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NATIONA L LIGHTIN G CODE 

ix 

INTRODUCTIO N 

The NATIONAL LIGHTING CODE (NLC) covers the following: 

a) Guidance on illuminating engineering practices to be followed by various types of occupancies; 

b) Guidance on good engineering practices to be followed in the design, selection, installation and maintenance 
of lighting systems for indoor and outdoor areas; 

c) Matters related to the science of illumination such as physics of light, electric light sources, luminaires and 
photometry; 

d) Coordination aspects to be considered while designing the lighting systems such as daylighting; and 

e) Aspects relating to energy management and energy conservation in lighting installations including guidelines 
for design and good practices to be adopted for effective and efficient use of light sources. 

This code has been formulated for the purpose of setting out in a convenient form the requirements for responsible 
social, commercial and engineering conduct as designers, manufacturers and suppliers of lighting. Lighting technology 
plays a significant role in achieving basic social safety and environmental objectives. 

The intent of this code is to encourage good lighting practices and systems which would minimize light pollution, glare, 
light tresspass and conserve energy while maintaining safety, security, utility and productivity. 

The lighting industry is highly fragmented and has relatively low technical barriers to entry. Despite its fundamental 
importance to many basic safety operations it is subject to comparatively low levels of regulation. Consequently end 
users and consumers do not always have access to accurate and reliable information on what represents a safe, reliable 
and efficient lighting system. This code aims to build up a trust between the industry and its customers through 
integration of commerce and technology. 

This code, however, does not specify the additional requirements to be considered while designing lighting systems 
for certain areas such as marine, railway rolling stock, theatre, television and photography, etc. 

This code does not cover the requirements and methods of tests applicable to light sources and luminaires for which 
separate Indian Standards exist. However, this code covers the measurement aspects of luminaires in a photometric 
laboratory. 

Economic development over the last few years has shown a major boost in the demand of lighting equipment. With an 
estimated 17 percent of the energy consumption in India due to lighting, there are many opportunities to save energy 
and thus resources. Moreover, lighting has, until the recent past, been taken for granted as a matter of aesthetics 
without putting any serious thought on energy conservation, safety, reliability, etc. Putting in place the best available 
technology, proper design, planning and selection of equipment for the lighting in industrial, commercial, public and 
utilit y areas and residential applications with special emphasis on energy conservation, there is ample scope in overall 
improvement of the lighting system to cater to the need of the individual, society and the country as a whole. 

The National Lighting Code is a single document in which, like a network, the information contained in various Indian 
Standards is compiled into a pattern of continuity and cogency with the interdependent requirements of Sections 
carefully analyzed and fitted in. This makes the whole code a cogent continuous volume. 

This code contains good practices and regulations which can be immediately adopted or enacted for use by various 
departments and public bodies. It lays down a set of minimum provisions necessary to protect the interest of the public 
with regard to lighting levels and quantity, and safety parameters. For the choice of lighting products and method of 
lighting design for the lighting professional, detailed guidelines have been provided in this code, still leaving enough 
scope for the integrity of the users, designers, architects and consultants. 

This National Lighting Code is applicable to the lighting systems in large varieties of interior and exterior installations 
including special areas like hospitals, utilities, sports complexes, metro railway, etc, under the control of qualified 
persons. 



The keywords of NLC are: 

Physics of light, Electric light sources and their accessories, Luminaires, Interior illumination, Exterior illumination, 
Lighting for hazardous areas, Road lighting, Energy-effective lighting systems, Installation aspects for. lighting, 
Daylighting for buildings, Emergency lighting, Lighting maintenance, etc. 

This NLC is divided into 13 parts some of which are having sections making a total of 29 parts and sections as given 

x 

Numerical values in this code are in the metric (SI) systems. 

The NLC as written is based on the present stage of knowledge on the various aspects of lighting systems. In this NLC 
many of the problems have been answered full y and some partially. Therefore, a continuous programme wil l go on, by 
which additional knowledge that is gained through technological evolutions, users' views over a period of time 
pinpointing areas of classification, and coverage and results of research in the field would be incorporated into the 
code from time to time to make it a living document. It is therefore proposed to bring out changes to the code 
periodically. In the meantime, all or some parts of the code may be adopted with or without changes by delegated 
legislative authorities in their regulations, administrative orders or similar documents. 

The revision cycle of NLC is generally five years. Changes, proposals and comments may be Submitted to, 
Electrotechnical Department, Bureau of Indian Standards (BIS), Manak Bhavan, New Delhi 110002 or online via the 
internet to eetd@bis.org.in. 

below: 

Part 1 Lighting vocabulary; 

Part 2 Physics of light in 3 sections; 

Part 3 Electric light sources and their accessories in 2 sections; 

Part 4 Luminaires in 2 sections; 

Part 5 Interior illumination in 5 sections; 

Part 6 Exterior illumination in 7 sections; 

Part 7 Lighting for hazardous areas; 

Part 8 Road lighting; 

Part 9 Energy-effective lighting systems; 

Part 10 Installation aspects for lighting in 3 sections; 

Part 11 Daylighting for buildings; 

Part 12 Emergency lighting; and 

Part 13 Lighting maintenance. 
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FOREWORD 

The principal objective of this terminology is to provide definitions which are sufficiently clear so that each term can 
be understood with the same meaning in the lighting field. Only those terms have been given in this part which have 
been considered relevant keeping in view the contents of National Lighting Code. 

The definitions given in this part are in line with the IEC Pub 60050(845): 1987 'Lighting Vocabulary Chapter 845: 
Lighting', issued by International Electrotechnical Commission (IEC). 

The following Indian Standards are necessary adjuncts to this part. 

IS No. 

9206:1979 

Title 

Dimensions of caps for tungsten filament general 
service electric lamps 

2418(Part3):1977 Tubular fluorescent lamps for general lighting 
service: Part 3 Dimensions of G-5 and G-13 bi-pin 
caps (First Revision) 

10322(Part 1):1982 Luminaires: Part 1 General requirements 

P A R T 1 L I G H T I N G V O C A B U L A R Y 3 
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NATIONAL LIGHTING CODE 

PARTI LIGHTING VOCABULARY 

1 S C O P E 

This part of the code covers definitions and terms used  in 

the  field of lighting, which have been considered  relevant 

keeping  in  view  the  contents  of the  code. 

2 T E R M I N O L O G Y 

In  addition  to  the  definitions  given  in  this  part  for  more 

detailed  vocabulary  on  lighting,  reference  may be  made 

to  the  following  Indian  Standards. 

1885(Part  16/Sec  1):1968  Electrotechnical  Vocabulary: 

Part 16 Lighting, Section  1  General aspects 

1885(Part  16/Sec  2): 1968  Electrotechnical  Vocabulary: 

Part  16 Lighting,  Section 2  General  illumination  lighting 

fittings and  lighting for traffic and  signaling 

1885(Part  16/Sec  3): 1967  Electrotechnical  Vocabulary: 

Part 16 Lighting, Section 3 Lamps and auxiliary apparatus. 

