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Figure $1-21. Visual approach slope indicator systems
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INSTALLATION TOLERANCES
The appropriats authority may:

@) vary 1As nominal eya height ovor the threshold of the
on-slops signal benveen the tmicy of 12m and 26 m.
oxcapN In cares where a xtandord ILS glide path and’or
MLS minfmunt gltda path is avatlable; the height sver
throshold should ba wvaried to ovoid ary conflict
Serveen tha viswal opproach slepe Indfeations end the
wiabla porrion of the ILS ghde path andlor MLS
mnimeum gitds path fndications;

&) wary the tongthedinel distance botwean individual light
iz or the overall tength of the syatem &y not more
than 19 pwr oent;

¢) vary the lateval displacenient of the system from tha
rumnsy edge by not mors than £3 m;

Note.— Ths systems must ba symunstrically displaced
about tha rsoray cenfre ling,

&) where thero is a longfrudinal slope of the ground,
adjust the longirudinol distanca of a light wnit to
compensate Jor s diffirence i level fiom that of tha
thrathold: and

#) whers thers is a transverse stope in the ground, odfust
the longinedinol distance of hva Nght itz or tao wing
Bdars 1o compuruale for the difference @ feval betvween
them as pecassary 1o meot the prequirements of 5.3.5.17.

The distanca bemsen 1he wing bur and the thrashold is
FBased on an approach alops of 3° (0 a fevel navway with a
nominal aye helght aver the threshold 4f 18 m. In praciicn,
the threshold fo wing dar dsrmice is déterwmined by:

a) the selected opproach stope;

&) thelonginudinal slops of ths rumvay; and

©) theselectsd nominal aye helght over tha threshold,

Figure S[-22, Siting of light units for T-VASIS




7 0% T
SRR

F11.00VH GHT RIS ViING BAR

HGINYRITS

1° 54

T P A S

THRCBIOLD

ELY-ULIGHT URIG

)

L

Runvway E

Runway E

16m ;4 B, ' 4
{£1m)
i el
%
(gtm) Rc
2m
om A H°
Gimy o
Typical PAPI wing bar

| >
10m . D, »
(£1m) t B8
o
geamy G A

Typical APAP| wing bar

INSTALLATION TOLERANCES

Where a PAPI or APAPI is instolied on a nimyay not
equipped with an IS or XML, ihe distance Iy shall bo
colrulated ro exvwre that the towest height ot which a pitot
will sea @ corvect approach path indication (Figuve 3-20,
angle B for a PAPS nnd augle A for on APAPL) pravides the
wheel cltarnca over tha threshold specified (n Tabla 3.2 for
the niost d diing amongst asvopl regulorly using the
PRI,

TP hera & PAPI or APAPK {s installed on a nmway equipped
witit an ILS owlior ALS, the distense Dy shall be calculnted
to pravide tha oph « tibtitty between the visual ond
nonwvisual atde for the range ¢f gye-to-antenna lioights of
the agroploites rgnlardy 1aing the rinway. The dislance
sholl ba equal to that between the threshold and the qffsciive
origin of ihe ILS glida path or MLS miniomm glids path, as
oppyopriate, plus @ cotrection faclor for the varietion of ye-
to-anterna helghts of the aeroplanes concenind, The
corvection factor is oblained by nmltiphing the average eye-
toinienin height of those acroplanas dy the cotangent @f
the approach angle. However, the distance shall be xuch that
fit no ease will tho wheel clearance owy the threshold be
fower than that specifiad in cobimn (3) of Tabla 3.2,

Note.~ See Scclion 5.2.5 for specilications or tindng point
mutiag, Guidance on the hansooization of PAPI, ILS podfer
MLS signals is coolained in the Aerodronre Design Manual
Dox 9157), Part 4,

¢} Ifa wheel clearance, grealer than that specified in a) abovs
fs requived for spocific eircrat, this cen be achiaved by
mrneasing D).

@) Distassca Dy shall ba adjusted to compansata for différences
in elsvation botweart the leis centres of tha light untis and
the thrashold,

@) Ta ensure thot units are mowvid as tow as possidia and to
atiow for any transverse slope, smoll height adiiiments of
1p e 3 cni Befwagn uniis ara accey A fateral gradtent
not greatsy than I.25 per cent con b eccepived provided it
fs uniforely applted across the unifs.

D dspactug of §m (21 m) batween PAPE wilts should ba teced

on coda numbers § and 2, In such un event, the Inner PAPL
urdt shall ba locotad not less than 1@ by (&1 ny) fiom the
runway edge.

Note —~ Reducing the spacing behveen light unily eeswlis in
& reduction {u ussble ranga of the sysleon

&) Tho lateral spacing between APAPY untis may ba incrensed
to § m (£ ny) If greater ronge t5 reguired or loler
comversion ta a fill PAFL is anticipated. by the Jetier caso,
the (nner APAPY untt shait be located 13 m (51 m) from the
Tumyay edgo.




PAPIWING DAR THRESHOLD

The helght of the pliot's aye above the alrcrafi’s ILS glide path/MLS anfenna varas with the fype of
saroptane ond approach attitude. Homxenization of the PARI glgnal and .S glide path amd/or MLS
mindrium glide path to o paint cloger (o the threshotd may he achleved by incranaing the on-courss
aector from 20’ to 30" Tha setting anglas for a 3* glide slope would then ke 2°25°, 2°45), 315’ and

336"

A~ 3" PAPHILLUSTRATED

')

J i
APAZIVING BAR THRESHOLD

B~ 3*APAP] RLUSTRATED

Tigure S1-25. Light beams and angle of elevation setting of PAPI and APAPI
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FigureS1-26. Obstacle protection surface for visual approach slope indicator systems
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Figure S1-28. Example of approach
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Dirgetion of landing Aiming poit  Touchdown zone
marking marking, Beq DoleilA

A A
DotallA PANIRZ) ofn"l':;mﬁ:a AR /;,\\,.«.J_ 83m
Touchdown Touchdown T
Zonb z0ne
marking marking

Nolo~iNmonstonAls 1.6 mor gl the width of the touchdoym zone ms?kﬂu, whichever Is greater.

Figure S1-29. Simpie touchdown zone lighting
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Figure S1-30. Rapid exit taxiway indicator lights (RETILS)




. v %
.
€
8
t,
Straight taxivwiay .y |
LEGEND

< Runway danire lng |Iight
pad runway edge light

& Taxiway edge light

* Taxlway cenlre Hing light

% Exll Laxiway cenlra fine lighls
* Siop bar light

% Slap bar Hght
(un&imolignal)

% Intarmed|ate holding position light
{usidirestonal)

ennpd

Rapld
exlt laxiway

E o
i

Figure S1-31, Taxiway lighting




vy cenire Tne marking
pracision eppropth runway
categoty it or il

_-._——_—.___MT.-M. FUNWBY Oanlre e s we e

€0 cm

Tolerances for offset rurway centne line lights and
taxiway cenlre #ne Hghts to maintaln 60 envseparation.

Figure S1-32. Offset runway and taxiway centre line lights

; —

See 5.9.23.4
ond 5.3.23.5
—'L— 0o 99~ Apalretunldirectional, U 0 0 G G ¥~ yntdirecUsnat flashing
Nashing yeilow ights yelow lights spaced at
Intervalsol 3 m
Configusalion A Configuration 8

Figure S1-33. Runway guard lights



Rurway designation tndicales a wnway-hakding pestion al a unway xtremity
of a rutvay axdnemity
(Example)
Rumvay designation Indicates a fwmvay-holding position localed 2t
of hathexirernities tahwayimreaay Intersection other than nunway extremity
of anwway
{Eanple)
Calegosy Indicates a category | runway-hokding position
posilion e at (b threshotd of runvay 25
{Exampls)
Catagory (| boid Indicates & category I naway-hoiding position
position al the threshatd of Revay 25
{Example)
Ca iithold Indicates a category Il ainway-ho
i positien at tha thrashold of mﬁﬁu
{Bamrple)
m }L‘m tH indicalas a joint pcglée%lw {1 lggd il
runway-holding o
{Examgle} threshold of eway 25
Cauegocyl Il and I : htﬁca!esalolmm{egwlﬁamlll
rusvay-holding position at
(Emn’oia) threshold of rumvay 26
NO ENFRY Wdleales that enlry o an area Is prohitiled
mmng Indicalas a unway-holding position {in accordance with 3.42.3)
(Exampla)

Figure S1-34. Mandatory instruction signs



LEFT SIDE RIGHT SIDE

QIRECTIONLOCATIONIDIRECTION

LOCATIONIDIRECTION DESTINATION

RUNWAY VACATED/L OCATION

RUNWAY EXIT

INFERSECTION TAKE-OFF

Figure §1-35. Information Signs



HON-INSTRUMENT, NON-PRECISION, TAKE-QFF RUNWAYS

CATEGORY |

CATEGORY il

CATEGORY I

Figure S1-36. Examples of sign positions at taxiway/iunway intersections

Note. To figure S1-36-—Distance X is established in accordance with Table $1-4. Distance Y
is established at the edge of the ILS/MLS critical/sensitive area.



VOR 116.3 147° |-reevereeees VOR 116.3
’ 147°

D) B}
Where no DME is collocated with the VOR

VOR 116.3 147° 4.3wm|| VOR 116.3

o
147" 4.3
©) )
Where a DME is cotfocated with the VOR
Figure S1-37. - VOR aerodrome checkpoint sign
&
o~

05m

1M,

-

Figure §1-38, Boundary Mackers



!-" <45m ‘;! |<—>I.6 m—b’

T winite
E2R Oange or red

Figure S1-39. Basic marking patterns



A Rooftop paitem
A’ Plain roof pattern
B Curved surface
C Skelelon structure

Nole.— H i3 lass than 46 m {or the examples shown ebove,
For grealer heights inlermediale lights must be added as shown below.

Light spacing (X} in accordonce with Appendix §
Nuraber of levels of lights = N = Y (nielres)
X {metres)

Figure S1-40. Examples of marking and fighting of tall structures
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unway conlre linp

Hliuskigllon 8) Closad renway marking

!'\—'Taxlway ceniroline

usttalion b) Closed daxiway marking

Figure S§-41. Closed runway and taxiway markings

shold

L Pra-thrashold area
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[~ 15m
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Figure $1-42. Pre-threshold marking



OBSTACLE LIMITATION SURFACES
Note.—The figure shows the obstade fmitation surfaces
af an aeradrornie with fwo runways, aninstrument rumyay
and a norrinsbument runway. Both are also take-off

1500em A4

250m 2




SUPPLEMENTARY TABLES TO THE REGULATIONS
Table St-1, Aerodrome rveference code

Codce element |

Code number

Aevodrome reference field length

Code element 2

1 Less than 800m

2 800m up to but not including 1200m
3 1200m up to but not including 1800m
4 1800m and over

Code letter Wingspan

TomoaOwy

Up to but not including {5m

15m up to but not including 24m
24m up to but not including 36m
36m up to but not including 52m
52m up to but not including 65m
65m up to but not inchiding 80m

Tabie S1-2. Runway width tabulation table

Code letter

C D E F

Code number A B
la 18m 18m 23m - - -
2a 23m 23m 30m - - -
3 30m 30m 30m 45m - -
4 - - 45m 45m 45m 60m

a,

Quter Main Gear Wheel Span (OMGWS)

Code number Up to but not
including 4.5m

4.5 yp to but not Gm up to but not Im up to but nol
including 6m including 9m including 15m

1° 18m

20 23m
3 30m
4 .

18m 23m -
23m 30m -
30m 30m 45m
- 45m 45m

* The width ofla precision approach runway should be not less than 30m where the code

mumber is 1 or 2.

Note 1. — The combinations of code mumbers and letters for which widths are specified
have been developed for typical aeroplanc characteristics.
Note 2. — Factors affecting nanway width are determined by the Authority



Distance betweea taxiway cente line
and ruaeay ceatre line (wetses)

Iestrument evnways Noo-issboment niaways

Code Code muher Cods pumber
Iefer 1 2 3 14 it 1031 ¢

@ 6066 60660

Tasiway, Aireraftsiand

ofertbin  {axilane
Tatiway aicraftstnd ceotreline  Abrceaftstand
gatelise oty foarenf  iafane
tolaiway  coatieline staodtauibane  centredine
centie i toobject  cemtelme  toobjet
(metes)  {meted)  (metres)  {uelees)

(16} {t) {13) (1)

A nsm o~ - s a4y -

1

5 # 8 12 - Q 5 8 -

¢ 8 8 18 Uk 4 8 BB

D -~ w166 1% ~ = 0 0
E - - 1zsIms - = 105 s
F ~ - 180 1e¢ - - 5 1B

i) 153 193 I

b/ A0 283 165

H 2% 103 03

é 3 55 33

% 45 23 {0

9 )| 815 415

Hote I.—The seporatton disiances shown in cohamns (2) fo {8} represont evdinary contbinations of nomsays avid tasteys. The bosfs for
davelopment of thexe distamees s given i the Actodsome Design Manwal (Do 9157}, Part 2.

Note 2. The disionces in colimns {2} o (3) donot grarantes suffictent clesrance bebind a holding deraplone to parmitthe posstng of

another aéraplane o parallel ioxhiay, Sea the Aerodronss Design Manual (Doc 9157}, Pant 2,



Table St4. Minimum distance from the runway centre Jine to a holding bay, runway-holding position or read-holding position

Code number i 2 3 4
Type of nnway i
Non-ipstrument 30 40 m TSm 75m
m
Non-precision approach 40 40 m 15m T5m
m
Precision approach category 1 60 60 90 90
o’ m" s Mabe
Precision approach categories Xl and I 20 90
Mad b
Take-off runway 30 40 m 75m 75m
m

*If a helding bay, runway-holding position or road-holding position is 4t 2 lower ¢levation comparcd to the threshold, the distance may be decreased 5 m for
every metre the bay or holding position is lower than the threshold, contingent upon not infringing the inner trapsitional surface.

YThis distance may need 1o be increased to avoid interference with radio pavigation aids, particularly the glide path and localizer facilities. Information on
critical and seusitive areas of ILS and MLS is contained in Civil Aviation (Radic Navigation Aids) Regulations.

Naote 1. — The distance of 90 m for code pumber 3 or 4 is based on an aircraft with a tail height of 20 m, a distance from the nose to the highest part of the tail
of 52.7 m and a nose height of 10 m bolding at an angle of 45° or more with respect to the runway centre lipe, being clear of the obstacle free zone and not
accountable for the caleulation of OCA/H.

Note 2. — The distance of 60 m for code number 2 is based on an aircraft with a tail beight of 8 m, a distance from the nose to the bighest part of the tail of
24.6 m and a nose height of 5.2 m holding at an angle ¢f 45° or more with respect to the runway centre line, being clear of the obstacle fiee zone.
"Where the code letter is F, this distance should be 107.5 m.

Note. — The distance of 107.5 m for code number 4 where the code letter is F is based on an aircraft with a tail height of 24 m, & distance from the nose to the
highest part of the tail of 62.2 m and a nose height of 10 m holding at an angle of 45° or more with respect to the runway centre line, being clear of the obstacle
frez zone.



Table S1-5. Dimensions and slopes of obstacle limitation surfaces -— Approach runways

RUNWAY CLASSTFICATION
Non-precision approach Precision Approach Category
Code number O or 1
Non-instrursent Code number Code number
Code number
Surface and dimensions® 1 2 3 4 12 3 4 12 24 34
()| @ 3) G2 5) (6) M (8} 9 am (11)
CONICAL
Siope 5% 5% 5% % 5% 5% 5% 5% 5% 5%
Height 35m S5m T5m 100m 60m T5m 100m 60m 100m 100m
INNER HORIZONTAL |
Height 45 1 45 m 45 45 @ 45m 45m A5m 45 m 45 m 45m
Radius 2000m 2500m 4000m  4000m  3500m  4000mm  4000m  3500m  4000m 4000m
INNER APPROACH
Width — —— —_— —_ —_ B - %0m 120m° 120m®
Distance from threshold — — — — — — —_ 60m 60m 60m
Length — — —_ — — — — 900z0 900m 900m
Slope - — — — — - 2.5% 2% 2%
APPROACH
Length of inner edge §0m 80m 150m 150m 140m 280m 280m 140m 280m 280m
Distance from threshold 30m 60m &0m 60m 60m 60m 60m 60m 60m 60m
Divergence feach side) 10% 10% 10% 10% 15% 15% 15% 15% 15% 15%
First section
Length 1600m 2500m A000m  3000m  2500m  3000m  3000m  3000m  3000m 3000m
Slope 5% 4% 3.33% 2.5% 3.33% 2% 2% 2.5% 2% 2%
Second section
Length — - -~ —  3600m° 3600m"  12000m  3600m” 36000
Slope — -— — s - 2.5% 2.5% 3% 2.5% 2.5%
Horizontal section
Length - — - - —  8400m®  $400m® . 8400m” 3400°
Tolal Length — _— — — —_ 15000m 13000m  15000m  15000m 15000m
TRANSITIONAL
Slope 20% 20% 14.3% 14.3% 0% 14.3% 143% 143% 14.3% 14.3%
TNNER TRANSITIONAL
Siope — — — — — — — 40% 333% 33.3%



BALKED LANDING SURFACE

Length of inner edge — — — - —_— —_ - 90m 120m* 120m°
Distance from threshold — — —_— _ —_ _— —_ ¢ 18000 1800m*?
Divergence {cach side) —_ — — —_ —_ — -_— 10% 10% 10%

Siope — — — —_ — — — A% 3.35% 333%

All dimncnsions are messured borzentally unless spocified otherwise.

