.

EVALUATION.

The retrorieflective markers vate installed on gunway 4/22 at the FA& Technical
Center (Atlantic City Airport). Smay 22 elite ideatified were D (Delta) and a
(bravo) (22/D and 22/3). Runay 4 had only 3 exit identified (4/3).i Wxt taxiwey
for runway 4 used 12.5 foot (4 moter) spacing of retroreflectors along thecuv
while the remaining exits used 25 foot (6 mater) spacing (f igure 1).

The first retroreflector for exit taiuy 4/3 (rasis 4 end taxiwy 1) was placed
at the point where the taxiway, centerline markin begins to curve from. the runway
centerline. Exit taxiways 22/3 and 22/I) did not have this first retroreflector
Installed.

Pilot comnts and opinions were used to refime the system recommned In reference
3 before installation at smather airport for luservice testing*

FAA TechnalJ Center test pilot commuet were obtained after making several
approechese or high-speed toai amavrs to the exits. Qbotiiman ware aleo
completed by Itinerant general aviation, commter, and air carrier pilots using the
airport.

Observatios ef Airport Alroda bea (MON9) "Mosm" Indicate thet, during
reduced visibility (apprezimately 118 mtle), it to asoeesty to exted the retrore-
flectors to the ceeterlme to emwsU& the piles toidntIfy the exit taxway. Also,
the effect ivenes of the ft---eicoer "iseing Ifts AMa better at 12.5 foot (4
matues) then 25 feet (a mater.). Tause I is, a memry of doe 27 pilot responses.
low ad the qusetemssmat did not srpod.,te the qoestimaeo unit tonis. Also

saqusshiematree amai eesse elee to son ten em ant. ftfer
t-All- KIT S31 CAONOT, amh qessUbmaito ts euted maly omme even though

then tr c gos applcable to sore tben am endS. 2he oppew"t is a. copy of
the quetiennire %%&ah AMIlmies quesdmas me related poseJet.
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TABLE 1.* PILOT RESPONESS

Number of
Exit Used No Hilp Sow Kelp Great Deip Spacing (ft) First Retroreflector Responses

All 43 292 672 24

22/2 O3 209 a 25 HisGing 10

w22/D 02 331 58o 25 Missing 12

4/B 01 09 1001 12.5 Present 11
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The unidirectional retroreflectors should be placed so that they have a cord
interval of 12.5 feet (4 msters). The first retroreflector should be located
on the arc where it is tangent to the runway centerline or where the taxiway
centerline begins to curve from the runway centerline.

An inservice test is planned at Bader Field (Atlantic City) from early spring 1982
through late fall 1982. Approximately six exits will be marked with retroreflec-
torn. Exit taxiways will Include one 45-degree, two 90-degree, two 110-degree, and
one 135-degree exit taxiway angles (figure 2).

'InN-MC'S

1. Douglas, C. A., Tauiway Guidance, Report No. DOTIAARD-81/87, September 1981.

2. Douglas, C.* A., Lighting and Marking. of Wxt Taxiways, FAA Report No.* FAA-3D-
78-94, August 25, 1978.

3. Hackler, L. W., Taxiway Turnoff Lights, FAA Report M&-80-24-LR, February 1980.
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APPENDIX

Attention: All Pilots

EVALUATION OF RETROREFLECTIVE RUNWAY PAVEMNT MARKERS

Runway 4/22, Atlantic City Airport (ACY)

Retroreflective runway pavement markers, similar to those used on highways, have
been installed on runway 4/22 for evaluation by the FAA Technical Center's Airport
Technology Division.

The evaluation is to determine whether the retroreflective markers provide
improved visual guidance to aid the pilot and improve the safety of nightime
operations, particularly during reduced visibilities with rain, fog and wet

runway conditions.

Taxiway Exit Markers. Installed on runway 4 as an aid in identifying the exit

at taxiway Bravo and on runway 22 as an aid in identifying taxiways Bravo and
Delta.

Runway Centerline and Touchdown Zone Markers. Installed on runway 4 (to dupli-
cate the standard runway centerline and touchdown zone lighting configuration
used for runways approved for Category II operations), as an aid for takeoff,
approach, landing, and rollout on the runway.

Completion of the attached questionnaires would be gratefully appreciated. Please
return to the box located on the Operations Desk.

Thank you for your cooperation.

1,
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EVALUATION OF RETROREFLECTIVE RUNWAY PAVEMENT MARKERS

Runway 4/22, Atlantic City Airport (ACY)

Type and Model Aircraft Date

Location of Taxi/Landing Lights Used: Wind

Nose-.... Wing _ Both - Other Pavement: Wet__ Dry.

Visibility:

"41 Mile _._ ito 2 Miles 2 to 3 Miles >3 Miles

Precipitation/Visibility Restrictions:

Rain_ Snow Fog_ Haze or Smoke..... None-

Exit Taxiway Retroreflectors

Runway Used: Taxiway Used to Exit Runway:

Rwy. 4_ Rwy. 22__-__, T/W Bravo....., T/W Delta---

How much help were the reflective markers in finding the exit taxiway?

No Help-.. Some Help.... Great Help.

Cantarline and Touchdowm Zone Retroreflectors

For the type aircraft and weather conditions experienced, please answer the
following questions.

1. Please rate the effectiveness of the markers during the:

a. Approaches Excellent Good Fair Poor

b. Flare & Touchdown Excellent -,-- Good ____ Fair _-__ Poor

c. Landing Rollout Excellent _.__Good Fair Poor

d. Takeoff Excellent ____ Good Fair Poor

Comments:

2. During crosswind conditions, were you able to decrab sufficiently early
during the approach to illuminate the pavement markers?

a. Yes No
Comments:m

Continued on next page.

A-2

'9



2

3. Did you find the red/white and all red coded centerline markers useful
in determining distance remaining on the runway?

Comments:

4. How would you rate the landing lights on your aircraft as to:

a. Illumination/
Brightness Excellent Good Fair Poor

b. Aiming Excellent _ Good -'Fair _ Poor

5. Considering the weather conditions encountered, do you feel that the

additional guidance provided by the retroreflective markers improved
the safety of operations during:

a. Takeoff? Yes.____ No -

b. Approach? Yes _=. No ,

c. Flare S Touchdown Yes ____ No..

d. Landing Rollout? Yes No

Comments:

Please include any additional comments or remarks:

AName______________________

(Optional)*
Organization*

*Name and Organization will not be used when test results and coimnts are reported.
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