3 R A D I A T I O N , Q U A N T I T I E S A N D U N I T S 

3.1 General Terms 

3.1.1 Electromagnetic Radiation 

a)  Emission  or  transfer  of  energy  in  the  form  of 

electromagnetic  waves  with  the  associated 

photons;  and 

b)  These  electromagnetic  waves  or  these  photons. 

NOTE  —  The  French  term  'radiation'  applies  preferably 

to  a  s ingle  element  of  any  radiation,  characterized  by 

one  wavelength  or  one  frequency. 

3.1.2 Optical Radiation  —  Electromagnetic  radiation 

at  wavelengths  between  the  region  of  transition  to 

X-rays  (λ=l  nm)  and  the  region  of transition  to  radio 

waves  (λ=l  mm). 

3.1.3 Visible Radiation—Any  optical  radiation  capable 

of causing  a  visual  sensation  directly. 

4 

NOTE  — T h e r e  are  no  prec i se  l imits  for  the  spectral 

range  of  v i s i b l e  radiation  s ince  they  depend  upon  the 

amount  of  radiant  power  r e a c h i n g  the  retina  and  the 

responsivity  of  the  observer.  The  lower  limit  is  generally 

taken  between  360  nm  and  4 0 0  nm  and  the  upper  limit 

between  7 6 0  nm  and  830  nm. 

3.1.4 Infrared Radiation  —  Optical  radiation  for  which 

the wavelengths are longer than those for visible radiation. 

NOTE  —  For  in f rared  rad ia t ion,  the  r a n g e  b e t w e e n 

780  nm  and  1mm  is  commonly  subdivided  into: 

1R-A  :  7 8 0  nm  - 1 4 0 0  nm 

1R-B  .  1.4  nm  -  3  nm 

IR-C  :  3  nm  -1  mm 

N A T I O N A L L I G H T I N G C O D E 

Unit : m 

NOTES 

1  T h e  w a v e l e n g t h  in  a  m e d i u m  is  e q u a l  to  the 

wavelength  in  vacuum  divided  by  the  refractive  index 

3 . 1 . 1 2 Wavelength (X)  —  Distance  in  the  direction  of 

propagation  of a  periodic  wave  between  two  successive 

points  at  which  the  phase  is  the  same. 

3 . 1 . 1 1 Diffraction  —  Deviation  of  the  direction  of 

propagation of a radiation, determined by the wave nature 

of radiation,  and  occurring when  the  radiation passes  the 

edge  of an  obstacle. 

3.1.10Polarized Radiation  —  Radiation  whose 

electromagnetic field, which  is transversal,  is oriented  in 

defined  directions. 

NOTE  —  The  polar izat ion  may  be  l inear,  e l l ipt ic  or 

circular. 

3.1.9 Spectral Line 

a)  Monochromatic  radiation  emitted  or  absorbed 

in  a  transition  between  two  energy  levels. 

b)  Its manifestation  in a spectrum. 

NOTES 

1  T h e r e  a r e  l ine  s p e c t r a ,  c o n t i n u o u s  s p e c t r a ,  and 

spectra  exhib i t ing  both  these  characterist ics. 

2  T h i s  term  i s  a l s o  u s e d  f o r  s p e c t r a l  e f f i c i e n c i e s 

(excitation  spectrum,  action  spectrum). 

NOTE  —  The  wavelength  in  air  or  in  vacuum  is  also 

used  to  characterize  a  monochromatic  radiation. 

3.1.8 Spectrum (of a Radiation)  —  Display  or 

specification  of  the  monochromatic  components  of  the 

radiation  considered. 

3.1.7 Monochromatic Radiation  —  Radiation 

characterized by a single  frequency.  In practice,  radiation 

of  a  very  small  range  of  frequencies  which  can  be 

described  by  stating  a  single  frequency. 

a)  Perceived  light (see 4.2.1); and 

b)  Visible radiation (see 3.1.3). 

NOTE  —  The  word  light  is  sometimes  used  in  sense  (b) 

for  optical  radiation  extending  outside  the  vis ible  range, 

but  this  usage  is  not  recommended. 

3.1.5 Ultraviolet Radiation—Optical  radiation  for which 

the wavelengths are shorter than those for visible radiation. 

NOTE  —  For  ultraviolet  radiation,  the  range  between 

100  nm  and  4 0 0  nm  is  commonly  subdivided  into  : 

UV-A  :  3 1 5  nm  -  4 0 0  nm 

UV-B  :  2 8 0  nm  -  315  nm 

UV-C  :  100  nm  -  2 8 0  nm 

3.1.6 Light 
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stimuli are of at least several candelas per square 

metre, and the latter when the luminances are of less 

than some hundredths of a candela per square metre. 

2 Adap ta t i on to spec i f ic spat ial f r equenc ies, 

o r ien ta t ions, s izes, etc, are recognized as be ing 

included in this definition. 

4.1.8 Chromatic Adaptation — Adaptation by stimuli 
in which the dominant effect is that of different relative 
spectral distributions. 

4.1.9 Photopic Vision — Vision by the normal eye when 
it is adapted to levels of luminance of at least several 
candelas per square metre. 

N O TE — The cones are the p r inc ipal ac t i ve 
photoreceptors in photopic vision. 

4.1.10 Scotopic Vision — Vision by the normal eye when 
it is adapted to levels of luminance less than some 
hundredths of a candela per square metre. 

N O TE — The rods are the p r inc ipal ac t i ve 
photoreceptors in scotopic vision. 

4.1.11 Mesopic Vision — Vision intermediate between 
photopic and scotopic vision. 

NOTE — In mesopic vision, both the cones and the 
rods are active. 

4.1.12 Hemeralopia; Night Blindness — Anomaly of 
vision in which there is a pronounced inadequacy or 
complete absence of scotopic vision. 

4.1.13 Defective Colour Vision —Anomaly of vision in 
which there is a reduced ability to discriminate between 
some or all colours. 

4.2 Light and Colour 

4.2.1 (Perceived) Light — Universal and essential 
attribute of all perceptions and sensations that are peculiar 
tp the visual system. 

NOTES 
1 Light is normally, but not always, perceived as a result 

of the action of a light stimulus on the visual system. 
2 See 3.1.6, 

4.2.2 (Perceived) Colour—Attribute of visual perception 
consisting of any combination of chromatic and achromatic 
content. This attribute may be described by chromatic 
colour names such as yellow, orange, brown, red, pink, 
green, blue, purple etc, or by achromatic colour names such 
as white, grey, black, etc, and qualified by bright, dim, light, 
dark, etc, or by combinations of such names. 

NOTES 

1 Perceived colour depends on the spectral distribution 

of the colour st imulus, on the size, shape structure 

and surround of the st imulus area, on the state of 

adaptation of the observer 's visual system, and on 

the obse rve r 's expe r ience of the p reva i l i ng and 

similar situations of observation. 