Vazisble length (sce Reg. 87.96. 58 and 100)

Diswance to the ¢ad of strip.

Or end of rTunway whichever is less.

Where the code letter is F (Table Si-1), the width is increased to 140 0 except for those acrod that acc date a code letter £ acroplane cquipped with digital avionics that provide steeriog
commands to maintain an establisbed track during the go-around maneuver.

FprTE

Note. — See Circulars 301 and 345, and Chapter 4 of the PANS-Aerodromes, Part [ (Doc 9981) for further information,

Table Si-6. Dimensions and slopes of obstacle limitation surfaces

RUNWAYS MEANT FOR TAKE-OFF

Code number
Surface and dimensions™ 1 2 3ord
(O] | ] 6] @)
TAKE-OFF CLIME &0 m $0m 1280 ;a
Lergth of inner edge
Distance from nmway end”® i 30m 60m 60 m
Divergence (gach side) 10% 10% 125%
Fipul width 380 S80m 1200 m
1800 m*
Length 1600 m 2500m 15000 m
Slope % 4% 2%d

* All dimcasions arc measured horizontally wnless specified otherwise.

*  The take-off climb surface starts a the end distance of the clearway if the clearway length exceeds the specified.
¢ 1 800 m when the i ded track includes chapges of beading greater than 15° for opermions conductsd in IMC.
VMC by night.

¢ _Rerulation 102




Table S1-7. Location and dimensions of aiming point macking

Landmg dslance available

2002 up & but net 1200 psup ta it not
Facation and dinsemloay Laistheg RO M icluding | 200 t {ociodlng 2 400 2 400 m wod edove
@ @ (9} &
Disranee from dresbold fo 1501 250m Wom 400m
beghning of neatkdng
Length of stipe* 3045 s P45m 4560 2 45-60m
Widdh of stripe i sm &-109m* &i0m’
Laterss spaclog between hiney e o 18225 18228
sides of stedpes

2. The greater dimensions of the specified ranges are intended to be used where inereased conspicuity is required.
b, The ineral spacing may be vaded within these limits ko minimize fhe coataminalion of the marking by cubber deposils.

¢, These fgures were deduced by referenco to 1he ovler main gear wheed span which is element 2 of the serodrome refecence coda in
regulation 13 and Table S1-1

Table $1-8. Wheel clearance over threshold for PAPT and APAPI

Efngg::mw Pesiced (:r:'l::i )cblfumncl Miulmun(x ‘;\::‘:1 )‘zlnnnco
'0) [¢9] (U]
wp 1o butrot fncluding 3 & ’ 3t S
3 m up to but not including S w 9 4
5 mi up to but not Including 8 m 9 5
81 up ko but oot including 14 9 [

» Inselecting the eye-to-wheel helght group, only atroptanes meant to use tha systent on a rzgnlac basts shalf be considered. The
mesld ok 126t sueh aeroptands shall deleemilne the eye-to-wheel hiebght group,

b.  Wherse graciicable the desired wheed clearances shown {n eolumn {2) shall e provided.

The wheel cleamntes {o column (2) way be reduced to na less than thosa in colamn (3} where aa aeronavilcal shidy indieates

hat such reduced whaet cleasrances are ecceptable.

4. Whes a reduced wheel <& It provided al & displaced threshold It shalk be ensured that (he comesponding desired wheel
clearance specified in ¢oluma (2) widl bé svallable whea wn aesoplaue at the (op ead of e eye-lo-wheel D2lghl group chosea
overflies tho exuenity of (he runway.

4. Thix wheel clenmnce may be reduced to 1.5 moa susways used malnly by lightow¢lghl non-turbojet acroplages.

d

Table $1-9. Dimensions and slopes of the obstacte protection surface

Runway type/cods number
Non-instrument Code number Insteument Code nuntver
Surface dimersions i 2 3 4 [ ? 3 4
Length of inner edge 60 m 3m'  150m 150m 150 m 150m 300 0m

Distance  front the  visuat DHI0m  Dyt60m D6dm Dp6dm Dité0m D3ddm Dy-80m  Dy1E0m



Distance from the visual Dy#I0m  Dit60m Di6im Dit§0m  D+60m Dy160m Dy+60m D H6Ont
approach  slope  indicalor
system®
Divergence (each side)} 10%

10% 19% 16% 15% 15% 15% 15%
Taotal lenglh 7500m  T500w® ISH00Om  1S00Gm  7500m  75C0m® 1S000m  15000m
Stope

- 19° 190 1.9° 19 o
8)  T-VASIS and : : : - : 19 1
AT-VASIS

b) paPl® - A-0.57° A-0.517  A-0.8T° A05T? A-0.57° A-Q57° A-D057°
g APAPI' A-DS  A09 - - A-D9°  A-09° - -

a. This length is to be increased lo 150 m for a T-VASIS or AT-VASIS.

b. ‘This length is to be increased (o 15 800 m fora T-YASIS or AT-VASIS,

¢. No stope has been speeilicd if'a systen: is unlikely to be used an runway type/cade number indlcated.
d. Angles os indicated in Figure §1-25

¢. Dy is the distence of the visval approach slope indicator system from threshold prior 10 any dispiacement to remedy cbject
penciration of the OPS (refer Flgure S1-24}, Tte slarl of the OPS is hixed 1o the visual approach slope indicator system
location, such (hat displacemeny of the PAPT resulls in an equal dispiacement of the start ol the OPS.

Table S1-10,  A-VDGS recosnmended displaceme accuracy

Maximum Maximum deviafien Mexitnum Maximum
deviation at ol deviation at deviation al
stop position 9 from 15 m from siop 25 m from slop
Guidance informalion {stop asea) slop position position position
Azimuth 250 mm +340 mm 400 mm +500 mm
Distance  +500 ot 21 000 mm 41 300 mm Not specified

Table 81-11, Localion distances for taxiing guidimee signs including runway exil signs

Sign height (mm) Perpendicular distance Perpendicular dislance

from defined taxiway (rom defined munway

m;ﬁt I l;‘a:: d (]:;"i‘:f) I?js]::::c)d pavement edge o near- pavement cdge to near

- N - side of sign side of sign

lor2 200 400 700 5-1l'm 3-10m
lor2 300 600 200 S-Hm 3.-10m
Jord 300 600 900 H-21'm 8-15m
Jord 400 300 1160 11-21m 8-15m




1 2 3 4 I H I 4 ?
Peak intenuity (¢d) 31 given Backgrousd
Luminisce (b} Light
Signal type/ Day Tuilight Night Dutiitmtion
Light Type Colour (flath o) {Above 500 3w | (50-500 e’} |(Bekow 50 el Tade
Low-nkeanity, Type A Red Fixed
(Exed obstscle) . . o Fible 62
Lowistentity, Type B Red Faxed
{linad obatacle) WA NA 2 Table 62
Lotr-mieatity, Type € YillowfHlve Fladijog
(mabile chstacle) 0] {6090 fpay i ®© ° Table 62
Low-akssity, Typo D Yelow Flashiog
{follow-sar; vehicke) (80-90 fpm) NA 200 20 Table 62
Low-iteatity, Type B Aed Fhaching Table 62
© WA A » Type D)
Mediven intensity, Type A Whits Fhashiog
) e 200 au0 Tibie 63
Medowvinreasity, Type B Red Flashlog
(20-60 o) b WA 200 Table 63
Medam-intessity, Type C Red Pixed A WA 2000 Tablo 5-3
High-Intensivy, White Flasbing
o THimA L N E{Mb}x_:) 200000 ) 0000 2000 Table &3
High-tensity, White Fliking
TypoB 1406 fpm) 100009 D0 20% Table6:3
Table S1-12,  Characleristics of obstacle lights
8) Sez Regulation 199
b) For lashing lights, eltective intensily as Jetemmined in accordance with the guionce waterials un visual aids
©) For wind turbing application, 1o Nash a¢ the same rate rs the lighting on he nacells.
Table S1-13. Light distribution for low-intensity obstacie lights
Minimunt intensity Maximury tntensity Veriteat beam spread
@ fa) ®
Minlninm beamn spread Intensity
Typo A lOc_d (b} ) A 10* Scd
Typell  B2ad(h) INfA 10 HAN
TypeC  HO<d(b) 400 o 12°(d) 20cd
TypeD  pO0ed(c) 00 od NiA(c) WA

Naote.— This table does not include recommended horizontal beam spreads. Regulation 198
requires 360° coverage around an obstacle. Therefore, the number of lights nceded to meet
this requirement will depend on the horizontal beam spreads of each light as well as the shape
of the obstacle, Thus, with natrower beam spreads, more lights will be required.



Table St-15.  Marking band widths

l.o»gcs} Dimension

Grearer than _ Not exceeding

Band widths

L.5m 210 m
250m 270m
270 m 330
Bom 390 m
19010 450 m
450 m 510an
510m 570m
570 m 63¢m

117 " "
/o . "
e » o
113" " ’
1715 " "
VA " -
TICE " “
121 " "

‘Table SI-16 Instaliation setling angles for high-intensity obstacle lights

Height of tight unit above terrain (AGL)  Angle of the peak ofthe beam above the

harizonial
Qreater than  Not exceeding
[5im °
122m 151 m 1°
92 m 122 m 2°
92m 3

Table §1-17. Secondary power supply requirements

Runway

Non-instrument

Non-precision approach

Precision approach ¢ategory [

Frecision approach eategory I/1IL

Lighting aids requiring power

Visual approach slope indicalors
Runway edg'e"

Runway thweshald®

Runway end"

Obstacle’

Approach fighting system

Visuat approach slope indicators™*
Runway edged

Runway threshold®

Runway end

Obstacle’

Approach lighiing system

Runway cdge"

Visual approuch slope indicators™ ¢
Runway threshold”

Runway end

Esscnlial fnxiway*

Obstacle”

Inner 300 m of (he approach lighting system
Other paits of the approach Jighting sysiem
Obslacle”

Runway edge

Runway threshold

Runway end

Runway centre line

Runway touctrdown zoie

All stop bars

Bssenlial wxiway

Maxinwim
swilch-over lime

See
Reg 255

15 seconds
15 seconds
15 seconds
15 seconds
}5 seconds
IS seconds’

[5 seconds
15 seconds
IS seconds
15 secands
1§ seconds
15 seconds
LS sceonds

I second
§5 seeonds
15 seconds
15 seconds

L second

1 second

1 second

1 second

I secund
15 seconds



Runway meant for lake-of} in runway visual Runway edge {5 seconds®
range conditions Tess than a value of 800 m Runway end 1 second
Runway centre linc 1 second
All stop bars } second
Essential taxiway* 15 scconds
Obastacte® 1S seconds
Maxicum
Rarwry Lighting 3ids rnquiring power 1orikch-over e
Nag-lastuaent Visua approach slope {odicatons® See
Rumvay edgs $.14end
Ry threskold® 219
Ruovay end®
Obstacle®
Noo.precision sppeoach Approach tighting syvtem. 15 vaconds
Virual approagh siope Indicaton™® £3 ceconds
Runivay ¢dgs 15 secouds
Resivay thethols! 15 seconds
Reaway sad 15 seconds
Obstacte® 15 seconds
Pracision spproach category | Approach lighting system 15 recondy
Rooway edge! 15 saconds
Visusf ;pprouh;éope indicators™ 15 racends
Ry (hretho 15 seconds
Romvay end 15 seconds
Esseatia] taxiway* 15 weconds
Obstacie® 15 seconds
Preclston approach calegory TIIL Ioner 300 m of the sppooach lighulog syrtea 1 weond
Othee pasts of dhe npproach lighting systeay 15 zeconds
Qbstacts’ 15 seconds
Ruaway edge 13 seccnds
Rouway thresbold § second
Runway ead Farcond
Runiwny ¢eatte Line 1 s0000d
Runway touchdann zoos 1 second
Alf stop bars 1 pecond
Exsential taxiway 13 seconds
Runway o aad for {ake-off in ruaway visaal Romyay edge 13 secondy®
range conditions fecs than o value of BO0 m Runway ead § wecond
Runwiay centse line 1 second
All top bars 1 sec00d
Essetial toivvay* 15 seconds
Obstacte 15 seconds

pory

Suppbied with 1edcrday poner whan thelr oparation ix aszazdis] to the safely o light cparatize,
Sea Clagtuz $,3.32, reguding (ha use of eargeney lighting.
022 secood wbire 0o ruzway caatrs Line bighls are pray:

One sacoad whare appeossh over

(See Regulation 258)



Tablc S1-18. Aerodrome category lor rescue and fire fighting

Aerodrome category  Aeroplune averall fength Maximn fuselage
width

() 2) (3}
1 0 m up to but not incleding ¢ m 2m
2 9 nt up 1o but not including 12 2m
3 12 m up o but not including 18 m 3m
q 18 m up (o but not including 24 m Am
£ 24 v up to bl not including 28 m 4m
6 28 m up (o bui not including 39 m Sm
7 39 m up to but not including 49 m Sm
] 49 m up to bul not including 61 m Tm
9 61 m up (o bui not including 76 m Tm
10 76 m up Lo bol not including 90 m §m

Table S1-19.  Minimum usable amounts of extinguishing agents

Foam mecting pesformance Eoam eaeeting perlc Foam nweting pesfe
Irvel A keelB kvelC Complementary agests
Discharganate Dischasge rate Distharge e Diy Disgclage
foam solulion foxm salulion! foun safutivn/ chemical Rate
Arrodronip Water tainule Walee mitute Water ioute ponders  (kgfiecond)
<alegory ® L) 5] @ o) ) )
1t o 3 ] ) © @ @ @
1 350 350 210 230 180 160 45 225
2 1000 800 670 S50 460 360 90 225
3 1300 1300 1200 900 820 630 135 225
4 3600 2400 2400 1800 1700 iloo 135 225
5 8300 4500 5400 3000 3500 2200 180 275
[ 11800 6000 7900 000 5800 2500 235 225
? 18200 7900 12 i6Q 5300 8600 3800 p213 225
8 27300 10 800 18260 7200 12 800 5100 450 45
9 36400 13500 243100 S0 17 100 6300 450 45
10 48200 16 600 32300 11200 22 800 7900 450 43

Nolo.— The quantities of woler shown tn cohvrms 2, 4 and o ere desad on the avrrge overatt lengih of aeroplanes in a given calegory,

Table S1-20. Number of Rescue and fire fighling vehicles.

Acrodrome category Revcire and five fighting vehicles
!

SO R AN
W W WD NN e e e e -

—




SCHEDULE 2
(reg. 36 (2), 38 (4), and 54 (4))

Guidance Material Supplementary to the Acrodromes Regulations

1. NUMBER, SITING AND GRIENTATION OF RUNWAYS
1.1 Siting and orientation of runways

1.1.1 Many factors shall be taken into account in the determination of the siting and
oricntation of runways. Without attemipting to provide an exhaustive list of these
factors or an analysis of their effects, it appears useful to indicate those which most
frequently require study. These factors may be classified under four headings.

1.1.2 Type of operation. Altention shall be paid in particular to whether the aerodrome
is to be used in all meteorological conditions or only in visual meteorological
conditions, and whether it is intended for vse by day and night, or only by day.

1.1.3 Climatological conditions. A stwdly of the wind distribution shatl be made to
determine the usability factor. In this regard, the foliowing comments shall be
taken into account —

1.1.3.1

1.1.3.2

Wind statistics used for the calculation of the usability factor are normalty
available in ranges of speed and direction, and the accuracy of the results
obtained decpends, to a large extent, on the assumed distribution of
observations within these ranges. In the absence of any sure information
as to the true distribution, it is usnal to assume a uniform distribution
since, in relation to the most favourable runway orientations, this
generally results in a slightly conservative for the usability factor.

The maximuwm mean cross-wind components given in regulation 62 refer

to normal circumstances. There are some factors which may require that

areduction of those maximum values be taken into account at & particular
aerodrome. These include:

(@) the wide variations which may cxist, in handling characteristics and
maximum permissible crosswind components, among diverse types
of aeroplanes (including future types) within each of the three groups
given in regulation 62;

(b) prevalence and nature of gusts;

(c) prevalence and nature of turbulence;

(d) the availability of a secondary runway;

() the width of runways;

() the runway surface conditions — water, snow and ice on the runway
materially reduce the allowable crosswind component; and

(g) the strength of the wind associated with the limiting cross-wind com-
ponent.