2 Perceived colour may appear in several modes of 

colour appearance. The names for various modes of 

a p p e a r a n ce are in tended to d i s t i ngu ish a m o ng 

qua l i t a t i ve and geomet r ic d i f f e r e n c es of co lour 

perceptions. Some of the more important terms of 

the modes of colour appearance are given in 4.2.3, 

4.2.4 and 4.2.5. 
Other modes of colour appearance include fil m colour, 
volume colour, i l luminant colour, body colour, and 
Ganzfe ld colour. Each of these modes of co lour 
appearance may be further qualified by adjectives to 
describe combinations of colour or their spatial and 
temporal re lat ionships. Other terms that relate to 
qual i tat ive di f ferences among colours perceived in 
var ious modes of colour appearance are given in 
4.2.6, 4.2.7, 4.2.8 and 4.2.9. 

4.2.3 Object Colour — Colour perceived as belonging 
to an object. 

4.2.4 Surface Colour — Colour perceived as belonging 
to a surface from which the light appears to be diffusely 
reflected or radiated. 

4.2.5 Aperture Colour — Perceived colour for which 
there is no definite spatial localization in depth, such as 
that perceived as fillin g a hole in a screen. 

4.2.6 Luminous (Perceived) Colour — Colour perceived 
to belong to an area that appears to be emitting light as a 
primary light source, or that appears to be specularly 
reflecting such light. 

NOTE — Primary l ight sources seen in their natural 
su r round ings no rma l ly exh ib it the a p p e a r a n ce of 
luminous colours in this sense. 

4.2.7 Non-Luminous (Perceived) Colour — Colour 
perceived to belong to an area that appears to be 
transmitting or diffusely reflecting light as a secondary 
light source. 

NOTE — Secondary iight sources seen in their natural 
su r round ings no rma l ly exh ib it the a p p e a r a n ce of 
non-luminous colours in this sense. 

4.2.8 Related (Perceived) Colour — Colour perceived 
to belong to an area seen in relation to other colours. 

4.2.9 Unrelated (Perceived) Colour—Colour perceived 
to belong to an area seen in isolation from other colours. 

4.2.10 Achromatic (Perceived) Colour 

a) In the perceptual sense — Perceived colour 
devoid of hue. The colour names white, grey and 
black are commonly used or, for transmitting 
objects, colourless and neutral; and 

b) In the psychophysical sense — See 5.2.4. 

4.2.11 Chromatic (Perceived) Colour 

a) In the perceptual sense — Perceived colour 
possessing hue. In everyday speech, the word 
colour is often used in this sense in 
contradistinction to white, grey or black. The 
adjective coloured usually refers to chromatic 
colour; and 

b) In the psychophysical sense — See 5.2.5. 
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4.2.12 Brightness; Luminosity (Obsolete) —Attribute of 
a visual sensation according to which an area appears to 
emit more or less light. 

4.2.13 Bright—Adjective used to describe high levels of 
brightness. 

4.2.14 Dim — Adjective used to describe low levels of 
brightness. 

4.2.15 Lightness (of a Related Colour) — The brightness 
of an area judged relative to the brightness of a similarly 
illuminated area that appears to be white or highly 
transmitting. 

NOTE — Only related colours exhibit lightness. 

4.2.16 Light — Adjective used to describe high levels of 
lightness. 

4.2.17 Dark — Adjective used to describe low levels of 
lightness. 

4.2.18 Hue — Attribute of a visual sensation according 
to which an area appears to be similar to one of the 
perceived colours, red, yellow, green, and blue, or to a 
combination of two of them. 

NOTE — Formerly 'Farbton' in German. 

4.2.19 Unitary Hue; Unique Hue — Perceived hue that 
cannot be further described by the use of hue names other 
than its own. 

NOTE — There are four unitary hues; red, green, yellow 

and blue. 

4.2.20 Binary Hue — Perceived hue that may be described 
as a combination of two unitary hues. For example, orange 
is a yellowish red or reddish yellow; violet is reddish blue, 
etc. 

4.2.21 Chroma — Chromaticness, colourfulness, of an 
area judged as a proportion of the brightness of a similarly 
illuminated area that appears white or highly transmitting. 

NOTE — For given viewing conditions and at luminance 
levels within the range of photopic v is ion, a colour 
s t imu lus perce ived as a re lated colourv of a given 
ch roma t i c i ty and f r om a su r f ace hav ing a g iven 
l um inance fac to r, exh ib i ts approx imate ly cons tant 
chrome for all levels of i l luminance except when the 
brightness is very high. In the same circumstances, at a 
given level of i l luminance, i f the luminance factor is 
increased, the chroma usually increases. 

4.3 Visual Phenomena 

4.3.1 Visual Acuity, Visual Resolution 

a) Qualitatively — Capacity for seeing distinctly 
fine details that have very small angular 
separation; and 

b) Quantitatively — Any of a number of measures 
of spatial discrimination such as the reciprocal 
of the value of the angular separation in minutes 
are of two neighbouring objects (points or lines 

or other specified stimuli) which the observer 
can just perceive to be separate. 

4.3.2 Accommodation — Adjustment of the dioptric 
power of the crystalline lens by which the image of an 
object, at a given distance, is focused on the retina. 

4.3.3 Luminance Threshold — Lowest luminance of a 
stimulus which enables it to be perceived. 

NOTE — The value depends on field size, surround, 
state of adaptation, and other viewing condit ions. 

4.3.4 Flicker — Impression of unsteadiness of visual 
sensation induced by a light stimulus whose luminance 
or spectral distribution fluctuates with time. 

4.3.5 Glare — Condition of vision in which there is 
discomfort or a reduction in the ability to see details or 
objects, caused by an unsuitable distribution or range of 
luminance, or to extreme contrasts. 

NOTE — In Russian, the terms 4.3.5 to 4.3.10 relate 
to the properties of the light sources and other luminous 
surfaces which disturb the condition of vision, and not 
to the changed condition of vision caused by an unsuitable 
distribution of luminance in the visual field. 

4.3.6 Direct Glare — Glare caused by self luminous 
objects situated in the visual field, especially near the 
line of sight. 

4.3.7 Glare by Reflections — Glare produced by 
reflections, particularly when the reflected images appear 
in the same or nearly the same direction as the object 
viewed. 

NOTE — Formerly reflected glare. 

4.3.8 Veiling Reflections — Specular reflections that 
appear on the object viewed and that partially or wholly 
obscure the details by reducing contrast. 

4.3.9 Discomfort Glare — Glare that causes discomfort 
without necessarily impairing the vision of objects. 

4.3.10 Disability Glare — Glare that impairs the vision of 
objects without necessarily causing discomfort. 

4.3.11 Equivalent Veiling Luminance (for Disability 
Glare or Veiling Reflections) — The luminance that, when 
added by superposition to the luminance of both the 
adapting backgrounds and the object, makes the 
luminance threshold or the luminance difference threshold 
the same under the two following conditions: a) Glare 
present, but no additional luminance; and b) Additional 
luminance present, but no glare. 

4.4 Colour Rendering 

4.4.1 Colour Rendering— Effect of an illuminant on the 
colour appearance of objects by conscious or 
subconscious comparison with their colour appearance 
under a reference illuminant. 