A study shall also be made of the occurrence of poor visibility and/or low cloud
base. Account shall be taken of their frequency as well as the accompanying wind
direction and speed.

1.14

Topography of the aerodrome site, its approaches, and surroundings,

particularly —

{a) compliance with the obstacle limitation surfaces;

(£} current and futore land use. The orientation and layout shall be selected
50 as to protect as far as possible the particularly sensitive areas such
as residential, school and hospital zones from the discomfort caused
by aircraft noise. Detailed information on this topic is provided by
the Authority through guidance on Airport Planning and in Guidance
on the Balanced Approach to Aircraft Noise Management;



(c) current and future runway lengths to be provided;
(d) construction costs; and
(e} possibility of installing suitable non-visual and visual aids for approach-
to-land.
I.1.,5  Air traffic in the vicinity of the acrodrome, particularly —
(@) proximity of other zerodromes or ATS routes;
(b} traffic density; and
(¢) air traffic control and missed approach procedures.
1.1.6 Number of Runways in each direction The number of runways to be provided
in each direction depends on the number of aircraft movements to be catered
o,

. CLEARWAYS AND STOP WAYS

2.1

22

23

24

2.5

The decision to provide a stop way and/or a cicarway as an alternative to an
increased length of runway will depend on the physical characteristics of the area
beyond the runway end, and on the operating performance requirements of the
prospective aeroplanes. The runway, stop way and clearway lengths to be provided
are determiined by the aeroplane takeoff performance, but a check shall also be made
of the landing distance required by the aeroplanes using the runway to ensure that
adequate runway length is provided for landing. The length of a clearway, however,
cannot exceed half the length of take-off run available.

The aeroplane performance operating limitations require a length which is enough
to ensure that the aeroplane can, after siarting a take-off, either be brought safely to
a stop or complete the take-off safely. For the purpose of discussion, it is supposed
that the runway, stop way and clearway lengths provided at the aerodrome ace only
just adequate for the aeroplane requiring the fongest take-off and accelerate-stop
distances, taking into account its take-off mass, runway characteristics and ambient
atmospheric conditions. Under these circumstances there is, for each take-off, a
speed, called the decision speed; below this speed, the take-off must be abandoned if
an engine fails, while above it the take-off must be completed. A very long take-off
run and take-off distance would be required to complete a take-off when an engine
fails before the decision speed is reached, because of the insufficient speed and the
reduced power available. There would be no difficulty in stopping in the remaining
accelerate stop distance available provided action is taken immediately. In these
circumstances the correct course of action would be to abandon the take-off.

On the other hand, if an engine fails after the decision speed is reached, the aeroplane
will have sufficient speed and power available to complete the take-off safely in
the remaining take-off distance available, However, because of the high speed,
there would be difficulty in stopping the aeroplane in the remaining accelerate-stop
distance available.

The decision speed is not a fixed speed for any aeroplane, but can be selected by
the pilot within limits to suit the accelerate-stop and take-off distance available,
aeroplane take-off mass, rumwvay characteristics, and ambient atmospheric conditions
at the aerodrome. Normally, a higher decision speed is selected as the accelerate-stop
distance available increases,

A variety of combinations of accelerate-stop distances required and take-off distances
required can be obtained to accommodate a particnlar aeroplane, taking into acecount
the aeroplane take-off mass, runway characteristics, and ambient atmospheric
conditions. Each combination requires its particuiar length of takeoff run.



2.6

279

2.8

29

2.10

The most familiar case is where the decision speed is such that the take-off distance
required is equal to the accelerate-stop distance required; this value is known as
the batanced field length. Where stop way and clearsvay are not provided, these
distances are both equal to the munway length. However, if landing distance is for
the moment ignored, runway is not cssential for the whole of the balanced field
length, as the take-off 1un required is, of course, iess than the balanced field length.
The balanced field length can, therefore, be provided by a runway supplemented
by an equal length of clearway and stop way, instead of wholly as a runway. If
the runway is used for take-off in both directions, an equal length of clearway and
stop way has to be provided at each ruaway end. The saving in ranway length is,
therefore, bought at the cost of a greater overall length.

In case economic considerations preclude the provision of stop way and, as a

result, only runway and clearway are to be provided, the runway length (neglecting

landing requirements) shall be cqual to the accelerate-stop distance required or
the take-off run required, whichever is the greater. The take-off distance
available will be the length of the runway plus the length of clearway.,

The minimum runway length and the maximum stop way or clearway length to

be provided may be determined as follows, from the data in the aeroplane tlight

manual for the aeroplane considered to be critical from the vicwpoint of runway
length requirements if a stop way is —

(a) economically possible, the lengths to be provided are those for the balanced
field length. The runway length is the take-off run required or the landing
distance required, whichever is the greater, If the accelerate-stop distance
required is greater than the runway length so determined, the excess may
be provided as stop way, usually at each cnd of the runway. In addition, a
clearway of the same length as the stop way must also be provided; and

(&) not to be provided, the runway length is the landing distance required, or
if it is greater, the accelerate-stop distance required, which corresponds to
the lowest practical value of the decision speed. The excess of the take-off
distance required over the runway length may be provided as clearway,
usually at each cnd of the runway.

In addition to the above consideration, the concept of clearways in certain

circumstances can be applied to a situation where the take-off distance required

for all engines operating exceeds that reqitived for the engine failure case.

The economy of a stop way can be entirely lost if, after each usage, it must be

re-graded and compacted. Therefore, it shall be designed to withstand at least a

certain number of loadings of the aeroplane which the stop way is intended to

serve without inducing structural damage to the aeroplane.

3, CALCULATION OF DECLARED DISTANCES

3.1

32

33

34

The declared distances to be calculated for each runway direction comprise: the
take-off run available (TORA), (akc-off distance available (TODA), accelerate-
stop distance available (ASDA), and landing distance available (LDA).

Where a runway is not provided with a stop way or clearway and the threshold is
locaicd at the extremily of the runway, the four declared distances shall normally
be equal to the length of the runway, as shown in Figure $2-1 (A),

Where a runway is provided with a clearway (CWY), then the TODA will include
the length of clearway, as shown in Figure §2-1 (B).

Where a runway is provided with a stop way (SWY), then the ASDA will include
the length of stop way, as shown in Figure 52-1 (C).



35

3.6

37

Where a runway has a displaced threshold, then the LDA will be reduced by the
distance the threshold is displaced, as shown in Figure S2-1 (D). A displaced
threshold affects only the 1.DA for approaches made to that threshold; all declared
distances for operations in the reciprocal divection are unaffected.

Figures S2-1 (B) through 82-1 (D) illustrate a runway provided with a clearway or a
stop way or having a displaced threshold. Where more than one of these features exist,
then more than one of the declared distances will be modified — but the modification
will follow the same principle illustrated. An example showing a situation where all
these features exist is shown in Figure S2-1 (E).

A suggested format for providing information on declared distances is given in
Rigure $2-1 (F). If a runway direction cainot be used for take-off or landing, or both,
because it is operationally forbidden, thea this shall be declared and the words “not
usablc™ or the abbreviation “NU” entered.



4.3

5.

S.L

5.2,

5.3

Radio altimeter operating area

In order to accommodate aeroplanes making auto-coupled approaches and automatic
landings (irrespective of weather conditions) it is desirable that slope changes be
avoided or kept to a minimum, on a rectangular area at Icast 300 m long beforc the
threshold of a precision approach ranway. The area shall be symmetrical about the
extended centre line, 120 m wide. When special circumstances so warrant, the width
may be reduced to no less than 60 m if an aeronautical study indicates that such
reduction would not affect the safety of operations of aircraft. This is desirable
because these aeroplanes are equipped with a radio altimeter for final height and flare
guidance, and when the aeroplane is above the terrain immediately prior to the
threshold, the radio altimeter will begin to provide information to the autamatic pilot
for auto flare. Where slope changes cannot be avoided, the rate of change between
two consecutive slopes shall not exceed 2 percent per 30 m,

RUNWAY SURFACE EVENNESS

In adopting tolerances for runway surface irregularities, the following standard of
construction is achievable for short distances of 3 m and conforms to good
engineering practice —

Lixcept across the crown of a camber or across drainage channcls, the finished surface
of the wearing course is to be of such regularity that, when tested with a 3 m
straightedge placed anywhere in any direction on the surface, there is no deviation
greater than 3 mm between the botiom of the straight-edge and the surface of the
pavement anywhere along the straight edge.

Cavtion shall also be exercised when inserting ranway lights or drainage grilles in
runway surfaces to ensure that adequate smoothness of the surfuce is maintained.

The operation of aircraft and differential settlement of surface foundations will
eventually lead to increases in surface irregularities. Small deviations in the above
tolerances will not seriously hamper aircraft operations. In general, isolated
irregularities of the order of 2.5 cm to 3 cm over a 45 m distance are tolerable.
AHhough maximum acceptable variations vary with the type and speed of an aireraft,
the limifs of acceptable surface irregularities can be estimated to a reasonable extent.
Table S10-1 describes the maximum and temporarily acceptable limits. IF the
maximum limits are  exceeded, the coirective action shall be undertaken as soon as
reasonably practicable to improve the ride quality. If the temporarily acceptable limits
are excceded, the portions of the runway that exhibit such roughness shall have
corrective measures taken immediately if aircraft operations are to be continued.



Table 82-1 Runway Surfacc evenness

Minimans acceptable tengih of irregularlty (m)
Surface frvegularify 3 6 9 12 15 20 30 45 60

Maximum surface ircegubarily
. 3 35 4 5 55 6 65 8 10
height (or depth) (cm)

Temporary acceplable surface

irregubarsty height (or depth) (e} 35 35 65 15 3 9 U BB

Note that *“surface irregularity” is defined herein to mean isolated surface elevation
deviations that do not lie along a uniform slope through any given section of a
runway. For the purposes of this concern, a “section of a runway” is defined herein to
mean a segment of a runway throughout which a confinuing general uphiil, downhili
or flat slope is prevalent, The length of this section is generally between 30 and 60
metres, and can be preater, depending on the longiludinal profile and the condition of
the pavement.

The maximum tolerable step type bump, such as that which could exist between
adjacent slabs, is simply the bump height cotresponding to zero bump length at the
upper end of the lokerable region of the roughness criteria of Flgure S10-3. The
bumyp height at this location is 1.75 cm.



Bump heipht H, cm
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Figure 82-3, Comparison of roughness criteria

Note to figure $2-3. - .- These criteria address single cvent roughness, nol long wayelength harmonic effects nor

the effcet of repetitive surface undulalions.



55

6.1

6.2

6.3

6.4

Deformation of the mmway with time may also increase the possibility of the
formation of water pools, Pools and shallow as approximately 3 mm in depth,
particulacly if they are tocated where they are likely to be encountered at high speed
by landing aeroplanes, can induce aquaplaning, which can then be sustained on a wet
runway by a smaller shallow depth of watcr. Improved guidance regaiding the
significant length and depth of pools relative to aquaplaning is the subject of further
research, 1t is, of course especially necessary to prevent pools from forming whenever
there is possibility that they might become frozen,

Detennination of Surface Friction Characleristics for Construction and Maintenance
Purposes

The guidance in this section deals with the funclional measurement of friction-retated
aspects related to runway construction and maintenarice. Excluded in this section is
the operational, as opposed to functional, measurement of friction for contaminated
runways.

The surface friction characteristics of a paved runway shall be —

(ct) assessed to verify the surface fiiction characteristics of new or resurfaced
paved runways (regulation 70); and

(b assessed periodically in order to determine the slipperiness of paved runways
(Part X111 of these regulations).

The condition of a runway pavement is generally assessed under dry conditions using
a sclf-wetting continuous friction measuring device. Evaluation tests of runway
surface friction characteristics are made on clean surfaces of the runway when first
constructed or after resurfacing.

Note. - Although it is recognized that friction reduces with use, this value will
represent the friction of the relatively long cenfral portion of the yunway that is
unconfaminated by rubber depesits from aircraft operations and is therefore of
operational value, Evaluation tests shall be made on clean surfaces. If it is not possible
to clean a surfuce before testing, then for purposes of preparing an initial report a test
could be made on a portion of clean surface in the central pait of the unway,

Friction tests of existing surface conditions are taken periodically in order to avoid
falling below the minimum friction level specified by the Authority, When the friction
of any portion of a runway is found to be below this value, then such information is
promulgated in a NOTAM specifying which portion of the ruaway is below the
minimum friction level and its location on the mnway. A comrective maintenance
action must be initiated withoul delay. Friction measurements are taken at time
intervals that will ensure the identification of runways in need of maintenance or of
special surface treatment before the condition becomes serious. The time interval and
mean frequency of measurement depend on factors such as: aijreraft type and
frequency of usage, climatic conditions, pavement type, and pavement service and
mainienance requirements. (As determined by the Authority).



6.5

6.6

6.7

6.8

7.1

Friction measurements of existing, new or resurfaced mumvays are made with a
continwous friction measuring device provided with a smooth fread tire. The device
shall usc sclf-wetting [eatures fo allow measurements of the surface friction
characteristics to be made at a water depth of at least T mm.

When it is suspected that the friction characteristics of a runway may be reduced
because of poor drainage, owing to inadequate slopes or depressions, then an
additional mecasurement is made, but this time under natural conditions representative
of a local rain, This measurement differs from tlie previous one in that water depths in
the poorly cleared areas are normally greater in a local rain condition. The
measurement results arve thus more apt to identify problem areas haviag low friction
values that could induce aquaplaning than the previous test, If circunstances do not
permit measurcments to be conducted during natural conditions representative of a
rain, then this condition may be simulated. (See Section 7}

When conducting friction tests using a self-wetting continuous [riction measuring
device, it is important to note that a wet runway produces a drop in friction with an
increase in speed. However, as the speed increases, the rate at which the friction is
reduced becomes less. Among the factors affecting the friction coefficient between
the tire and the runway sotface, texture is particularty important. If the runway has a
good macro-texture allowing the water to escape beneath the tire, then the friction
value will be less aftected by speed. Conversely, a low macro-texture surface will
produce a larger drop in friction with inerease in speed.

These Regulations require the Authority to specify a minimum friction level below
shich corrective maintenunce action shall be taken. As criteria for swface [riction
characteristics of new or resurfaced runway surfaces and its maintenance planning,
the Authority is required to establish a maintenance planning level below which
appropriate corrective maintenance action shall be initiated to improve the friction.
The Authority has provided guidance on establishment, maintenance, planning and
minimum friction levels for cunway swrfaces in use which shall apply.

Drainage Chatacteristics of the Movement Area and Adjacent Areas

General

7.1.1 Rapid drainage of surface water is a primary safety consideration in the
design, construction and maintenance of the movement arca and adjacent
areas. The objective is to minimize water depth on the surface by draining
water off the runway in the shortest path possible and particularty out of the
area of the wheel path. There are two distinct drainage processes taking place.

7.1.2 Natural drainage of the surface water from the top of the pavement surface
until it reaches the final recipient such as rivers or other water bodies,

7.1.3  Dynamic drainage of the surface water trapped under a moving tire until it
reaclics outside the tire-to ground contact arca.



7.2

7.3

7.14

Both processes can be controlled through —
(a) design;
') consttuction; and

(c) maintenance,

of the pavements in order to prevent accumulation of water on the pavement

surface,

Design of pavement

7.2.1

7.22

Surface drainage is a basic requirement and serves to minimize water depth on
the surface. The objective is to drain water off the runway in the shortest path.
Adequate surface drainage is provided primarily by an appropriately sloped
surface (in both fhe longitudinal and transverse directions). The resulting
combined longilndinal and transverse slope is the path for the drainage runoff,
This path can be shortened by adding transverse grooves.

Dynamic drainage is achieved through built-in texture in the pavement
surface. The rolling tire builds up water pressure and squeezes the water out
the escape channels provided by the texture. The dynaniic drainage of the tire-
to-ground comtact area may be improved by adding transvetse grooves
provided that they are subject to rigorous maintenance,

Construction of pavement

1.3.1

7.3.2

7.3.4

7.3.5

Through consiruction, the drainage characteristics of (he surface are built into
the pavement. These surface characteristics are —

(@) slopes;

(h texiure:

() niicrotexture; and
(c} macrotexture,

Slopes for the various parts of the movement area and adjacent paris are
described in Part VI of these regulations and figures are given in percentage.

Texture in the literature is deseribed as microtexture or macrotexture. These
terms are understood differently in various parts of the aviation industry,

Microtexture is the texture of the individual stones and is hardly detectable by
the eye. Microtexture is considered a primary component in skid resistance at
slow speeds. On a wet surface at higher speeds a water film may prevent direct
contact belween the surface asperities and the tire due to insufficient drainage
from the tire-10-ground contact area.



7.3.6 Microtexture is a built-in quality of the pavement surface. By specifying
crushed wmaterial that will withstand polishing microtexture, drainage of thin
waterfiims are ensured for a longer period of time. Resistance against
polishing is expressed in terms of the Polished Stone Values (PSV) which is in
ptinciple a value obtained from a fiiction measurement in accordance with
international standards, These standards define the PSV minima that will
enable a material with a good microtextuse to be selected.