4.4.2 Reference Illuminant — An illuminant with which 
other illuminants are compared. 

8 NATIONAL LIGHTING CODE 
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NOTE — A more particular meaning may be needed in 
the case of i l luminants for colour reproduction. 

4.4.3 Colour Rendering Index (R) — Measure of the 
degree to which the psychophysical colour of an object 
illuminated by the test illuminant conforms to that of the 
same object illuminated by the reference illuminant, 
suitable allowance having been made for the state of 
chromatic adaptation. 

4.4.4 CIE 1974 Special Colour Rendering Index (Ri) — 
Measure of the degree to which the psychophysical colour 
of a CIE test colour sample illuminated by the test illuminant 
conforms to that of the same sample illuminated by the 
reference illuminant, suitable allowance having been made 
for the state of chromatic adaptation. 

4.4.5 CIE 1974 General Colour Rendering Index (Ra) — 
Mean of the CIE 1974 special colour rendering indices for 
a specified set of eight test colour samples. 

5 COLORIMETR Y 

5.1 Colour 

a) (Perceived) Colour — See 4.2.2; and 

b) (Psychophysical) Colour. 

A specification of a colour stimulus in terms of operationally 
defined values, such as three tristimulus values. 

NOTE — When the meaning is clear from the context 
the term colour may be used alone. 

5.2 Stimuli 

5.2.1 Colour Stimulus — Visible radiation entering the 
eye and producing a sensation of colour, either chromatic 
or achromatic. 

5.2.2 Colour Stimulus Function — Description of a 
colour stimulus by the spectral concentration of a 
radiometric quantity, such as radiance or radiant power, 
as a function of wavelength. 

5.2.3 Metameric Colour Stimuli, Metamers — 
Spectrally different colour stimuli that have the same 
tristimulus values. 

5.2.4 Achromatic Stimulus — A stimulus that, under the 
prevailing conditions of adaptation, gives rise to an 
achromatic perceived colour. 

NOTE — In the color imetry of object colours, the 
colour of the perfect reflecting or transmitting dif fuser 
i s usually considered to be an achromatic stimulus for 
all illuminants, except those whose light sources appear 
tc be highly chromatic. 

5.2.5 Chromatic Stimulus — A stimulus that, under the 
prevailing conditions of adaptation, gives rise to a 
chromatic perceived colour. 

NOTE — In the colorimetry or object colours, stimuli 
having purities greater than zero are usually considered 
to be chromatic stimuli. 
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5.4.4 Colour Space — Geometric representation of 
colours in space, usually of three dimensions. 

5.4.5 Colour Solid — That part of a colour space which 
contains surface colours. 

NOTE — In the CIE standard color imetr ic systems, 
the tr ist imulus values are represented by the symbols 

5.4.3 Tristimulus Values (of a Colour Stimulus) — 
Amounts of the three reference colouf stimuli, in a given 
trichromatic system, required to match the colour of the 
stimulus considered. 

NOTES 
1 These s t imu li are e i ther real co lour s t imu li or 

theore t i cal s t imu li wh ich are d e f i n ed by l inear 
combinat ions of real colour st imuli; the magnitude 
of each of these three re ference co lour st imuli i s 
exp ressed i n te rms of e i ther pho tome t r ic or 
radiometric units, or more commonly by specifying 
the ratios of their magni tudes or by stat ing that a 
spec i f ied add i t i ve mix tu re of these three st imuli 
matches a specified achromatic stimulus. 

2 In the CIE s tandard co lo r ime t r ic sys tems, the 
re fe rence co lour s t imu li are rep resen ted by the 

5.4.2 Reference Colour Stimuli—The set of three colour 
stimuli on which a trichromatic system is based. 

NOTE — The French and Russian terms apply mainly 
to the adjustment of equality of the f ie lds of a visual 
colorimeter, whereas the English and German terms apply 
equally well to the selection of two material specimens 
having the same colour under a given illuminant. 

5.4 Trichromati c Systems 

5.4.1 Colour Matching — Action of making a colour 
stimulus appear the same in colour as a given colour 
stimulus. 

NOTE — These i l luminants are intended to represent; 
A, Planckian radiation at a temperature of about 2 856 
K ; B, Di rect solar rad ia t ion (obso le te ); C, average 
daylight; and D65, daylight including the ultraviolet region. 

5.3.4 CIE Standard Sources — Artificia l sources 
specified by the CIE whose radiations approximate CIE 
standard illuminants A, B, and C. 

5.3 Illuminants 

5.3.1 Illuminant — Radiation with a relative spectral 
power distribution defined over the wavelength range that 
influences object colour perception. 

NOTE — In everyday English this term is not restricted 
to this sense, but is also used for any kind of light falling 
on a body or scene. 

5.3.2 Daylight Illuminant—Illuminant having the same 
or nearly the same relative spectral power distribution as 
a phase of daylight. 

5.3.3 CIE Standard Illuminants—The illuminants A, B, 
C, Dgs, and other illuminants D, defined by the CIE in terms 
of relative spectral power distributions. 
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NOTES 
1 For organic substances, the term phosphorescence 

applies generally to triplet singlet transitions. 
2 This term is sometimes used as a loose expression to 

designate other types of luminescence. 

6.1.9 Thermally Activated Luminescence; 
Thermoluminescence — Luminescence occurring when a 
previously excited luminescent material is heated. 

6.1.10 (Luminescence) Emission Spectrum — Spectral 
distribution of the radiation emitted by a luminescent 
material for a specified excitation. 

6.1.11 Stimulated Emission — Process of emission by 
quantum transition from an excited energy level to a lower 
level, triggered by incident radiation having the frequency 
of that transition. 

Unit: K 

NOTE — The reciprocal colour temperature is also 
used, unit K'1 

5.5.7 Correlated Colour Temperature (Tcp — The 
temperature of the Planckian radiator whose perceived colour 
most closely resembles that of a given stimulus at the same 
brightness and under specified viewing conditions. 

Unit: K 

NOTES 

1 The r e c o m m e n d ed method of ca l cu la t i ng the 
correlated colour temperature of a s t imulus is to 
determine on a chromaticity diagram the temperature 
corresponding to the point on the Planckian locus 

5.5.6 Colour Temperature (Tcp — The temperature of a 
Planckian radiator whose radiation has the same 
chromaticity as that of a given stimulus. 

that is intersected by the agreed isotemperature line 
containing the point representing the st imulus. 

2 Rec iprocal corre lated co lour tempera ture is used 
rather than reciprocal colour temperature whenever 
correlated colour temperature is appropriate. 

6 EMISSION , OPTICA L PROPERTIES OF 
MATERIAL S 

6.1 Emission 

6.1.1 Emission (of Radiation) — Release of radiant 
energy. 

6.1.2 Incandescence — Emission of optical radiation by 
the process of thermal radiation. 

NOTE — In USA, incandescence is restricted to visible 

radiat ion. 