7.3.7 A major problem with microtexture is that it can change within short time
periods without being easily detected. A typical example of this is the
accumulation of mbber deposits in the touchdown area which will largely
mask microtexture without necessarily reducing macrotexture.

7.3.8  Macrotexture is the texture among the individual stones. This scale of texture
may be judged approximately by the eye. Macrotexture is primarily created by
the size of aggregate used or by surface treatment of the pavement and is the
major factor influeneing drainage capacity at high speeds, Materials shall be
selected so as 1o achieve good macrotexture.

7.39 The primary purpose of grooving a runway surface is to enhance surface
drainage. Natural drainage can be slowed down by surface texture, but
grooving can speed up the drainage by providing a shorter drainage path and
increasing the drainage rate.

7.3.10 For measurement of macrotexture, simple methods such as the “sand and
grease patch” methods described by the Authority through guidance on
pavement surface conditions. These methods were used for the early research
on which current airworthiness requirements are based, which refer to a
classification categorizing macrotexture from A to E. This classification was
developed, using sand or grease patch measuring techniques, and jssued in
1971 by the Engineering Sciences Data Unit (ESDU) as shown in table S10-2
below.

Table $2-2Runway classification based on textwre information from ESDU 71026

Classification Texture depths (mny)
A ‘ 0.10-0.14 )
B 0.15-0.24
C 0.25-0.50
D 0.51-1.00
1.01 —-2.54

e |




7.3.11 Using this classification, the threshold value between micro texture and
macrotexture is 0.1 mm mean texture depth (MTD). Related to this scale, the
normal wet runway aireraft performance is based upon texture giving drainage
and friction qualities midway between classification B and C (0.25 mm).
Improved drainage through better texture might qualify for a better aircraft
performance class. However, such credit must be in accordance with acroplane
manufacturers’ documentation and agreed by the Authority, Presently credit is
given to grooved or porous friction course runways following design,
construction and maintenance criteria acceptable to the Authority, The
harmonized certification standards of some States refer to texture giving
drainage and friction qualities midway between classification D
and E (1.0mm).

7.3.12 For construction, design and maintenance, States use various intcrnational
standards, Currently ISO 13473-1: Characterization of pavement texiure by
use of surface profiles — Part 1: Determination of Mean Profile Depth links
the volumetric measuring technique with non-contact profile measuring
techniques giving comparable texture values. These standards describe the
threshold value between micro fexture and macrotexture as 0.5 mm. The
volumetric method has a validity range from 0.25 to 5 mm MTD. The
profilometry method has a validity range from 0 to 5 mm mean profile depth
(VIPD). The values of MPD and MTD differ due to the finite size of the glass
spheres used in the volumetric technigue and becanse the MPD is derived
friom a two-dimensional profile rather than a three-dimensional surface.
Therefore, a transformation equation must be established for the measuring
equipment used to relate MPD to MTD.

7.3.13 The ESDU scale groups runway surfaces based on macrotexture from A
through E, where E represents the surface with best dynamic drainage
capacity. The ESDU scale thus reflects the dynamtic drainage characteristics of
the pavement. Grooving any of these surfaces enhances the dynamic drainage
capacity. The resulting drainage capacity of the surface is thus a function of
the texture (A through E) and grooving. The contribution from grooving is a
function of the size of the grooves and the spacing between the grooves.
Aerodromes exposed to heavy or torrential rainfall must ensure that the
pavement and adjacent areas have drainage capability to withstand these
rainfalis or put Himitations on the use of the pavements under such extreme
situations. These airports shall seek to have the maximum allowable siopes
and the use of aggregates providing good drainage characteristics, They shall
also consider grooved pavements in the E classification to ensure that safety is
not impaived.

Maintenance of drainage characteristics of pavement

8.1 Macrotexture does not change within a short timespan but accumulation of
rubber can fill up the texture and as such reduce the drainage capacity, which
can result in impaired safety. Furthermore, the runway structure may change
over time and give unevenness which results in ponding after rainfall.
Guidance on rubber removal and unevenness can be found in the in the
guidance on pavement surface conditions developed by the Authority.



Guidance on methods for improving surface texture can be found in the
guidance material on pavements developed by the Authority.

8.2  When grooving's are used, the condition of the grooves shall be regularly
inspected to ensure that no deterioration has occurred and that the grooves are
i good condition. Guidance on pavement surface conditions, maintenance of
puvements, Airport Maintenance Practices and the Aerodrome Design have
heen developed by the Authority.

8.3  The pavenent inay be shot blasted in order to cnhance the pavement
macrotexture.

9. STRIPS
9.1  Shoulders
9.1.1 The shoulder of a runway or stop way shall be prepared or constructed

be

80 as to minimize any hazard to an aeroplane running off the ronway or
stop way. Some guidance is given in the following paragraphs on certain
special problems which may arise, and on the further question of
measures to avoid the ingestion of loose sfones or ather objects by
turbine engines.

9.1.2  In some cascs, the bearing strength of the natural ground in the strip
may be sufficient, withont special preparation, to meet the
requirements for shoulders. Whete special preparation is necessary, the
method used will depend on local soil conditions and the mass of the
aeroplanes the mnway is intended to serve. Soil tests will help in
determining the best method of improvement (e.g. drainage,
stabilization, surfacing, and light paving),

9,13 Attention shall also be paid when designing shoulders to prevent the
ingestion of stones or other objects by turbine engines. Similar
considerations apply here to those which are discussed for the margins
of taxiways in the guidance on taxiways and runways developed by the
Authority both as fo the special measures which may be necessary and
as to the distance over which such special measures, if required, shall
taken,

9.1.4  Where shoulders have been treated specially, either to provide the
required bearing strength or fo prevent the presence of stones or debris,
difficulties may arise because of a lack of visual contrast between the
rnway surface and that of the adjucent steip. This difficulty can be
overcome either by providing a good visual contrast in the surfacing of
the rumway or strip, or by providing a runway side stripe marking.

9.2 Objects on strips

9.2.1

Within the general avea of the sirip adjacent to the runway, measutes shall be
taken to prevent an aeroplanc’s wheel, when sinking into the ground, from
striking a hard vertical face. Special problems may arise for runway light
fittings or other objects mounted in the strip or at the intersection with a



9.3

taxiway or another rumway. In the case of construction, such as runways or
taxiways, where the surface must also be flush with the swip surface, a vertical
face can be eliminated by chamfering from the top of the construction to not
less than 30 cm below the strip surface level. Other objects, the functions of
which do not require them to be at surface level, shall be buried to a depth of
not less than 30 cm,

Gratling of a strip for precision approach runways

9.3.1

Regulation 73 recconunends that the portion of a strip of an instrument runway
within at least 75 m from the cenire line shall be graded where the code
number is 3 or 4, For a precision approach runway, it may be desirable to
adopt a greater width where the code munber is 3 or 4. Figure S10-4 shows the
shape and dimensions of a wider strip that may be considered for such a
runway. This srip has been designed using information on aircraft running off
ranways. The portion to be graded extends to a distance of 105 m from the
centrc line, cxcept hat the distance is gradually reduced 1o 75 m from the
centre line at both ends of the strip, for a length of 150 m from the runway
end.
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Figure $2-4. Graded portion of a strip including a precision appreach rumeay where the code number

10,
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Runway end safety areas

10.1

Where a runway end safety area is provided in accordance with Part 1X of
these regulalions, considcralien shall be given to providing an area long
enough to contain overruns and undershoots resulting from a reasonably
probable combination of adverse operational factors. On a precision approach
runway, the ILS localizer is normally the first upstanding obstacle, and the
runway end safety area shall extend up to this facility. In other circunstances,
the first upsianding obstacle may be a road, a railroad or other constructed or
natural fealure. The provision of a runway end safety area shall take such
obstacles into consideration.



10.2

10.3

10.4

10.5

10.6

10.7

Where provision of a runway end safety area would be particularly prohibitive
to implement, consideration would have to be given to reducing some of the
declared distances of the ronway for the provision of a runway ond safety arca
and installation of an arresting system,

Rescarch programmes, as well as cvaluation of actual aireraft overruns into
arresting systems, have demonstrated that the performance of some arresting
systems can be predictable and effective in arvesting aitcraft overruns.

Demonstrated petformance of an arresting system can be achieved by a
validated design method, which can predict the performance of the system.
The design and performance shall be based on the type of aireraft anticipated
to use the associated runway that imposes the greatest demand upon the
arresting system,

The design of an amresting system must consider mulliple aircraft parameters,
including but not limited to, allowable aircraft gear foads, gear configuration,
tirc contact pressure, aireraft contre of gravity and aircraft speed.
Accommodating undershoots must also be addressed. Additionally, the design
must allow the safe operation of fully loaded rescue and fire fighting vehicles,
including their ingress and egress.

The information relating to the provision of a runway end safely area and the
presence of an amesting system shall be published in the AIP.

Additional information is contained in the guidance on aerodrome design on
runways.
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Figure $2-5. Runway end safety area for a runway where the code number is 3 or 4
1L Location of threshold
It.I  General

11.1.1 The threshold is normally focated at the extremity of a runway, if there
are ho obstacles penetrating above the approach surface. In some
cases, however, due to local conditions it may be desirable to displace



12,

the threshold permanently (see below). When studying the location of
a threshold, consideration shall also be given to the height of the ILS
reference datum and/or MLS approach reference datum and the
determination of the obstacle clearance limits, (Specifications
concerning the height of the ILS reference datum and MLS approach
reference datum are given in Civil Aviation Radio Navigation Aids
Regulations as amended.

11.1.2 In determining that no obstacle penetrate above the approach surface,
account shall be taken of mobile objects (vehicles on roads, trains, etc.)
at least within that portion of the approach area within 1 200 m
longitudinally from the threshold and of an overall width of not less
than 150 m.

Displaced threshold

12.1

12.2

12.3

12.4

12.5

If an object extends above the approach surface and the object cannat be
removed, consideration shall be given to displacing the threshold permanently.

To mect the obstacle limitation objectives of Part VII of these regulations, the
threshold shatl ideally be displaced down tha runway for the distanco
lhecessary to provide that the approach surface is cleared of obstacles.

However, displacement of the threshold from: the runway extremity will
inevitably cause reduction of the tanding distance available, and this may be of
greater operational significance than penctration of the approach surface by
marked and lighted cbstacles. A decision to displace the threshold, and the
extent of such displacement, shall therefore have regard to an optimum
balance between the considcrations of clear approach surfaces and adequate
landing distance. In deciding this question, account will need to be taken of
the types of aeroplanes which the runway is intended to serve, the limiting
visibility and cloud base conditions under which the runway will be vsed, the
position of the obstacles in relation to the threshold and extended centre line
and, in the case of a precision approach runway, the significance of the
obstacles to the determination of the obstacle clearance limit.

Notwithstanding the censideration of landing distance available, the sclected
position-for the threshold shall not be such that the obstacle-free surface to the
threshold is steeper than 3.3 per cenl where the code number is 4 or steeper
than.5 percent.where the code number is 3.

In the event of a threshold being located according to the criteria for obstacle-
free surfaces in the preceding paragraph, the obstacle marking requirements
shall continue fo be met in relation to the displaced threshold.



13. Approach lighting systems

13.1

13.1.1

13,12

13.1.3

Types and characteristics

The specifications in this volume provide for the basic characteristics
for sitple and precision approach lighting systems. For certain aspects
of these systems, some latitude is permitted, for example, in the spacing
between centre line lights and crossbars. The approach lighfing patterns
that have been generally adopted are shown in Figures S10-7 and §$10-8
A diagram of the inner 300 m of the precision approach category II and
111 lighting system is shown on Figure $1-20 in Schedule 1.

The approach lighting configuration is to be provided irrespective of the
location of the threshold, i.c. whether the threshold is at the extremity of
the runway or displaced from the runway extremity. In both cases, the
approach lighting system shall extend up to the threshoid. However, in
the case of a displaced threshold, inset lights are used from the runway
extremity up to the threshold to obtain the specified configuration. These
inset lights are designed to satisfy the structural requirements specified
i regufation 140 and the photometric requirements specified in
Schedule 7, Figure S5-1 or §7-2.

Flight path cnvelopes to be used in designing the lighting are shown in
Figure S2-6.
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14.

15.

Instailation tolerances

14.1

Horizonial
14.1.1 The dimensional tolerances are shown in Figure S2-8,

14.1.2 The centre line of an approach lighting system shall be as coincident as
possible will: the extended centre line of the runway sith a maximum
tolerance of £ 15,

14.1.3 The longitudinal spacing of the centre line lights shall be such that one
light {or group of lights) is located in the centre of each crossbar, and
the intervening centre line lights are spaced as evenly as practicable
between two crossbars or a crossber and a threshold.

14.1.4 The crossbars and barreties shall be at right angles to the centre line of
the approach lighling system with a tolerance of & 30/, if the pattern in
Figure 810-8 {A) is adopted or = 29, if Figure $10-8 (B) is adopted.

14.1.5 When a crossbar has to be displaced from its standard pesition, any
adjacent crossbar shall, where possible, be displaced by appropriate
amounts in ordey to reduce the differences in the crossbar spacing.

t4.1.6 When a crossbar in the system shown in Figure S10-8 (A) is displaced
from its standard position, its overall length shall be adjusted so that it
remains one twenlicth of the actual distance of the crosshar from the
point of origin. It is not necessary, however, to adjust the standard 2.7
m spacing hetween the crossbar lights, but the crossbars shalt be kept
syminetrical about the centre line of the approach lighting,

Vertical

15.1

152

153

The ideal arrangement is fo mouat all tire approach lights in the horizontal
planc passing through the threshold (see Figure S10-9), and this shall be the
general aim as far as local conditions permit. However, buildings, trecs, etc.,
shatl not obscure the lights trom the view of a pilot who is assumed to be |
degree below the electronic glide path in the vicinity of the outer marker.

Within a stop way or clearway, and within 50 m of the end of a runway, the
lights shall be mounted as near to the ground as local conditions permit in
ordet to minimize risk of damage 10 aeroplanes in the event of an overrun ot
undershoot. Beyend the stop way and cleanway, it is not so necessary for the
tights to be mounted closc to the ground and thercfore undulations in the
ground contours can be compensated for by mounting the lights on poles of
appropriate height.

it is desirable that the lights be mounted so that, as far as possible, no object
within a distance of 60 m on cach side of the centre line protrudes threugh the
plane of the approach lighting system. Where a tall object exists within 60 m
of the centre line and within 1 350 m from the threshold for a precision
approach lighting system, or 900 m for a simple approach lighting system, it



15.4

15.5

may be advisable to install the lights so that the plane of the outer half of the
pattern clears the top of the object.

In order to avoid giving a misleading impression of the plane of the ground,
the lights shall not be mounted below a gradient of 1 in 66 downwards fiom
the threshold to a point 300 m out, and below a gradient of [ in 40 beyond the
300 m point. For a precision approach category IT and IIT lighting system,
more stringent criteria may be necessary, e.g. negative slopes not permitted
within 450 m of the threshold.

Centre line - The gradients of the centre linc in any scction (including a stop
way or clearway) shall be as small as practicable, and the changes in gradients
shall be as few and small as can be arranged and shall not exceed 1 in 60.
Experience has shown that as one proceeds outwards from the runway, rising
gradients in any section of up to | in 66, and falling gradients of down to 1 in
40, are acceptable.
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15.6

Crossbars. The crossbar lights shall be so atranged as to lie on a straight line
passing through the associated centre line lights, and wherever possible this
line shall be horizontal. It is permissible, however, to mount the lights on a
transverse gradient not mote than 1 in 80, if this enables crossbar lights within
a stop way ot clearway to be mounted nearer to the ground on sites where
there is a cross-fall.

Clearance of Obstacles

16.1

16.2

163

16.4

16.5

16.6

An area, hereinafter referred to as the light plane, has been established for
obstacle clearance purposes, and all lights of the system are in this plane. This
plane ig rectangular in shape and syminetrically located about the approach
lighting system’s centre line. It starts at the threshold and extends 60 m
beyond the approach end of the system, and is 120 m wide.

No objccts are permitted to exist within the boundaries of the tight plane
which are higher than the light plane except as designated herein. A}l roads
and highways are considered as obstacles extending 4.8 m above the crown of
the road, cxcepl aerodrome service roads whete all vchicular traffic is under
control of the aerodrome authorities and coordinated with the aercdrome
iraffic control towsr, Railroads, regardless of the amount of traffic, ave
considered as obstacles extending 5.4 m above the lop of the vails.

It is recognized that some components of electronic landing aids systems, such
as reflectors, antennas, monitors, etc., must be installed above the light plane.
Every effort shall be made to relocate such components outside the boundaries
of the light plane, In the case of reflectors and monitors, this can be done in
many instances,

Where an ILS localizer is installed within the light plane boundaries, it is
recognized that the localizer, or screen il used, must extend above the light

plane. In such cases the height of these structures shall be held to a minimum
and they shall be located as far from the threshold as possible. In general, the
mie regarding permissible heights is 15 em for each 30 m the siructure is
located from the threshold. As an example, if the localizer is located 300 m
from the threshold, the screen will be permitted to extend above the plane of
the approach lighting system by 10 x 15 = 150 ¢m maximum, but preferably
shall be kept as low as possible consistent with proper operation of the ILS.

Objects existing within the boundaries of the light plane, requiring the light
planc to be raised in order to mect the critetia contained herein, shall be
removed, lowered or relocated where this can be accomplished more
econoinically than raising the light plane.

In some instances, objects may exist which cannot be removed, lowered or
relocated economically. These objects may be located so close to the threshold
that they cannot be cleared by the 2 per cent slope. Where such condilions
exist and no alternative is possible, the 2 per cent slope may be exceeded or a
“stair step” resorted to in order to keep the approach lights above the objects.
Such “step” or increased gradients shall be resorted to only when it is
itnpracticable to follow standard slope criteria, and they shall be held to the



absolute minimum. Under this criferion no negative slope is permitted in the
outermost portion of the system.

17.  Consideration of the effects of reduced lengths

17.}

17.2

173

The need for an adequate approach lighting system to support precision
approaches where the pilot is required to acguire visual references prior to
landing, cannot be stressed too strongly. The safety and regularity of such
operations is dependent on this visnal acquisition, The height above mnway
threshold at which the pilot decides there are sufficient visual cues to continue

. the precision approach and land will vary, depending on the type of approach

being conducted and other factors such as meteorological conditions, ground
and airborne equipment, ete. The required length of approach lighting system
which will support all the variations of such approaches is 500 m, and this
shall abways be provided whenever possible,

However, there are some runway locations where it is impossible to provide
the 900 m length of approach lighting system to support precision approaches.

In such cases, every effort shall be made to provide as much approach lighting
system as possible, The authority may impose restrictions on operations to
runways cquipped with reduced lengths of lighting. There are many factors
which detenmine at what height the pilot must have decided to continue the
approach to land or execute a missed approach. Tt must be undcrstood that the
pilot does not make an instantaneous judgment upon reaching a specified

~ height. The actual decision lo continue the approach and landing sequence is

an accumnulative process which is only concluded at the specified height,
Unless lights are available prior to reaching the decision point, the visual
assessment process is impaired and the likelthood of missed approaches will
increase substantially, There are many operational considerations which must
be taken into account by the appropriate authorities in deciding if any
restrictions are necessary to any precision approach and these are detailed in
Civil Aviation Aircraft Operations regulation as amended.

18.  Priority of installation of visuai approach slope indicator systems

18.1

it has been found impracticable to develop guidance material that will permit a
completely objective analysis to be made of which rnway on an aerodrome
shall receive first priority for the installation of a visval approach slope
indicator system. However, factors that must be considered when making such
a decision are — :

fa) frequency of use;

(b) seriousness of the hazard,

{c)  presence of other visual and non-visual aids;

(d) type of aeroplanes using the tunway; and



18.2

18.3

(g} frequency and type of adverse weather conditions under which the
runway will be used,

With respect to the seriousness of the hazard, the order given in the application

specifications for a visual approach slope indicator system, may be used as

a general guide. These may be summarized as —

(a) inadequate visuat guidance because —

(1) approaches over water or featureless terrain, or absence of
sufficient extraneous light in the approach area by night, or

(i}  deceptive ssurounding terrain;
{b}  serious hazard in approach;
{c)  serious hazard if acroplanes undershoot or overrun; and
(d}  unusual turbulence.

The presence of other visual or non-visual aids is a very important factor.
Runways equipped with ILS or MLS would generally receive the lowest
priority for a visual approach slope indicator system installation. 1t must be
remembered, though, that visual approach slope indicator systems arc visual
approach aids in their own right and can supplement electronic aids, When
serious hazards exist and/or a substantial number of aeroplanes not equipped
for ILS or MLS use a runway, priority might be given fo installing a visual
approach slope indicator on this runway.

18.4  Priorify shall be given to runways used by twbojet aeroplanes.

19. Lighting of unscrviccable arcas

19.1

Where a temporarily unserviceable area exists, it may be marked with fixed-
red lights. These lights shall mark the most potentially dangerous exiremitics
of the avea. A minimum of four such lights shall be used, except where the
area is triangular in shape where a minimum of three lights may be employed.
The number of lights shall be increased when the area is large or of wnusual
configuration. At teast one light shall be installed for each 7.5 m of peripheral
distance of the arca, Il the lights are direetional, they shall be orientated so that
as far as possible their beams are aligned in the direction from which aircraft
or vehicles will approach. Where aireraft or vehicles will normally approach
from several directions, consideration shall be given to adding extea lights or
using omwnidirectional lights to show the area from these directions.
Unserviccable arca lights shall be frangible. Their height shall be sufficiently
low to preserve clearance for propellers and for engine pods of jet aircrafi.



20.

21.

Rapid exit taxiway indicator lights (RETILs)

20.1

20.2

20.3

Rapid exit taxiway indicator lights (RETILs) comprise a set of yellow
unidirectional lights installed in the runway adjacent to the centre line.
The lights are positioned in a 3-2-1 sequence at 100 m intervals prior to the
point of tangency of the rapid exil taxiway ccatre line. They are intended to
give an indication to pilots of the location of the next available rapid exit
taxiway.

In low visibility conditions, RETILs provide usefutl situational awareness cues
while allowing the pilot fo concentrate on keeping the aircraft on the runway
centre line.

Following a landing, runway occupancy time has a significant effect on
achievable runway capacity. RETILs allow pilots to maintain a good roil-out
speed until it is necessary to decelerate to an appropriate speed for the turn
into a rapid exit turn-off. A roll-out speed of 60 knots until the first RETIL
(three-light batrette) is reached is seen as the optimum,

Intensity control of approach and runway lights

21.1

21.2

213

The conspicuity of a light depends on the impression received of contrast
between the light and its background. If a light is to be useful to a pilot by day
when on approach, it must have an intensity of at lcast 2 000 or 3 000 cd, and
in the case of approach lights and infensity of the order of 20 600 cd is
desirable. In conditions of very bright daylight fog it may not be possible to
provide lights of sufficient intensity to be effective. On the other hand, in
clear weather on a dark night, an intensity of the order of 100 cd for approach
lights and 56 cd for the runway edge lights may be found suitable. Even then,
owing to the closer range at which they are viewed, pilots have sometimes
complained that the runway edge hights seemed unduly bright.

In fog the amount of light scattered is high. At night this scattered light
increases the brightness of the fog over the approach area and runway to the
extent that little increase in the visual range of the lights can be obtained by
imcreasing their intensity beyond 2 000 or 3 000 ¢d. In an endeavour to
increase the range at which lights would first be sighted at night, their intensity
must not be raised to an extent that a pilot might find excessively dazzling at
diminished range.

From the foregoing will be cvident the importance of adjusting the intensity of
the lights of an aerodrome lighting system according to the prevailing
conditions, 50 as to obtain the best results without excessive dazzle that would
disconcert the pilot. The appropriate intensity setting on any particular
occasion will depend both on the conditions of background brightness and the
visibility. Detailed guidance material on selecting intensity setting for different
conditions is given in the guidance on Aerodrome Visual Aids developed by
the Authority.



22.

22.1

23,

Stgnal area

A signal area need be provided only when it is intended to use visual ground signals
to communicate with aircraft in flight. Such signals may be needed when the
aerodrome docs not have an aerodrome control tower or an aerodrome flight
information service unit, or when the aerodrome is used by aeroplanes not cquipped
with radic. Visual ground sighals may also be usetul in the case of failure of two-way
radio communication with aircraft, It shall be recognized, however, that the type of
information which may be conveyed by visual ground signals shall normally be
available in AIPs or NOTAM. The potential need for visual ground signals shall
thercfore be cvaluated before deciding to provide a signal area.

Rescue and firefighting services

23.1  Administralion

23.1.1 The rescue and firefighting service at an acrodrome shall be under the
administrative control of the aerodrome management, which shalf also
be responsible for ensuring that the service provided is organized,
equipped, staffed, trained and operated in such a manner as to fulfill its
proper functions,

23.1.2 In drawing up the detailed plan for the conduct of scarch and rescue
operations (Civil Aviation Aeronaufical Searck and Rescue
Regulations) the aerodrome management shall coordinate its plans
with the relevant rescue coordination centres to ensure that the
respective limits of their responsibilities for an aircraft accident within
the vicinity of an acrodrome are clearly delincated.

23.1.3 Coordination between the rescue and firefighting service at an
acrodrome and public protective agencies, such as local fire brigadc,
police force, coast guard and hospitals, shall be achieved by prior
agrecment for assistance in dealing with an aiveraft accident.

23.1.4 A grid map of the aerodrome and its immediate vicinity shall be
provided for the use of the acrodreme services concerned. Information
concerning topography, access roads and location of water supplies
shall be indicated. This map shall be conspichously posted in the
control tower and fire station and available on the rescue and fire
fighting vehicles and such other supporting vehicles required to

. respond to an aircraft accident or incident, Copies shall also be
distributed to public protective agencies as desirable.

23.1.5 Coordinated instructions shall be drawn up detailing  the
responsibilities of all concerned and the action lo be taken in dealing
with emergencies. The Airport Operator shall ensure that such
instractions are promulgated and observed.



24, Training

24.1

The training curriculum shall include initial and recurrent instruction in at
least the following areas —

@
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®
)
(¥
(i
*)

@

airport familiarization;
gircraft familiarization;
rescuc and fircfighiing personnel safety;

emergency conumunications systems on the acrodrome, including
aircrafl fire related alarms;

use of the fire hoses, nozzles, turrets and other appliances required
for compliance with regulation 234

application of the types of extinguishing agents required for
compliance with regulation 226,

emergency aireraft evacuation assistance;
fire fighting operations;

adaptation and use of structural rescue and firefighting equipment for
aireraft rescue and fire fighting;

dangerous goods;

familiarization with fire fighters’ duties under the aerodrome
emergency plan; and

protective clothing and respiratory protection.

25.  Level of protection to be provided

25.1

25.2

In accordance with regulation 46, aerodromes shall be categorized for rescue
and firefighting purposes and the level of protection provided shall be
appropriate to the aerodrome category.

However, regulation 226 permits 3 lower level of protection to be provided for
a limited period where the number of movements of the aeroplanes in the
highest category normally using the aerodrome is less than 700 in the busiest
consecutive three months, It is important to note that the concession included
in regulation 226 is applicable only where there is a wide range of difference
between the dimensions of the aeroplanes included in reaching 700
movements.



26.  Rescue equipment for difficult cnvironments

26,1

26.2

26.3

264

26.5

Suitable rescue equipment and services shall be available at an aerodrome
where the area to be covered by the service includes water, swampy areas

or other difficult environment that cannot be fully served by conventional
wheeled vehicles, This is particularly important where a significant portion of
approach/departure operations takes place over these areas.

The rescue equipment shall be carried on boats or other vehicles such as
helicopters and amphibious or air cushion vehicles, capable of operating in the
area concerned. The vehicles shall be so located that they can be brought into
action quickly to respond to the areas covered by the service.

At an aerodrome bordering the water, the boats or other vehicles shall
preferably be located on the aerodrome, and convenient launching or docking
sites provided. If these vehicles are located off the aerodrome, they shall
preferably be under the control of the aerodrome rescue and firefighting
service or, if this is not practicable, under the control of another competent
public or private organization working in close coordination with the
aerodrome rescue and fire fighting service (such as police, military services,
harbour patrel or coast guard).

Boats or other vehicles shall have as high a speed as practicable so as to reach
an accident site in minimum time. To reduce the possibility of injury during
rescue operations, water jet-driven boats are preferred 1o water propeller
driven boats unless the propeliers of the fatter boats are ducted. Shall the water
areas to be covered by the service be frozen for a significant period of the
year, the equipment shall be selected accordingly. Vehicles used in this service
shall be equipped with life rafts and life preservers related to the requirements
of the larger aircraft normally vsing the aerodrome, with two-way radio
communication, and with floodlights for night operations. If aircraft
operations during periods of low visibility are expected, it may be necessaty to
provide guidance for the responding emergency vehicles,

The personnel designated to operate the equipment shall be adequately trained
and drilled for rescue services in the appropriate environment,

27.  Yacilities

27.1

The provision of special telephone, two-way radio communication and general
alarm systems for (he rescue and firefighting service is desirable to ensure the
dependable transmission of essential emergency and routine information ~

(@} direct communication between the activating authority and the
aerodrome fire station in order to ensure the promipt alerting and
dispatch of rescue and firc fighting ;

{6} vehicles and personnel in the event of an aircraft accident or incident;

(c) emergency signals 1o ensure the immediatc summoning of designated
personnel not on sfandby duty;



(d) as necessary, sunmmoning essential refated services on or off the
aerodrome; and

(e) maintaining communication by mcans of two-way radio with the
rescue and fire fighting vehicles in attendance at an aircraft accident or
incident.

27.2 The availability of ambulance and medical facilities for the removal and after-
carc of casualties arising from an aireraft accident shall receive the careful

consideration of the aerodroine operator and shatl form part of the overall
emergency plan established to deal with such emergencies.

28. Operators of vehicles
28.1  The authoritics responsible for the operation of vehicles on the movement area
shall ensure that the operators ave properly qualified. This may include, as
appropriate to the driver’s function, knawledge of —
(a)  the geography of the aerodrome;
(b)  aerodrome signs, markings and lights;
{c) radiotelephone operating procedures;
(d)  terms and phrases used in aerodrome control including the ICAO
spelling alphabet;
{e)  rules of air traffic scrvices as they relate to ground operations;

/] aitport rules and procedures; and

{g)  specialist functions as required, for example, in rescue and fire
fighting.

28.2  The operator shall be able to demonstrate competency, as appropriate, in —
() the operation or use of vehicle transmit/receive equipment;

(b  understanding and complying with air traffic control and local
procedures;

fc) vehicle navigation on the aerodrome; and
(4 special skills required for the particular function.
In addition, as required for any specialist function, the operator shall be the holder of

a driver’s license issued by the state, a radio operator’s license issued by the Aufhorily
or other licenses approved by the Authority.



28.3

284

29.

The above shall be applied as is appropriate to the function te be performed by the
operator and it is not necessary that all operators be trained to the same [ovel, for
example, operators whose [unctions are restricted to the apron.

If speeial procedures apply for operations in low visibility conditions, it is desirable to
verify an operator’s knowledge of the procedutes through periodic checks,

The ACN-PCN method of reporting pavement strength

29,1 Overload operations

29.1.1 Overicad of pavements can result either from loads too large, or from a

substantially increased application rate, or both. Loads larger than the defined
{design or evaluation) load shorten the design life, whilst smaller loads extend
it. With the exception of massive overloading, pavements in their structural
behaviour are not subject o a particular imiting load above which they
suddenly or catastrophically fail. Behaviour is such that a pavement can sustain
a definable load for an expected number of repetitions during its design life. As
a result, occasional minor over-loading is acceptable, when expedient, with only
limited loss in pavement life expectancy and relatively small acceleration

of pavement deterioration. For those operalions in which magnitude of overload
and/or the frequency of use do not justify a delailed analysis, the following
criferia are sugpested —

{a} for flexible pavements, occasional movements by aircraft with ACN
not cxcecding H) per cent above the reported PCN shall not adversely
affect the pavemetit;

(b}  for rigid or composite pavements, in which a rigid pavement layer
provides a primary element of the structure, accasional movements by
aircrall with ACN not exceeding 5 per cent above the reported PCN
shall not adversely affect the pavement,

(c) if the pavement structure is unknown, the 5 per cent limitation shalil
apply; and

(d) the annual number of overload moevements shall not exceed
approximalely 5 per cent of the total annual aircraft movements,

29.1.2 Such overload movements shall not normally be permiticd on pavements
exhibiting signs of distress or failure. Fwthermore, overloading shall be
avoided during any periods of thaw following frost penctration, or when the
strength of the pavement or its sub-grade could be weakened by water, Where
overload operations are conducted, the appropriate autherity shall review the
relevant pavement condition regularly and shall also review the criteria for
overload operations pericdically since excessive repetition of overloads can
cause severe shortening of pavement life or require major rehabilitation of
pavement,



292  ACN for several aircraft types

29.2,1 For convenience, several aircraft types curresntty in use have been evaluated
on rigid and flexible pavements founded on the four sub-grade strength
categorics these regulations and the results tabulated in the guidance on
Pavements developed by the Authority.

30.  Autonomous runway incursion warning sysicm (ARTWS)

30.1

General Description

30.1.1

30.1.2

30.13

30.14

The operation of an ARIWS is based upon a surveillance system which
monitors the actual situation on a runway and automaticatly retusns
this information to warning lights at the rumway (take-off) threshoids
and entrances. When an aircraft is depatting from a runway (rolling) or
arriving at a4 runway {short final}, red warning lights at the entrances
will illuminate, indicating that it is unsafe to enter or cross the runway.,
When an aircraft is aligned on the runway for take-off and another
aircraft or vehicle enters or crosses the runway, red warning lights will
illuminate at the threshold area, indicating that it is unsafe fo statt the
takc-off roll.