6.1.3 Energy Level — Discrete quantum state of energy 
of an atom, a molecule or an ion. 

6.1.4 Excitation — Elevation of the energy levels of 
atoms, molecules or ions to higher energy levels. 

6.1.5 Luminescence — Emission, by atoms, molecules 
or ions in a material, of optical radiation which for certain 
wavelengths or regions of the spectrum is in excess of the 
radiation due to thermal emission from that material at the 
same temperature, as a result of these particles being 
excited by energy other than thermal agitation. 

NOTE — In the USA this term sometimes applies to 
emitted radiat ion. 

6.1.6 Photoluminescence Luminescence caused by 
absorption of optical radiation. 

6.1.7 Fluorescence — Photoluminescence in which the 
emitted optical radiation results from direct transitions 
from the photo-excited energy level to a lower level, these 
transitions taking place generally within 10 nano seconds 
after the excitation. 

6.1.8 Phosphorescence — Photoluminescence delayed 
by storage of energy in an intermediate energy level. 

5.5.4 Planckian Locus — The locus of points in a 
chromaticity diagram that represents chromaticities of the 
radiation of Planckian radiators at different temperatures. 

5.5.5 Daylight Locus — The locus of points in a 
chromaticity diagram that represents chromaticities of 
phases of daylight with different correlated colour 
temperatures. 

NOTE — In CIE s tandard co lo r imeter sys tem y is 
normally plotted as ordinate and x as abscissa, to obtain 
an x, y chromaticity diagram. 

5.5.2 Chromaticity — Property of a colour stimulus 
defined by its chromaticity coordinates, or by its dominant 
or complementary wavelength and purity taken together. 

5.5.3 Chromaticity Diagram —A plane diagram in which 
a point specified by chromaticity coordinates represents 
the chromaticities of colour stimuli. 

5.4.6 CIE 1931 Standard Colorimetric System (XYZ) — 
A system for determining the tristimulus values of any 
spectral power distribution using the set of reference 
colour stimuli [X] , [Y] , [Z] and the three CIE colour 

NOTES 
1 As the sum of the three chromat ic i ty coord inates 

equa ls 1, two of them are su f f i c i ent to de f ine a 
chromat ic i ty. 

2 In the CIE s tandard co lo r ime t r ic sys tems, the 
ch romat i c i ty coo rd ina tes are represented by the 

5.5 Chromaticit y 

5.5.1 Chromaticity Coordinates — Ratio of each of a 
set of three tristimulus values to their sum. 

proport ional to luminances. 
2 This standard color imetr ic system is appl icable to 

centrally viewed fields of angular size between about 
l°and about 4° (0.017 and 0.07 rad). 
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6.1.12 LASER  —  Source  emitting  coherent  optical 

radiation  produced  by  simulated  emission. 

6.1.13 Light Emitting Diode; LED (Abbreviation) — 

Solid  state  device  embodying  a  p-n  junction,  emitting 

optical  radiation when excited  by an electric current. 

6.2  Optical Properties of Materials 

6.2.1 Reflection  —  Process  by  which  radiation  is 

returned  by  a  surface  or  a  medium,  without  change  of 

frequency  of its  monochromatic  components. 

NOTES 

1  Part  of  the  radiation  fa l l ing  on  a  medium  is  reflected 

a t  the  s u r f a c e  o f  the  m e d i u m  ( s u r f a c e  r e f l e c t i o n ) ; 

another  part  may  be  scattered  back  from  the  interior 

of  the  medium  ( v o l u m e  ref lect ion) . 

2  T h e  f r e q u e n c y  i s  u n c h a n g e d  o n l y  i f  t h e r e  i s
%

n o 

Doppler  e f f e c t  d u e  to  the  mot ion  o f  the  m a t e r i a l s 

f rom  which  the  radiation  is  returned. 

6.2.2 Transmission  —  Passage  of  radiation  through  a 

medium  without  change  of  frequency  of  its 

monochromatic  components. 

6.2.3 Diffusion Scattering  —  Process  by  which  the 

spatial  distribution of a beam of radiation is changed when 

it  is  deviated  in  many  directions  by  a  surface  or  by  a 

medium,  without  change  of  frequency  of  its 

monochromatic  components. 

NOTES 

1  A  distinction  is  made  between  selective  d i f fus ion  and 

non-selective  d i f fus ion  according  to  whether  or  not  the 

d i f f u s i n g  properties  vary  with  the  wavelength  of  the 

incident  radiation. 

2 See  6 .2 .1 . 

6.2.4 Regular Reflection; Specular Reflection — 

Reflection  in  accordance  with  the  laws  of geometrical 

optics,  without diffusion. 

6.2.5 Regular Transmission; Direct Transmission — 

Transmission  in  accordance with  the  laws  of geometrical 

optics,  without diffusion. 

6.2.6 Diffuse Reflection  —  Diffusion  by  reflection  in 

which,  on  the  macroscopic  scale,  there  is  no  regular 

reflection. 

6.2.7 Diffuse Transmission  —  Diffusion  by  transmission 

in  which,  on  the  macroscopic  scale,  there  is  no  regular 

transmission. 

6.2.8 Mixed Reflection  —  Partly  regular  and  partly 

diffuse reflection. 

6.2.9 Isotropic Diffuse Reflection  —  Diffuse  reflection 

in  which  the  spatial  distribution of the reflected radiation 

is  such  that  the  radiance  or  luminance  is  the  same  in  all 

directions  in  the  hemisphere  into  which  the  radiation  is 

reflected. 

6.2.10Isotropic Diffuse Transmission  —  Dif fuse 

transmission  in  which  the  spatial  distribution  of  the 

transmitted radiation is such that the radiance or luminance 
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N O T E S 

1  The  d i f fus ion  factor  is  intended  to  g ive  an  indication 

of  the  spatial  distr ibution  of  the  d i f f u s e d  f l u x .  It  is 

equal  to  1  for  every  isotropic  d i f f u s e r ,  whatever  the 

v a l u e  of  the  d i f f u s e  re f lectance  or  transmittance. 

2  T h i s  w a y  o f  d e f i n i n g  the  d i f f u s i o n  f a c t o r  may  be 

applied  only  to  materials  for  which  the  indicatrix  of 

Unit: 1 

6 . 2 . 1 9 Diffusion Factor (of a Diffusing Surface, by 

Reflection or by Transmission) (σ)  —  Ratio  of the  mean 

of the values of luminance measured at 20° and  70°  (0.35 

and  1.22  radian)  to  the  luminance  measured  at  5°  (0.09 

radian)  from  the  normal,  when the  surface  considered  is 

illuminated  normally. 

Unit: 1 

6.2.16 Gloss (ofa surface)  —  The  mode  of appearance  by 

which  reflected  highlights  of  objects  are  perceived  as 

superimposed  on  the  surface  due  to  the  directionally 

selective  properties  of that  surface. 

6.2.17 Absorption  —  Process  by  which  radiant  energy  is 

converted to a different form of energy by interaction with 

matter. 

6.2.18 Reflectivity (of a Material)(p )  —  Reflectance  of 

a  layer of the  material  of such a thickness that there  is no 

change  of reflectance  with  increase  in  thickness. 

of the surface element in a direction at an angle 0from the 

normal to  the surface and  in the  direction of that normal, 

respectively. 