In general, an ARIWS consists of an independent survetilance system
{primary radar, multilateration, specialized cameras, dedicated radar,
etc.) and a warning system in the form of exfra airfield lighting
systems connected through a processor which generates alerts
independent from ATC dircctly to the flight crews and vehicle
operators.

An ARTWS does not require cireuit interleaving, sccondary power
supply or aperational connection to other visual aid systems.

In practice, not every entrance or threshold needs o be equipped with
warning lights. Each aerodrome will have to assess its needs
individually depending on the characteristics of the aerodrome.
There are several systems developed offering the same or similar
functionality.

31.  Flight crew actions

31.1.

Tt is of critical importance that flight erews understand the warning being
transmitted by the ARIWS system. Warnings are provided in near real-time,

directly to the flight crew because there is no time for “relay” types of
commnunications. In other words, a conflict warning generated to ATS which

must then interpret the waming, evaluate the situation and communicate to the

aircraft in question, would result in several seconds being taken up where each
second is critical in the ability to stop the aitcraft safely and prevent a potential
collision. Pilots are presented with a globally consistent signal which means
“STOP IMMEDIATELY” and must be taught to react accordingly. Likewise,
pilots receiving an ATS cleatance to take-off or cross a munway, and seeing the
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3.4

31.5

red light array, must STOP and advise ATS that they aborted/stopped because
of the red lights.

Again, the criticality of the timeline invelved is so tight that there is no
room for misinterpretation of the signal. 1t is of utmost importance that 1he
visual signal be consistent around the world.

It must also be stressed that the extinguishing of the red lights does not, in
itself, indicate a clcarance to proceed. That clearance is still required from air
traffic control. The absence of red warning fights ouly means that potential
conflicts have not been delected.

In the event thal a system becomes unserviceahle, one of two things will
oceur, If the system fails in the extinguished condition, then no procedural
changes need to be accomplished, The only thing that will happen is the loss
of the antomatic, independent warning system. Both ATS operations and flight
crew procedures (in response lo ATS clearances) will remain unchanged.

Procedures should be developed to address the circumstance where the system
fails in the illuminated condition, It will be up to the ATS and/or acrodrome
operator {o establish those procedures depending on their own circumstances.
It must be remembered that flight crews are instructed to “STOP” at all red
lights, If the affected portion of the system, or the enlite system, is shut off the
situation is reverted to the extinguished scenario described in 20.2.3.

32, Aerodromes

321

32.2

An ARTWS does not have to be provided al all aetodromes. An acrodrome
considering the installation of such a system may wish to assess its needs
individually, depending ot iraffic levels, aerodrome geometry, ground taxi
patterns, etc. Local user groups such as the Local Runway Safety Team
(LRST) can be of assistance in this process. Also, not every runway or
taxiway needs to be equipped with the lighting array(s), and not every
installation rcquires a comprchensive ground surveillance system to feed
information fo the conflict detection computer.

Although there may be local specific requirements, some basic system
requirements are applicable to all ARIWS —

(¢}  the confrol system and energy power supply of the system must be
independent from any other system in use at the aerodrome, especially
the other parts of the lighting system;

(b)  the system must operate independently from ATS communications;

{c) the system must provide a globally accepted visual signal that is
consistent and instantly understood by crews; and

(d) lacal procedures should be developed in the case of malfunction or
failure of a portion of, or the entire system.



33. Air traffic Services

331
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33.5

The ARIWS is designed to be complementaty to normal ATS functions,
providing warnings to flight crews and vehicle operators when some

conflict has been unintentionally created or missed during normal aerodrome
operations, The ARIWS will provide a direct warning when, for example,
ground control or tower (local) control has provided a clearance to hold short
of a runway but the flight crew or vehicle operator has “missed” the hold short
portion of their clearance and tower has issued a take-off or landing clearance
to that same rumvay, and the non-read back by the flight crew or vehicle
operator was Iissed by air traffic control.

In the case where a clearance has been issued and a cres reports a non-
compliance due to “red lights”, or aborting because of “red lights”, then it is
imperative that the controller assess the situation and provide additional
instructions as necessary. It may well be that the system has generated a false
warning ot that the potential incursion no longer exists; however, it may also
be a valid warning. In any case, additional instructions and/or a new clearance
need to be provided. In a case where the system has failed, then procedures
will need to be put into place as described iz 20.2.3,

In no case should the illumination of the ARIWS be dismissed without
confirmation that, in [act, there is no conflict. It is worth noting that there have
been numerous incidents avoided at aerodromes with such systeins installed, It
is also worth noting that there have been false warnings as well, usnally as

a result of the calibration of the watning software, but in any case, the
potential conflict existence or nonexistence must be confirmed,

While many installations may have a visual or audio warning available to ATS
personnel, it is in no way intended that ATS personnel be required to actively
monitor the system. Such wamnings may assist ATS personnel in quickly
assessing the conflict in the event of a warning and help them to provide
appropriate finther instructions, but the ARIWS should not play an active part
in the normal functioning of any ATS facility,

Hach aeradrome where the system is instalfed will develop procedures
depending wpon its nnique situalion. Again, it must be stressed that under no
circumstances should pilots or operators be instructed to “cross the red lights”,
As indicated previously, the use of local runway safety teams can greatly
assist in this developinent process,

34. Promulgation of information

4.1

342

Information on the characteristics and status of an ARIWS at an aerodrome are
promulgated in the AIP section AT} 2.9, and its status updated as necessary
through NOTAM or ATIS in compliance with Regulation 247 of these
Regulations,

Alreraft operators are to ensure that flight crews’ documentation include
procedures regarding ARIWS and appropriate guidance information, in
compliance with the Civil Aviation {Aircraft Operations) Regulations.
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Aerodromes may provide additional sowrces of guidance on operalions and
piocedures for their personnel, aircraft operators, ATS and third-party
personnel who may have to deal with an ARIWS,

35. Taxiway design guidance for minimizing the pofential for ronway incursions

35.1

35.2

353

354

35.6

35.7

Good acrodrome design practices can reduce the potential for runway
incursions while maintaining operating efficiency and capacity. The following
taxiway design guidance may be considered to be part of a runway incursion
prevention programime as a meahs to ensure that mnway incursion aspects are
addressed during the design phase for new runways and taxiways. Within this
focused guidance, the prime considerations are to limit the number of aircraft
or vehicles entering or crossing a runway, provide pilots with enhanced
unobstructed views of the cntire runway, and coirect taxiways identified as hot
spofs as much as possible,

The centre line of an entrance taxiway should be perpendicular to tiie rumway
centre line, whete possible, This design principle provides pilots with an

unobstructed view of the entire runway, in both directions, to confirm that the
runway and approach are ¢lear of conflicting traffic before proceeding towards
the ranway. Where the taxiway angle is such that a clear unobstructed view, in
both directions, is not possible, consideration should be given to providing a
perpendicular portion of the taxiway jmmediately adjacent to the runway to
allow for a full visual scan by the pilots prior to entering or crossing a rumway.

For taxiways intersecting with runways, avoid designing taxiways wider

than recommended in this Regulations. This design principle offers improved
recognition of the location of the runway holding position and the
accompanying sign, marking and lighting visual cues.

Existing taxiways wider than rccommended in this Regulations, can be
rectified by painting taxi side stripe markings to the recommended width. As
far as practicable, it is preferable to redesign such focations property rather
than to repaint such locations,

Multi-taxiway entrances to a runway should be pavallel to each other and
should be distinctly separated by an unpaved area. This design principle
allows each rumway holding location an earthen area for the proper placement
of accompanying sign, marking and lighting visual cucs at cach runway
holding position. Moreover, the design principle eliminates the neediess costs
of building unusable pavement and as well as the costs for painting faxiway
cdge markings to indicate such unusable pavement. ln general, excess paved
arcas at runway holding pesitions reduce the effectivencss of sign, marking
and lighting visual cues.

Build taxiways that cross a runway as a single straight taxiway., Avoid
dividing the taxiway into two after crossing the runway. This design principle
avoids constructing “Y-shaped” taxiways known to present visk of runway
incursions.
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35.10

35.11

35.12

[f possible, avoid building taxiways that enter at the mid-runway location,
This design principle helps to reduce the collision risks at the most hazardous
locations {high energy location) because normally departing aircraft have

foo much energy to stop, but not enough speed to take-off, before colliding
with another errant aircrafl or vehicic,

Provide clear separation of pavement between a rapid exit taxiway and other
non-rapid taxiways entering or crossing a runway. This design principle
avoids two taxiways from overlapping each other to create an excessive paved
area that would confuse pilots entering a runway.

Avoid the ptacement of different pavement materials (asphalt and cement
concrete) at or near the vicinity of the runway holding position, as tar as
practicable. This design principle avoids creating visual conflusion as to the
actual location of the runway holding position.

Many acrodromes have more than onc runway, notably paired parallel
runways (iwo runways on one side of the terminal), which creates a difficuls
problem in that either on arrival or departure an aircraft is required to cross a
runway. Undet such a configuration, the safety objective here is to avoid or at
least keep to a minimum the number of muway crossings. This safety
objective may be achieved by constructing a “perimeter taxiway”. A perimeter
taxiway is a taxi roufe that gocs around the end of a runway, enabling arrival
aircraft (when landings are on outer ranway of a pair} ta get to the terminal, or
departure aircraft (when departures are on outer runway of a pair) to get to the
runway, without either crossing a runway or conflicting with a departing or
approaching aircraft.

A perimeter taxiway would be designed according to the following
criteria —

(a) sufficient space is required between the landing threshold and the
taxiway centre line where it crosses under the approach path to enable
the critical taxiing aircraft to pass under the approach without
penefrating any approach surface;

(b) the jet blast impact of aircraft taking off should be considered in
consultation with aircraft manufacturers; the exient of take-off thrust
should be evaluated when determining the location of a perimeter
taxiway.

() the requirement for a runway end safety area, as well as possible
interference with landing systems and other navigation aids should also
be taken into account. For example, in the casc of an ILS, the perimeter
taxiway should be located behind the localiser antenna, not between
the localiser antenna and the mnway, due to the potential for severe
ILS disturbance, noting that this is harder 1o achicve as the distance
between the localizer and the runway increases.



()  Human factors issues should also be taken into account, Appropriate
measures should be put in place o assist pilots to distinguish between
aivcraft that are crossing the runway and those that are safely on a
perimeter taxiway.

36. Introduction

36.1

Regulation 36, relate fo the provision of aerodrome mapping data,

The aerodrome mapping data features are ceflected and made available to the
Acronautical information services for asrodromes designated by States with
consideration of the intended applications. These applications arc closely tied
to an identified need and operational use where the application of the data
would provide a safety benefit or could be used as mitigation of a safety
concern,

37. Applications

37.1

(@)

(b)

(¢}

(@

(e)
)

37.2

Aerodrome mapping data include aerodrome geographic information that
supports applications which improve the user’s situational awareness or
supplement surface navigation, thereby increasing safety margins and
operational efficiency. With appropriate data element accuracy, these data
sels support collaborative decision-making, common situational awareness and
asrodrome guidance applications, The data sets are intended to be used in the
following air navigation applications —

on-board positioning and route awareness including moving maps with
own aireraft position, surface guidance and navigation;

traffic awareness including surveillance and tunway incursion
detection and alerting (such as, respectively, in A-SMGCS levels 1
and 2);

ground positioning and routc awareness including situational
displays with aircraft and vehicles position and taxi route, surface

guidance and navigation (such as A-SMGCS levels 3 and 4);

facilitation of aerodrome-related aeronautical information, including
NOTAMs;

resource and aerodrome facility management; and
aeronautical chart production.
The data may also be used in other applications such as training/flight

simulators and onboard or ground enhanced vision systems (EVS), synthetic
vision systems (SVS) and combincd vision systems (CVS),

38. Detenmination of Aerodromes to be considered for collection of aerodrome mapping data

features



38.%

1n order to determine which aerodromes may make usc of applications
requiring the collection of aerodrome mapping data features, the following
aerodrome characteristics may be considered —

(a) safety risks st the acrodrome;

(b}  visibility conditions; ~aerodrome layout; and

(c) - traffic density.



SCHEDULE 3
(reg 76 (33, 78, 87 (5))

Shielding Of Obstacles

1, General
1.1, The principle of shielding as applied to obstacles to air navigation may reduce
the necessity for removing obstacles or prohibiting the construction of new
consiructions.

12 Shiclding principles are cmployed when some object, an existing building or
natural tetrain already penetrates above one of the obstacle limitation surfaces.

2. The Principles of Shielding
2.1 If it is considered that the nature of an object is such that its presence may be
described as permanent, the additional objects within a specified area around it
may be permitted to pencirate the surface without being considered as obstacles,
The original obstacle is considered as dominating or shielding the suirounding
area.

22  The formula for shielding shall be based on a horizontal plane projected from
the top of each obstacle away from the runway and a plane with a negative slope
of 10% towards the rumwvay. Any object which is below either of the two planes
would be consideted shielded, The permission to allow objects to penetrate an
obstacle limitation surface under the shielding principle shall however be qualified
by reference to the need for an acronautical study in all cases.

23 The shielding effect of immovable obstacles laterally in approach and take-off
climb shall be more critically considered. It is important to preserve cxisting
unobstrncted cross section areas patticularly when the obstacle is close to the
runway. This wonld guard against future changes in either approach or take-off
clitnb area specifications or the adoption of a turned take-off procedure.

24  An object shall be considered as permanent and immovable obstacle only if,
when laking the longest view possible, there is no prospect of removal being
practicable, possible, ot justifiable, regardiess of how the pattern, type or density
of air operations might change. Generally, an acronautical study will need to be
carried oul lo deternine the cxact cffect the construction of a new object will have
on air operations.

3. Alternative Methods for Assessing Obstacles in Critical Arcas
3.1 The Authority may assess and determine whether an obstacle is shielded, In
assessing whether an existing obstacle shields other obstacles, the Authority may
be guided by the following shiclding practices:
(a) Obstacles in the Take-off climb and Approach Surfaces
An obstacle may be assessed as not imposing additional restrictions if —
(1) when located belween the inner edge end and the critical obstacle, the
obstacle being assessed is below a plane sloping downwards at 10 per
cent from the top of the critical obstacle toward the inner edge;



(b)

(ii} when located beyond the critical obstacle from the inner edge end, the ob-
stacle being assessed is not higher than the height of the permanent obstacle;
and

(iii) where there is more than one critical obstacle within the approach and take-
off climb area, and the obstacle being assessed is located between two criti-
cal ohstacles, the height of (he obstacle being assessed is not above a plane
sloping downwards at 10 per cent from the top of the next critical cbstacle.

Obstacle in the Transitional Surfaces

An obstacle may be assessed as not imposing additional restrictions if it does not
exceed the height of an existing obstacle which is closer to the runway strip and
the obstacle being assessed is located perpendicularly behind the existing obstacte
relative to the runway centre line.
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Figure 83-1 - SHlelding of obstrcles penetrating the approacit and take-off climb sutfaces

{¢) Obstacle in the Horizontal and Conical Surfaces
An obstacle may be assessed as not imposing additional restrictions if it is in the
vicinity of an existing obstacle, and does not penetrate a 10 per ¢ent downward
sloplng conical shaped surface from the top of the existing obslacle i.e. the obstacle
is shielded radially by the existing obstacle.



SCHEDULE 4
(Reg. 96 (1), 102 (3), 103 (10), 169 (9))

Colours for Aeronautical Ground Lights, Matkings, Signs and Pancls

I, General

1.1

12

2. Colours

2.1

The following specifications define the chromaticity limits of colours to be
used for aeronautical ground lights, markings, signs and panels. The
specifications are in accord with the 1983 specifications of the International
Commission on Iflumination (CIE).