6.2.15 Reflectance (for Incident Radiation of Given 

Spectral Composition, Polarization and Geometrical 

Distribution)(p)  —  Ratio  of  the  reflected  radiant  or 

luminous  flux to the  incident flux  in the given conditions 

is the same  in all directions  in the hemisphere  into which 

the  radiation  is  transmitted. 

6.2.11 Diffuser  —  Device  used  to  alter  the  spatial 

distribution of radiation  and  depending essentially on the 

phenomenon  of diffusion. 

N O T E  —  If  all  the  radiat ion  re f lec ted  or  t ransmit ted 

by  the  d i f f u s e r  is  d i f f u s e d  with  no  regular  reflection  or 

transmission,  the d i f fuser  is  said  to  be completely d i f fus ing; 

i n d e p e n d e n t l y  o f  w h e t h e r  o r  not  t h e  r e f l e c t i o n  o r 

transmission  is  isotropic. 

6.2.12 Perfect Reflecting Diffuser  —  Ideal  isotropic 

diffuser with a reflectance equal to  1. 

6.2.13 Perfect Transmitting Diffuser  —  Ideal  isotropic 

diffuser with a transmittance equal to  1. 

6.2.14Lambert's (Cosine) Law  —  For  a  surface  element 

whose radiance or luminance  is the same  in all directions 

of the  hemisphere  above  the  surface: 

are the radiant or  luminous  intensities where, 
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di f fus ion does not d i f fer appreciably f rom that of 
ordinary opal glass. 

6.2.20 Liquid Crystal Display; LCD — A display device 
which uses certain liquid crystals whose reflectance or 
transmittance may be changed by applying an electric 
field. 

6.2.21 Refractive Index (of a Medium, for a 
Monochromatic Radiation of Wavelength X in vacuum); 

6.2.22 Dispersion 

a) Phenomenon of change in the velocity of 
propagation of monochromatic radiations in a 
medium as a function of the frequency of these 
radiations; 

b) Property of a medium giving rise to this 
phenomenon; and 

c) Property of an optical system resulting in the 
separation of the monochromatic components 
of a radiation, obtained for example by means of 
prisms or gratings. 

6.2.23 Transparent Medium — Medium in which the 
transmission is mainly regular and which usually has a 
high regular transmittance in the spectral range of interest. 

N O TE — Objec ts may be seen d is t inct ly through a 
medium which is transparent in the visible region, if the 
geometric form of the medium is suitable. 

6.2.24 Translucent Medium — Medium which transmits 
visible radiation largely by diffuse transmission, so that 
objects are not seen distinctly through it. 

7 RADIOMETRIC , PHOTOMETRI C AND 
COLORIMETRI C MEASUREMENTS, PHYSICAL 
DETECTORS 

7.1 General Terms and Instruments 

7.1.1 Comparison Lamp — Light source having a 
constant but not necessarily known luminous intensity, 
luminous flux, or luminance, with which a standard lamp 
and the light source under test are successively compared. 

7.1.2 Colorimetry — Measurement of colours based on 
a set of conventions. 

7.1.3 Illuminance Meter — Instrument for measuring 
illuminance. 

7.1.4 Luminance Meter — Instrument for measuring 
luminance. 

7.1.5 Colorimeter — Instrument for measuring 
colorimetric quantities, such as the tristimulus values of a 
colour stimulus. 

7.1.6 Flicker Photometer—Visual photometer in which 
the observer sees either an undivided field illuminated 
successively, or two adjacent fields illuminated alternately, 
by two sources to be compared, the frequency of 
alternation being conveniently chosen so that it is above 
the fusion frequency for colours but below the fusion 
frequency for brightnesses. 

7.1.7 Goniophotometer — Photometer for measuring the 
directional light distribution characteristics of sources, 
luminaires, media or surfaces. 

7.1.8 Integrating Sphere; Ulbricht Sphere — Hollow 
sphere whose internal surface is a diffuse reflector, as 
non-selective as possible. 

NOTE — An integrating sphere is used frequently with 
a radiometer or photometer. 

7.1.9 Integrating Photometer — Photometer for 
measuring luminous flux, generally incorporating an 
integrating sphere. 

7.1.10 Reflectometer — Instrument for measuring 
quantities pertaining to reflection. 

7.2 Physical Detectors of Optical Radiation 

7.2.1 Photoelectric Detector — Detector of optical 
radiation which utilizes the interaction between radiation 
and matter resulting in absorption of photons and the 
consequent liberation of electrons from their equilibrium 
state thereby generating an electric potential or current or 
a change in electric resistance excluding electrical 
phenomenon caused by temperature changes. 

7.2.2 Photoemissive Cell; Phototube — Photoelectric 
detector that utilizes emission of electrons caused by 
optical radiation. 

7.2.3 Photoelement; Photovoltaic Cell — Photoelectric 
detector that utilizes the electromotive force produced by 
the absorption of optical radiation. 

7.2.4 Dark Current (IQ) — Output current of a 
photoelectric detector or of its cathode in the absence of 
incident radiation. 

8 LIGH T SOURCES 

8.1 General Terms 

8.1.1 Primary Light Source — Surface or object emitting 
light produced by a transformation of energy. 

8.1.2 Secondary Light Source — Surface or object which 
is not self emitting but receives light and redirects it, at 
least in part, by reflection or transmission. 
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in vacuum to the phase velocity or tne waves or the 
monochromatic radiation in the medium. 

Unit: 1 

NOTE — For isotropic media, this index is equal to the 

Ratio of the velocity of the electromagnetic waves 

separating vacuum and medium: 

ratio of the sines of the angles of incidence 
ref ract ion af a ray pass ing through the sur face 



8.1.3 Lamp—Source made in order to produce an optical 
radiation usually visible. 

NOTE — This term is also used for certain types of 
luminaires. 

8.2 Incandescent Lamps 

8.2.1 Incandescent (Electric) Lamp — Lamp in which 
light is produced by means of an element heated to 
incandescence by the passage of an electric current. 

8.2.2 Carbon Filament Lamp — Incandescent lamp 
whose luminous element is a filament of carbon. For the 
shapes of filament, see 9.3, 9.4 and 9.5. 

8.2.3 Metal Filament Lamp — Incandescent lamp whose 
luminous element is a filament of metal. For the shapes of 
filament, see 9.3,9.4 and 9.5. 

8.2.4 Tungsten Filament Lamp — Incandescent lamp 
whose luminous element is a filament of tungsten. For the 
shapes of filament, see 9.3, 9.4 and 9.5. 

8.2.5 Vacuum (Incandescent) Lamp — Incandescent 
lamp in which the luminous element operates in an 
evacuated bulb. 

8.2.6 Gas Filled (Incandescent) Lamp — Incandescent 
lamp in which the luminous element operates in a bulb 
filled with an inert gas. 

8.2.7 Tungsten Halogen Lamp — Gas filled lamp 
containing halogens or halogen compounds, the filament 
being of tungsten. 

NOTE — Iodine lamps belong to this category. 