It is not possible to establish specifications for colours such that there is no
possibility of confusion. For reasonably certain recognition, it is important that
the eyc illumination be well above the threshold of perception, that the colour
not be greatly modificd by clective atmospheric attenuvations and that the
observer's colour vision be adequate, There is also a risk of comfusion of
colour at an extremely high level of eye illumination such as may be obtained
frem a high-infensity source at very close range. Experience indicates that
satisfactory recognition can be achieved if due attention is given to these
factors. The chromaticities are expressed in terms of the standard observer
and coordinate system adopted by the International Commission on
Illumination {CIE) at its Eighth Session at Cambridge, England, in 1931,

for aeronautical ground lights
Chromaticities

(@) The chromaticities of aeronautical ground lights shall be within the
following boundaries: CIE Equations (see Figure S4-1} -

(i) Red
Purple boundary y = 0.980 ~ x

Yellow boundary y = 0.335, except for visual approach slope
indicator systems

Yellow boundary y = 0.320, for visnal approach slope indicator
systems

(i) Yellow
Red boundary y =0.382

White boundary y = 0.790 — 0.667x

Green boundary y =x—0.120

(iii)  Green

Yellow boundary x = 0.360 — 0.080y
White boundary x = 0.650y



(b

{c)

Blue boundary y-: ¢.39¢ 0.171x

(iv) Blue

Green boundary y  0.805x + 0.065
White boundary y = 0.400 —x

Purpte boundary x -~ 0,600y + 0.133

{v) White

Yellow boundary x = 0,500
Blue boundary x = 0.285
Green bdundary y = 0.440 and y = 0.150 + 0.640x

Purple beundary y = 0.050 + 0.750x and y = 0.382

{vi}  Variable white

Yellow boundary x = 0.255 + 0.750y and y = 0.790 0.667x
Blue boundary x = 0.285
Green boundary y - 0440 and y  0.150 + 0.640x

I Purple boundary y = 0.050 1 0.750x and y = (.382

The Authority has provided guidance on chromaticity changes
resulting from the effect of (emperature on filtering elements. Where
dimming is not required, or where abservers with defective colour
vision must be able to determine the colour of the ]1ght gteen signals
shall be within the following houndaries —

Yellow boundary y - 0.726 -0.726x

White boundary x = 0.650y

Blue bowndary y -~ 0.390 - 0.171x
Where increased cerfainty of recognition is more important than
inaximum visual range, green signals shall be within the following
boundaries —

Yeltow boundary y = 0.726 — 0.726x

White boundary x = 0.625y — 0.041

Bhue boundary y =0.390 - 0.171x



2.2

Biscrimination between lights

2.1

2.2

2.3

2.4

2.5

If there is a requirement to discriminate yellow and white from each
other, they shall be displayed in close proximity of time or space
as, for example, by being flashed successively from the same beacon.

If there is a requirement to discriminate yellow from green and/or
white, as for example on exit taxiway centre line lights, the y
coordinates of the yellow light shall not exceed a value of 0.40.

Note.— - The limits of white have been based on the assumption that
they wiil be used in situations in which the characteristics {colour
temperature) of the light source will be substantially constant.

The colour variable white is intended to be used only for lights that are
to be varied in intensity, ¢.g. to avoid dazzling —

()  the x coordinate of the yellow is at least 0.050 greater than the
x coordinaic of the white; and

(i)  the disposition of the lights will be such that the yellow lights
are displayed simultaneously and in close proximity to the
white lights,

The colour of aeronautical ground lights shall be verified as being
within the boundaries specified in Figure S4-1 by measurement at five
points within the area limited by the innermost isocandela curve
(isocandela diagrams in Schedule S refer), with opuration at rated
current or veliage. In the case of elliptical or circular isocandcla
curves, the colowr measurements shall be taken at the centre and at the
horizontal and vertical limits. In the case of rectangular isccandela
curves, the colour measurements shall be taken at the centre and the
limits of the diagonals (corners). In addition, the colour of the light
shall be checked at the outermost isocandela curve to ensure that there
is no colour shift that might cause signal confusion to the pilot.

Note 1.— For the ouferiost isocandela curve, a measurement of
colour coordinates shall be made and recorded for review and
judgment of acceptability by the appropriate authority.

Note 2.— Certain light units may have application so that they may be
viewed and used by pilots from directions beyond that of the outermost
isocandela curve (e.g. stop bar lights at signiftcantly wide
runwayholding positions). In such instances, the appropriate authotity
shall assess the actual application and if necessary require a check of
colour shift at angular ranges beyond the outermost curve.

Tn the case of visual approach slope indicators and other light units
having a colour transition sector, the colour shall be measured at
points in accordance with 2.2.4 above, except that the colour areas



shall be treated separately and no point shall be within 0.5 degrees of
the transition sector.

3. Colours for Markings, Signs and Panels

i1

32

Note 1~ The specifications of surface colours given below apply only to
{reshly coloured surfaces. Colours used for markings, signs and panels usually
change with time and (herefore require renewal.

Note 2. - Guidance on surface colours is contained in the CIE document
entitled Recominendations for Surface Colours for Visual Signalling —
Publication No. 39-2 (TC-106) 1983.

Note 3.— The specifications recommended in 3.4 below for trans-illuminated
panels are interim in nature and arc based on the CIE specifications for (rans-
illuminated signs. [t is intended thal these specifications will be reviewed and
updated as and when CIE develops specifications for trans-ilhuminated panels.
The chromaticities and luminance factors of ordinary colours, colours of retro-
reflective materials and colours of trans-illuminated (internally illominated)
signs and panels shall be determined under the following standard conditions —
(a}  angle of illumination: 45 degress;

(h}  direction of view: perpendicular to surface; and

(c} illuminant: CIE standard illominant Dgs.

The chromaticity and luminance factors of ordinary colours for markings and
externally ifluminated signs and panels shall be within the following
boundaries when determined under standard conditions.

CIE Equations (sce Figure $4-2):

(a) Red
Purple boundary y = 0.345--0.051x

White boundary y = 0.910- x
Orange boundary y = 0,314 + 0.047x

(b) Orange
Red boundary y = 0.285 + 0.100x

White boundary y = 0.940 -- x
Yellow boundary y = 0.250 + (.220x

Luminance factor § = 0,20 (innim)



{c) Yellow
Orange boundary y =0.108 +0.707x

White boundary y=0.910-x
Green boundary  y = 1.35x~0.093
Luminance factor 8= 0.45 (imnin)

(<) Whitc
Purple boundary y = 0.010 + x,

Blue boundary y = 0,610 —x
Green boundary y =0.030 + x
Yellow boundary y =0.710- x
Luminance factor §=0.75 (innm)

{e) Black -
Purple boundary y = x — 0,030

Blue boundary y 0,570 - x
Green boundary y = 8.050 +x
Yettow boundary y = 0,740 — x

Fauninance facter B = 0.03 (max)
(© Yellowish green

Green boundary y=1.317x 1 0.4
White boundary y=0.910 - x
Yellow boundary y = 0.867x + (.4

fg) Green
Yellow boundary x- 0,312

White boundary y = 0.243 + 0.067x
Blue boundary y -~ 0.493 0.524x

Luminance factor § =0.10 (inam)

Note. — The small separation between surface red and surface orange is not
sufficient to ensure the distinction of these colours when seen separately,



33 The chromaticity and iuminance factors of colours of retro-reflective materials
for markings, signs and panels shall be within the following boundarics when
deterntined under standard conditions. CIE Equations (see Figure S4-3) —

(@) Red
Purple boundary y = 0.345 — 0,051x

White boundary y =0.910 - x
Orange boundary y = 0.314 + 0.047x
Luminance factor 3 =0.03 (monm)

¢(b) Orange
Red boundary y = 0,265 + 0.205x
While boundary y = 0.910 — x
Yellow boundary y = 0.207 + 0.390x .
Luminance factor § = 0.14 (mnm)

{c) Yellow
Orange boundary y = 0.160 + 0.540x

White boundary y = 0.910 - x

Orecn boundary y = 1.35x — 0.093

Luminance factor 8 = 0.16 (mnm)
(@) White

Purple boundary y = x

Blue boundary y = 0.610 - x

Green boundary y = 0.040 + x

Yellow boundary y=0.710 - x

Luminance factor § = 0.27 (imnm)

{e) Blue

Green boundary y = 0.118 + 0.675x
White boundary y =0.370 — x
Purple boundary y = 1.65x — 0.187
Luminance factor B - 0.01 (mam)
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() Green

Yellow boundary y =0.711 - 1.22x

White boundary y = 0.243 + 0.670x

Blue boundary y = 0.405 — 0,243x

Luminance factor B = 0.03 (mnm)
The chromaticity and luminanee factors of colours for trans-illuminated
(intemally illuminated) signs and panels shall be within the following
boundaries when determined under standacd conditions.

CIE Equations (see Figure $4-4) —
(a} Red
Purple boundary y = 0.345 - 0.051x
While boundary y = .910 - x
Orange boundary y = 0.314 + 0.047x
Luininance factor (day condition) - - 0.07 (mom)

Relative luminance to white (night condition) 5 percent {tanm), 20
percent (max)

(b) Yellow
Orange boundary y = 0,108 + 0.707x

White boundary y = 0.910 —x
Green boundary y = 1.35x - 0.093
Luminance factor (day condition) 8 = (.45 {(mntn)

Relative luminance 30 percent (mnm), to white (night condition)
80 percent (max)

(e} White

Purple boundary y = 0,010 + x

Blue boundary y = 0.610 — x

Green boundary y = 0.030 + x

Yellow boundary v+ 0.710 —x

Luminance factor (day condition) B = 0.75 (mnm}
Relative luminance100 percent to white (hight condition)



(d} Black
Purple boundary y = x — 0.030

Blue boundary y = 0.570 — x

Green boundary y = 0,050 + x

Yellow boundary y = 0.740 — x

Luminance factor (day condition) = 0.03 (max)

Relative luminatce to white (night condition) 0 per cent (mmn}, 2
percent {max)

(e} Green

Yellow boundary x =0.313
White boundary y = 0.243 + 0.670x

Blue boundary y = 0,493 — 0.524x
Luminance factor § = 0.0 minimum (day conditions)

Relative luminance to white (night Conditions) 5 per cent {imin,),
30 per cent (max)
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SCHEDULE 5
(regs. 96 (2), 147 (6), 168 (10), 239 (3}, (4), (6)

Aceronautical Ground Light Characteristics
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Figure 85-1 Tsocandefa dirgram for approach centze line light and crossbars (white light)

Notes o figure S5-1

. L Tl wlal
(I}  Curves calculated on fonnula —+5=1 a 10 )] t4 [ 5
a

b}
b [5s5]65 |85

(2)  Vertical angles of the kghts shall be such that the following verlicai coverage of the ynain beam

will be met;

Distance from threshold Vertical main beam coverage
Theeshold t0 315 m Y

316 m—475m 0.5°-11.5°

476 m-640 m 1.5°—12.5°

641 m and beyasd 2.5° — 11.5" (as itluslyated above)

(3)  Lights in crossbars beyond 22.5m from the center line shall be toed-in 2 degrees.

Al other lights shall be aligned paraile] to the center line of the runway
(4}  S8ee colleclive notes for Figures §5-1 te S3-11
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Figure §5-2. isocandela diagram for approach side row Jight {ved fight)
Noles to figure §5-2
2 ’2
{1) Curves calenfated on formuta \2 + =1 8 120 41131165
a b b | 50}60 | 8O

{2) Toc-in 2 degrees

{3) Vertical angles of the lights shall be such that the following vertical covernge of the main beam

will be met;

Distance fiom threshold  Vertical inain beam coverage

Threshold lo 115m {05°-10.5°
116m - 215m 1°—13*
216mandbeyond | 1.5°— 11.5° (a illustrated above)

(2) See colleclive notes for Figures $5-1 to S5-11
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Notes to figuee S§5-3
7 2
(1) Curves calculated on foremula SEPPAY e R B
a b b |45]60 |85

(2) Toe-in 3.5 degrees
(3) See collective notes for Figures A2-1 10 A2-F1
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MNotes to figoure S5-1
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(2) Toe-in 2 degrees
(3) See colleclive noles for Figures A2-1 to A2-11
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Notes to figure §5-5
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(1) Curves calculated on formuia
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(2) Toe-in 4 degrees
(3) See collective notes for Figures S5-1 to §5-11
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Figure 85-6. Isocandela diagrom foc runwoy ceatre Jine light with 30 m longitudinal spacing (white light) and rapid exit

taxiway indicator light (yellow light)
Noftes to figure 85-6

‘\.Z )'2 : & | kX l 7.0 I 3.5 I
(1) Curves caleulated on formula a—l-+ el =1 b [3 160 |25 |

(2) For red kight, multiply values by 0.15.
(3) For yellow light, multiply values by 0.40.

(4} Scc colleclive notes for Figares $5-1 to §5-11,
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Figure 85-7.  Isosandeta diagram for runway centre line light with 15 m longitudival spacing (white light) and rapid exit
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Notes to figure §5-7
x? oyt a
{1} Curves caiculated on formula ,+ o =1 | b

50 70 |85 ]
45 |85 [0

{2) For red light, multiply values by Q.15.
{3) For yellow light, multiply values by 0.40.

{4) Sce collective notes for Figures 85-1 to $5-11.
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(2) Sze collective notes for Figures SS-1 to S5-11.
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Notes to figure $5-9

22 2 |55 [75 90 |
(1) Curves calculaied on [ormula 2 alial b |35 Je0 |85 |

Q
~

L~
-

(2) Toe-in 3.5 degrees
(3) For red light, multiply values by 0.15.
{(4) For yellow light, muiltiply valucs by 0.40.

(5) See coliective notes for Figures S5-1 to §5-11.
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Notes (o figure S5-10

(

2)
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85 10 ’

‘,2 1'2

; i a
Cutves calculated on formula —S+=5=1 | 35

at b
Tog-iit 4.5 degiees
For red light, mwlliply values by 0.15.
For yellow light, muliiply values by 0.40,

See collective notes for Figures S5-1 10 §5-11.
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Collective noles 1o Figures 85-1 to S5-11 and 85-26

M

2

@)

)

(5)

(6)

The ellipses in each figure are symmetrical about the common vertical and
horizontal axes,

Figures $5-1 to §5-10, as well as Figure $5-26, show the minimum allowable
light intensities. The average intensity of the main beam is calculated by
establishing grid points as shown in Figurc S5-11 and using the intensity value
measures at all grid points located within and on the perimeter of the ellipse
representing the main beam, The average value is the arithimetic average of
light intensilies measured at all considered grid potats.

No deviations are acceptable in the main beam pattern when the lighting
fixture is properly aimed.

Average infensity ratio. The ratio between the average intensity within the
ellipse defining the main beam of a typical new light and the average light
intensity of the main beam of a new runway edge light shatl be as follows —

Figure 85-1 Approach centre line and crosshars 1.5 to 2.0 (white light)
Figure $5-2 Approach side row 0.5 to 1.0 (red light)
Figure 85-3 Threshold 1.0 to 1.5 (green light)
Figure 85«4 Threshold wing bar 1.0 to 1.5 (green light)
Figure 85-5 Touchdown zone 0.5 to 1.0 (white light)
Figure 85-6 Runway centre line (fongitudinal spacing 0.5 to 1.0 (white light)
30 m)
Figure 85-7 Runway centre line (fongitudinal spacing 0.5 to 1.0 for CAT III
15 m) {white light)
0,25 to 0,5 for CAT I,
11
(white light)
Figure S5-8 Runway end 0.25 to 0.5 (ved light)
Iigure 85-9 Runway edge (45 m runway width) 1.0 (white light)
Figure 85-10 Runway edge (60 m1 runway width) 1.0 (white light)

The beam coverages in the figures provide the necessary guidance for
approaches down to an RVR of the order of 150 m and take-offs down to an
RVR of the order of 100 m,

flotizontal angles are measuted with respect to the vertical plane through the
runway centre line. For lights other than centre line lights, the direction
towards lhe runway centre line is considered positive. Vertical angles are
measured with respect to the horizontal plane.



M

Where, for approach centre line lights and crossbats and for approach side row
lights, inset lights ate used in lien of elevated lights, e.g. on a runway with a
displaced threshold, the intensity requirements can be met by installing two or
three fittings (lower intensity) at each position.

(8  The importance of adequate maintenance cannot be overemphasized. The
average intensity should never fall to a value less than 50 per cent of the value
shown in the figures, and it should be the aim of airport authorities fo maintain
a level of Jight output close to the specified minimum average intensity.

Degress
veriical
=+ Minimum]
y 204 v ain beam
miMmum
% - oo ed
1
A
10 -
8
5 inimum
-~ average
200 cd
. 1t
0 1 3
- -10 k3 ] 0 B2 E:E;::fﬂl

Figure 85-12, [socandelu diagram for taxiway centre line (15 m spacing), RELs, no-entry bar and

stop bar lights in straight sections intended for use in runway visual range conditions of less tha a

vulue of 350 m where large offscts can oceur and for low-intensity runway guard lights,

Configuration B

Notes to figure S5-12:

(@)

(b
(c)

These beam coverages allow for displacement of the cockpit from the centre
line up to distances of the order of 12 m and arc intended for use before and
after curves.

See collective notes for Figures $5-12 to S5-21.
Increased intensities for enhanced rapid exit taxiway centre line lights as

required in regulation 178 are four imes the respective intensitics in the figure
(i.e. 800 cd for minimugn average main bean).
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Figure 85-13, Isocandela diagsam for (axiway centre line {15 m spucing), no-entry bar and

stop bar lights in straight sections intended for use in ronway visual range conditions of less

than a value of 350 m

Notes to figure $5-13;

(a)  These beam coverages are generally salisfactory and cater far a normatl
displacement of the cockpit from the centre line of approximately 3 nv.

(b) See collective notes for Figures 85-12 to §5-21,
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Figure 85-14. Isocandela diagram for faxiway centre line (7.5 m spacing), RELs, no-entry bar and stop

bar fights in curved sections intended for use in runway visual range conditions of less

than a value of 354 m

Notes to figure S5-14:

(@}  Lights on curves to be tocd-in 15.75 degrees wilh respect to the tangent
of the curve. This does not apply to runway entrance lights (RELSs)



(¢}  Increased intensities for RELs shall be twice the specified intensities, i.e,,
minimum 20 cd, main beam minimum 100 ¢d and minimum average 200 ¢d.

(c) See collective notes for Figures $5-12 to $5-21,
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20 1615 -10 0 10 1518 2 X horizontsl

Figure S5-15. Isocandela diagram for taxiway centre line (30 m, 60 m spacing), no-eniry bar
and stop bag lights in straight secliong intended for use in ruyway visual range

conditions of 350 m or greater
Notes to figure $5-15:

fa)  Atlocations where high background luminance is usual and where
deterioration of light output resulting from dust, snow and local
contamination is a significant factor, the cd- values should be
multiplied by 2.5.

(®) Where omnidirectional lights are used they shall comply with the
vertical beam requirements in this figure.

() See collective notes for Figures $5-12 to 85-21.
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Figure 85-16. Isocandela diagram for taxiway centre Hne (7.5 m, 15 m, 30 m spacing), no-entry bar

and stop bar lights in curved sections intended for use in runway visual range

conditions of 350 m or greater

Notes to figure S5-16:

(@)

®)

{c)

(d)

Lights on curves fo be toed-in [5.75 degrees with respect to the tangent of the
curve.

At locations where high background luminance is usval and where
deterioration of light output resulting froimn dust, snow and local contamination
15 & significant factor, the cd- values should be multiplied by 2.5.

These beam coverages allow for displacement of the cockpit from the centre
line up to distances of the order of 12 m as could occur at the end of curves.

See collective notes for Figures $5-12 to $5-21.
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Figure S5-17. Isocandela diagram for high-intensity taxiway centre line {15 gt spacing) and stop bar
lights in straight sections intended for use in an advanced surface movement guidance
and contrel system wherc bigher light intensities are required and where large offsets
can ocour

Notes to figure S5-17:

{a)  These beam coverages allow for displacement of the cockpit from the centre
line up to distances of the order of 12 m and are intended for use before and
after curves.

(h) See collective notes for Figures 85-12 to S5-21,

{c) Figiwre 85-17. Isocandela diagram for high-iniensity taxiway centre line (15 m
spacing), no-entry bar and stop bar lights in straight sections intended for use
in an advanced surface movement guidance and control system where higher
light intensities are required and where large offsets can occur.
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Figure 85-18. Isocandela diagram for high-intensily 1axiway centre line (15 m spacing) and stop bar lights
in straighs sections intended for usc in an advanced surface movement guidance and control
system where higher light intensities are required

Notes to figure S5-18:

(@) These beam coverages are generally satisfactory and cater for a normal
displacement of the cockpit corresponding to the outer main gear wheel on the
taxiway edge.

(b) See collective notes for Figures S5-12 to §5-21

(c) Figure 85-18. Isacandela diagram for high-intensity taxiway centre line (15 m
spacing), no-entry bar and stop bar lights in straight sections intended for use
in an advanced sucface movement guidance and control system where higher
light intensities are required.
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Fipgare §5-19. Isocandcla diagram for high-intensity faxiway centre line {7.5 m spacing) and stop bar lights in
curved sections intended for use ir an advanced surface movement guidance and control system
where higher light intensities are required

Notes to S5-19:

{@)  Lights on curves to bhe tocd-in 17 degrees with respect to the tangent of the
curve.

(6)  Sce collective notes for Figures S5-12 to 8§5-21.

{c) Figure 85-19. Isocandela diagram for high-intensity taxiway centre line (7.5 m
spacing), no-entry bar and stop bar lights in curved sections intended for use in
an advanced surface movement guidance and control system where higher
light intensities are required
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Figure $5-20. Isocandela diagram for high-intensity runway guard ligits, Configuration B

Notes to figure $5-20;

{a)  Although the lights flash in normal operation, the !ighl intensity is specified as
if the lights were fixed for incandescent lamps.

(b  See collective notes for Figures $5-12 to $5-21.
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Figure §5-21. Grid poinls to be used for calenlation of average intensity of taxiway centre line and stop

tar ights
Collective notes to Figures 85-12 to 85-21

fa)  The intensities specified in Figures 85-12 fo $5-20 are in green and yellow
light for taxiway centre line lights, yellow light for runway guard lights and
red light for stop bar lights.



(b)

(©

()

(e

(&

Figures S5-12 to $5-20 show the minimum allowable light intensities. The
average intensity of the main beam is calculated by establishing grid points as
shown in Figure S5-21 and using the intensity values measured at all grid
points located within and on the perimeter of the rectangle representing the
main beam, The average value is the arithimetic average of the light intensities
measured at all considered grid points.

No deviations are acceptable in the main beam or in the innermost beam, as
applicable, when the lighting fixture is properly aimed.

Horizontal angles are measured with respcct to the vertical plane through the
taxiway centre line except on curves where they are measured with respect to
the tangent to the curve,

Vertical angles are measured from the longitudinal slope of the taxiway
surface.

The importance of adequate maintenance cannot be overemphasized. The
intensity, either average where applicable or as specified on the corresponding
isocandela curves, should never fall to a value less than 50 per cent of the
value shown in the fipures, and it should be the aim of airport authorities to
maintain a level of light oufput close to the specified minimum average
intensity.

The light unit shall be installed so that the main beam or the innermost beam,
as applicable, is aligned within one- half degree of the specified requirement.
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Figure 85-23. Light intensity distribution of PAP] and APAP!
Notes to figure 8§5-23:

(@}  Theso curves acs for mininum intensitics in red light.

(b}  Tho intensity valuo in the whito sector of the beam is no less than 2 and may

be as high as 6.5 times the corresponding intensity in the red sector.

()  The intensity values shown in brackets arc for APAPJ,
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Figure $5-24. Isocandeta diagram for each lighl in low-intensity cunway goard lights, Configuration A



Notes to figure 85-24:

(@)  Although the lights flash in normal operation, the light inlensity is specified as
if 1he lights were fixed for mcandescent lamps.

(b)  The intensilies specified are in yellbw light,
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Figure $5-25, Isocandela diagram for each light in high-intensity runway guard lights, Configuration A
Notes to figure 55-24:

{a}  Although the lights flash in normal operation, the light infensity is specified as
if the Hghts were fixed for incandescent lamps.

(b)  The intensitics specified are in yellow light,
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Figure 8§5-26. Isocandela diagram for take-off and hold lights (THL) (red light)

Nofes to figure S5-9

+Z-2*='1

(2) See collective notes for Figures 87-1 to 87-11 and §7-26,

J2 2
{1) Curves calculated on formula "—2 d
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SCHEDULE 6
(reg. 119)
MANDATORY INSTRUCTION MARKINGS AND INFORMATION MARKINGS

Note 1. — See regulations 119 and 120 for specitications on the application, location and
characteristics of mandatory instruction markings and information markings.

Note 2, — This schedule details the form and proportions of the letters, numbers and symbols
of mandatory instruction markings and information markings on a 20 cmn grid.

pilot eye

equivalent elavated sign fes] character

pavemenl sign [ps) character

25

\\
—

.

Figure S6-1
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SCHEDULE 7
(reg. 169 (4), (6). (7))

Requirements Concerning Design of Taxiing Giuidance Signs
Inscription heights shall conform to the table S7-1 below.

Table 87-1. Inscription heights for marking

Runway code Minimum character height
aember Mandatory : [aformation sign
instruction sign Runway and exit and Other signs
runway vacated signs
1002 300 mm 300mmn 200mm
3ord 400 min 400num 300mm

Note. — Where a taxiway location siga is installed in conjunclion with a runway designation sigi (sce

Regulation 182) the character size shall be that specified for oandatary instruction signs,

Arrow dimensions shall be as follows;

Legend height Stroke
200 mm 32 mm
300 mm 48 mimn
400 mm 64 mmn

Stroke width for singte letter shalt be as follows:

Legend height Stroke
ST S
308 mmn 48 mm
408 mm 64 mm

Sign fuminance shail be as follows:

(a) Where operations are conducted in runway visual range conditions Icss than a

value of 800m, averape sign luminance shall be at least:

Red
Yelfow

White

30cdin’
150 cdm’
360 cdm’

(&)  Where operations are conducted in accordance with regulation 197 average

sign luminance shall be at least:

Red 10 cd/m?
Yellow 50 cd/m?
White 100 ed/m?




Note. — I runway visual range condilions less than a value of 400 ny, tliere will be some degradation in the

3,

perfonuance of signs.

The luminance ratio between red aud white clements of a mandalory sign shall
be between 1:5 and 1:10.

The average luminance of the sigh is calculated by cstablishing grid points as
shown in Figure §5-1 and using the luminance values measured at ajl prid
points located within the rectangle representing the sign.

The average vatuo is the arithmetio average of the luminance values measured
at all considered grid points,

The Authority has provided guidance on measuring the averape luminance of a sign.

L

The ralie between luminance valucs of adjacent grid poiets shall not excecd
1.5:1, For arcas on the sign face where the grid spacing is 7.5 em, the ralio
between luminance values of adjacent grid points shall not cxeeed 1.25:1. The
ratio between the maximum and minimum luminance value over the whole
sign face shal not exceed 5:1.

The forms of characters, i.e, lelters, aumbers, arrows and symbols, shall
conform to those shown in Figure $5-2, The width of characters and the space
between individual characters shall be determined as indicaied in Table 85-2
in the Schedule 5 to these repulations.

The face height of signs shal! be as follows:

Legend height Face freight (min)
200 mm 300 mm

300 mm 450 pun

460 mm 600 mm

The face width of signs shall be determined vsing Figure S7-3 except that,
where a mandatory instruction sign is provided on one side of a taxiway only,
the face width shall not be less than —

() 1.94 m where the code munber is 3 or 4; and

(b) 1.46 m where the code number is 1 or 2.



The Authority has provided addiional guidance on determining the face width of a

sign,
1. Boarders
1,1 The black vertical delincator beiween adjacent direction signs shali
have a width of epproximatcly 0.7 of the siroko width.
1.2 The yellow border on a stand-alone focation sign shall be
approximately 0.5 stroke width,
1.3 Tho colours of signs shall be in accordance with the appropriate
specifications in Schedule 4 to theso regulations,
75¢em 150em rhom
H\...Iq ——mad P
75em | :
<+ x X X X X X X X
15.0cm i
2. x X X x X X XX
i
i
X X X x X X x X
5
a1 % X x X % X XX :
7.5cm )
Y X X X % % X X X!
( 1 7.5em
_h
7.5 cm

Figure 87-1. Grid poinls for calcwdating average luminance of a sign

Notes to figure $7-1|

Note 1. - - The average luminance of a sign is calenlated by establishing grid points
on a sign face showing typical inscriptions and a background of the appropriato colour
(red for mandatory instruction signs and yellow for dircction and destination signs) as
follows —



(@) starling at the top lefi corner of tho siga face, cstablish a referenco grid
point at 7.5 ein fromn the Icft cdge and the top of the sign face;

(h)  creato a grid of 15 cm spacing horizontally and vertically from the
reference grid point. Grid points within 7.5 cm of the edge of the sign
{uce shall be excluded;

(¢}  whero U last poist in a row/column of grid poinis is located between
22.5 cm and 15 cm from the cdge of the sign face (but sot inclusive),
an additionat point shall be added 7.5 e from this point; and

@  wherea grid point falls on the boundary of a character and tho
background, tho grid point shall be sliphtly shified to be completely
outsido the character,

Note 2, — Additional grid points may be required fo ensure that cach
character includes at least five ovenly spaced grid points.

Note 3. - Whero one unit includes two types of signs, a separate grid shall be
eslablished for each typo.



Figure 87-2.  Farms of characters
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Figure $7-2. (cont}




Figure §7-2. (cont.)



Figure §7-2, (cont,}



Figure S7-2. (coni.)



Note 1.—The amrow stroke width, dameter of the dot.
and both width and lenyth of the dash shatt
be proportioned to the chorocler stroke

—. _"‘ widths,

Note 2.— The dimensions of the arrow shall remain

censtant for @ particolor sign size, regordless

of orientation.

Arrow, dot and dash

Figuee 87-2. (conl.)

Runway vacated sign {with iypical location sign)

11118 f
-1 -%lj
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111
1k
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s e e

NO ENTRY sign

2

Figurc $7-3. Runway vacated and NO ENTRY signs

e i
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Figure 87-4.  Sign dimensions




Table §7-2. Letter and numeral widihs and space between letters or numerals

) etter (o letter code number d)yWickh of letter
Fallowing Letec 0 l.d‘.erh;?nd(mn) w0
B,D,F,F, Leltes
Frtoedy HiICL, C.5,0, ALT. Vit (en)
NP RY Q5XZ VWY A 70 255
Coda number B 137 205 24
x . 3 3 c 137 25 74
" 1 2 2 0 137 205 4
G 2 2 3 E 124 166 M8
o 1 2 2 F 124 186 B
E 2 2 3 G 137 205 D4
F 2 2 3 'l' g o h
ﬁ : e i J izr 1) 264
A 1 4 2 K 140 240 260
J h b 2 L 24 185 28
X 4 2 a M 187 n8 314
Y 2 2 H N 1?7 205 24
9 1 1 2 4] 1143 214 268
I 1 1 2 P 17 205 pid}
PN 1 2 2 Q 143 21 258
™ q 2 'y R 127 205 774
a 1 2 h s 137 25 74
A 1 2 2 T 124 188 248
s i 2 2 u 127 25 7
T 2 2 : v = 29 04
M 1 1 2 W 78 297 358
v 2 N h X 137 205 2
M 2 B H Y 7 267 2
x ? 2 3 rA 137 208 a4
: 3 § ; ) Wickh of reumeral
Numerat halght [mm)
B} Numeral lo numeral code nurmber Numed 300 400
Flowving mumber Viickh ()
Preced| 2458, ¥ @ ) a
}h.mel? 1.9 I 29,0 | 4.7 2 kg 208 274
3 137 x5 24
Code number 4 49 24 208
i i 1 2 G 12 205 21
2 1 2 2 4 hied 205 279
2 § 2 2 7 137 208 pz]
4 2 2 4 i} 137 205 L
] 1 2 2 9 137 203 X4
] 1 2 2 a 143 214 268
H 2 2 p IWSTRUCTIONS
8 1 2 2
8 ) 2 2 1, To dutemvine the propes SPACE between kettees o numenals, obtan
2 1 2 2 the code runiber kum tatée a) or by and ener tade ¢} for thal coda
2 Nmmmmm%“mm“w of charadtess {raming =
c} Space brbveen characters The space 5 of
: " Mwmmahmwabbmsovummd
Character height (mm} 1he charachiecs sind exoapt thal vibere an Ir7ow i localed vith a single
Coda No, i 40 thander such as ‘A -, tha space may be reduoxd b ot kess than
Spave fmm) @mawwamm:mmw«mwaum
; a3 ;: n 3 \Yhere the numen) follaws a [etter of vioe vaisa ise Codo 1.
3 25 28 50 4, Where a iyphen, dol, or diagana stoke folloms a chorader of Ve
4 13 9 26 versa usa Code §.
6. rumlmmmmmmw«ummws

078 of the hedghl of the (mn):ﬂsvaoedmme
preceding "0 atcode 1 for the dharadter height of



SCHEDULE 8
(reg. 186 (7), 190 (5), 191 (8), 192 (9))

LOCATION OF LIGHTS ON OBSTACLES

Tty obslaole light Yyze A /
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Figure S8-1. Mcdinm-intensity flashing-whitc obstacle lighting system, Type A

Jote to figure S8-1. — High-intensily obstacle lighting is recommended on structures with a
wcight of more than 150 m above ground level. If medium-intensity lighting is used, marking
vill also be required,
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Figure 58-2, Medium-intensity flashing-red obstacle lighting system, Type B

Note to figure S8-2. — For night-time use only.
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Note to figure §8-3. — For night-tiime use only.
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Figure §8-4. dMedium-intensity duat obslacle lighting sysiem, Type A/Type B

Note to figure 58-4 — High-intensity obstacle lighting is recommended on structures with a
height of more than {50 m above ground level. If medium-intensity lighting is used, marking
will also be required.
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Fignre 8§9-1.  Aeradrome layout plan

NOTES to figure S9-1:

Clearway: A dcfined rectangular avca at the end of the runway selected or prepared as a

suitable area over which an aivcrafl may take a portion of its initial climb after
take-off to a specified height.

Stapway: A defined rectangular area on the ground at the end of a runway prepared as a
suitable area in which an aircraft can be stopped without danger (o aircraft in
the event of an aborted take-off.

Steip: A defined atea including the runway and stopway, if provided.

Obsteuction:  Any object or feature, whether natural or man-made, which by reason of iis
height or position may chdanger the safety of aircraft

MADE this 13th day of June, 2022,

ERIC MOTHIBI MOLALE,
Minister of Transport and Public Works,