8.3 Discharge Lamps and Arc Lamps 

8.3.1 Electric Discharge (in a Gas) — The passage of 
an electric current through gases and vapours by the 
production and movements of charge carriers under the 
influence of an electric field. 

NOTE — The phenomenon results in the emission of 
electromagnetic radiation which plays an essential part 
in all its applications in lighting. 

8.3.2 Glow Discharge — Electric discharge in which the 
secondary emission from the cathode is much greater than 
the thermionic emission. 

N O TE — Th is d i scha rge is cha rac te r i zed by a 
considerable cathode fall (typically 70 V or more) and 
by low current density at the cathode (say 10 A-nr2). 

8.3.3 Arc Discharge; Electric Arc (in a Gas or in a 
Vapour) — Electric discharge characterized by a cathode 
fall which is small compared with that in a glow discharge. 

NOTE — The emission of the cathode results f rom 
various causes (thermionic emission, field emission, etc.) 
ac t ing s imu l taneous ly or separate ly, but secondary 
emission plays only a small part. 

8.3.4 Discharge Lamp — Lamp in which the light is 
produced, directly or indirectly, by an electric discharge 
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through a gas, a metal vapour or a mixture of several gases 
and vapours. 

NOTE — As the light is mainly produced in a gas or in a 
metal vapour, one distinguishes between gaseous discharge 
lamps, for example xenon, neon, helium, nitrogen, carbon 
dioxide lamp, and metal vapour lamps, such as the mercury 
vapour lamp and the sodium vapour lamp. 

8.3.5 High Intensity Discharge Lamp; HID Lamp — An 
electric discharge lamp in which the light producing arc is 
stabilized by wall temperature and the arc has a bulb wall 
loading in excess of 3 watts per square centimeter. 

NOTE — HID lamps include groups of lamps known as 
high pressure mercury, metal halide and high pressure 
sodium lamps. 

8.3.6 High Pressure Mercury (Vapour) Lamp — A high 
intensity discharge lamp in which the major portion of the 
light is produced, directly or indirectly, by radiation from 
mercury operating at a partial pressure in excess of 100 kPa. 

N O TE — This term covers clear, phosphor coated 
(mercury fluorescent) and blended lamps. In a fluorescent 
mercury discharge lamp, the light is produced partly by 
the mercury vapour and partly by a layer of phosphors 
excited by the ultraviolet radiation of the discharge. 

8.3.7 Blended Lamp; Self Ballasted Mercury Lamp — 
Lamp containing in the same bulb a mercury vapour lamp 
and an incandescent lamp filament connected in series. 

NOTE — The bulb may be d i f fus ing or coated with 
phosphors. 

8.3.8 Low Pressure Mercury (Vapour) Lamp — A 
discharge lamp of the mercury vapour type, with or v/ithout 
a coating of phosphors, in which during operation the 
partial pressure of the vapour does not exceed 100 Pa. 

8.3.9 High Pressure Sodium (Vapour) Lamp — A high 
intensity discharge lamp in which the light is produced 
mainly by radiation from sodium vapour operating at a 
partial pressure of the order of 10 kPa. 

NOTE — The term covers lamps with a clear or diffusing 
bulb. 

8.3.10low Pressure Sodium (Vapour) Lamp — A 
discharge lamp in which the light is produced by radiation 
from sodium vapour operating at a partial pressure of 0.1 
to 1.5 Pa. 

8.3.11 Metal Halide Lamp — A high intensity discharge 
lamp in which the major portion of the light is produced 
from a mixture of a metallic vapour and the products of the 
dissociation of halides. 

NOTE — The term covers clear and phosphor coated 
lamps. 

8.3.12 Fluorescent Lamp —A discharge lamp of the low 
pressure mercury type in which most of the light is emitted 
by one or several layers of phosphors excited by the 
ultraviolet radiation from the discharge. 

NOTE — These lamps are frequently tubular and, in 
the UK, are then usually called fluorescent tubes. 
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8.3.13 Cold Cathode Lamp — A discharge lamp in which 
the light is produced by the positive column of a glow 
discharge. 

NOTE — Such a lamp is generally fed from a device 
providing suff icient voltage to initiate starting without 
special means. 

8.3.14 Hot Cathode Lamp — A discharge lamp in which 
the light is produced by the positive column of an arc 
discharge. 

NOTE — Such a lamp generally requires a special starting 
device or circuit. 

8.3.15Cold-start Lamp; Instant-start Lamp — A 
discharge lamp designed to start without preheating of 
the electrodes. 

8.3.16 Preheat Lamp; Hot-start Lamp — A hot cathode 
lamp which requires preheating of the electrodes for 
starting. 

8.3.17 Switch-start Fluorescent Lamp — A fluorescent 
lamp designed to operate in a circuit requiring a starter for 
the preheating of the electrodes. 

8.3.18 Starterless Fluorescent Lamp — A fluorescent 
lamp of cold or hot start type designed to operate with an 
auxiliary equipment which enables it, when switched on, 
to start rather quickly without the intervention of a starter. 

8.3.19 Arc Lamp—A discharge lamp in which the light is 
emitted by an arc discharge and/or by its electrodes. 

N O TE — The e lec t rodes may be e i ther of carbon 
(operating in air) or of metal. 

8.3.20 Short-arc Lamp; Compact-source Arc Discharge 
Lamp—An arc lamp, generally of very high pressure, in 
which the distance between the electrodes is of the order 
of 1 to 10 mm. 

N O TE — Cer ta in mercury vapour or xenon lamps 

belong to this type. 

8.3.21 Long-arc Lamp — An arc lamp, generally of high 
pressure, in which the distance between the electrodes is 
large, the arc fillin g the discharge tube and being therefore, 
stabilized. 

8.4 Lamps of Special Types or for Special Purposes 

8.4.1 Prefocus Lamp — Incandescent lamp in which, 
during manufacture, the luminous element is accurately 
adjusted to a specified position with respect to locating 
devices that form part of the cap. 

8.4.2 Reflector Lamp — Incandescent or discharge lamp 
in which part of the bulb, of suitable shape, is coated with 
a reflecting material so as to control the light. 

8.4.3 Pressed Glass Lamp — A reflector lamp, the bulb 
of which consists of two glass parts fused together, namely 
a metallized reflecting bowl and a patterned cover forming 
an optical system. 

8.4.4 Sealed Beam Lamp—A pressed glass lamp designed 
to give a closely controlled beam of light. 

8.4.5 Projector Lamp — Lamp in which the luminous 
element is so mounted that the lamp may be used with an 
optical system projecting the light in chosen directions. 

NOTE — This term includes various types of lamp such 
as floodlight lamps, spotlight lamps, studio lamps, etc. 

8.4.6 Projection Lamp — Lamp in which the luminous 
element is of relatively concentrated form and is so 
mounted that the lamp may be used with an optical system 
for the projection of either still or motion pictures on a 
screen. 

8.4.7 Photoflood Lamp — Incandescent lamp of 
especially high colour temperature, often of the reflector 
type, for lighting objects to be photographed. 

8.4.8 Photoflash Lamp—Lamp emitting, by combustion 
within a bulb, a large quantity of light in a single flash of 
very short duration, for lighting objects to be 
photographed. 

8.4.9 Flash Tube: Electronic Flash Lamp — Discharge 
lamp to be operated with an electronic equipment in order 
to give a high light output for a very brief period, capable 
of repetition. 

NOTE — T h is type of lamp may be used for l ighting 
objects to be photographed, for stroboscopic observation 
or for signaling purposes. 

8.4.10 Daylight Lamp — Lamp giving light with a spectral 
energy distribution approximating that of a specified 
daylight. 

8.4.11 Tungsten Ribbon Lamp; Strip Lamp — 
Incandescent lamp in which the luminous element is a 
tungsten ribbon. 

NOTE — This type of lamp is part icularly used as a 
standard in pyrometry and spectral radiometry. 

8.4.12 Infrared Lamp — Lamp which radiates especially 
strongly in the infrared, the visible radiation produced, if 
any, not being of direct interest. 

8.4.13 Ultraviolet Lamp — Lamp which radiates 
especially strongly in the ultraviolet, the visible radiation 
produced, if any, not being of direct interest. 

NOTE — There flr e several types of such lamps used 
for photob io log ica l, pho tochemical and b iomedical 
purposes. 

8.4.14 Bactericidal Lamp; Germicidal Lamp — Low 
pressure mercury vapour lamp with a bulb which transmits 
the bactericidal ultraviolet-C radiation. 

8.4.15 Spectroscopic Lamp — Discharge lamp which 
gives a well defined line spectrum and which, in 
combination with filters, may be used to obtain 
monochromatic radiation. 
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8.4.16 Reference Lamp — A discharge lamp selected for 
the purpose of testing bal lasts and which, when 
associated with a reference ballast under specified 
condition, has electrical values which are close to the 
objective values given in a relevant specification. 

8.4.17 Secondary Standard Lamp — Lamp intended to 
be used as a secondary photometric standard. 

8.4.18 Working Standard Lamp — Lamp intended to be 
used as a working photometric standard. 

8.5 Operational Conditions and Characteristics of 
Lamps 

8.5.1 Rated Luminous Flux (of a Type of Lamp) — The 
value of the initial luminous flux of a given type of lamp 
declared by the manufacturer or the responsible vendor, 
the lamp being operated under specified conditions. 

Unit: lm 

NOTE S 

1 The initial luminous flux is the luminous flux of a 
lamp after a short ageing period as specif ied in the 
relevant lamp standard. 

2 The rated luminous flux is sometimes marked on the 
lamp. 

8.5.2 Rated Power (of a Type of Lamp) — The value of 
the power of a given type of lamp 'declared by the 
manufacturer or the responsible vendor, the lamp being 
operated under specified conditions. 

Unit: W 

NOTE — The rated power is usually marked on the lamp 

8.5.3 Life (of a Lamp) — The total time for which a lamp 
has been operated before it becomes useless, or is 
considered to be so according to specified criteria. 

NOTE — Lamp lif e is usually expressed in hours. 

8.5.4 Life Test—Test in which lamps are operated under 
specified conditions for a specified time or to the end of 
lif e and during which photometr ic and electrical 
measurements may be made at specified intervals. 

8.5.5 Life to X Percent Failures — The length of time 
during which X percent of the lamps subjected to a lif e 
test reach the end of their lives, the lamps being operated 
under specified conditions and the end of lif e judged 
according to specified criteria. 

8.5.6 Average Life — The average of the individual lives 
of the lamps subjected to a lif e test, the lamps being 
operated under specified conditions and the end of lif e 
judged according to specified criteria. 

8.5.7 Luminous Flux Maintenance Factor; Lumen 
Maintenance (ofa Lamp) — Ratio of the luminous flux of 
a lamp at a given time in its lif e to its initial luminous flux, 
the lamp being operated under specified conditions. 

NOTE — This ratio is generally expressed in percent. 

8.5.8 Amplitude of Fluctuation of the Luminous Flux 
(of a Source run on Alternating Current) — Relative 
amplitude of the periodic fluctuation of the luminous flux 
as measured by the ratio of the difference between the 
maximum and the minimum luminous flux to the sum of 
both these values: 

NOTES 
1 This ratio is usually expressed in percent and is then 

known under the expression peri.cent f l icker which, 
however, should be depreciated. 

2 Another means sometimes used by the lighting industry 
to characterize the fluctuation in light output is, flicker 
index, which is defined by the ratio of two areas deduced 
from the diagram representing the variat ion of the 
instantaneous flux over a period of time; the area of 
the diagram above the average value is divided by the 
total area under the curve (this total area is the product 
of the average value and the given period of time). 

8.5.9 Lamp Voltage (of a Discharge Lamp) — The 
voltage between the electrodes of the lamp during stable 
operating conditions (the root mean square value in the 
case of an alternating current). 

8.5.10 Starting Time (of an Arc Discharge Lamp) — The 
time required for an arc discharge lamp to develop an 
electrically stable arc discharge, the lamp being operated 
under specified conditions and the time being measured 
from the moment its circuit is energized. 

NOTE — There is a time delay in the start ing device 
between the t ime when power is applied to this device 
and the time when power is applied to the lamp electrodes. 
The starting t ime is measured from the latter moment. 

8.5.11 Series Cathode Heating (of a Discharge Lamp) — 
Type of heating of the electrodes of a discharge lamp in 
Which the heating current flows through the electrodes in 
series. 

8.5.12 Series Cathode Pre-heating (of a Discharge 
Lamp) — Type of pre-heating of the electrodes of a 
discharge lamp in which the pre-heating current flows 
through the electrodes in series. 

8.5.13 Parallel Cathode Heating (of a Discharge 
Lamp) —Type of heating of the electrodes of a discharge 
lamp in which these electrodes are fed by separate circuits. 

NOTE — Each electrode is usually connected across a 
low voltage winding which may be part of the ballast and 
provides the heating current. In certain circuits, this low 
voltage is automatically decreased after the arc has struck. 

8.5.14 Parallel Cathode Pre-heating (of a Discharge 
Lamp) — Type of pre-heating of the electrodes of a 
discharge lamp in which these electrodes are fed by 
separate circuits. 

NOTE — Each electrode is usually connected across a 
low voltage winding which may be part of the ballast 
and provides the preheating current. In certain circuits, 
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this low voltage is automatically decreased after the arc
has struck.

9 COMPONENTSOF LAMPS AND AUXILIARY
APPARATUS

9.1 LuminousElement- The part of a lamp which
emits light.

9.2 Filament- Threadlike conductor, usually of
tungsten,which is heatedto incandescenceby the
passageof an electriccurrent.

9.3 StraightFilament- Filamentwhich isuncoiledand
straight or which consistsof uncoiled straight portions.

9.4 Single CoilFilament-Filament wound inthe form
ofahelix.

9.5 Coiled CoilFilament- Helical filamentwound into
a larger helix.

9.6 Bulb - Transparentor translucentgas tight
envelopeenclosingthe luminouselement(s).

9.7 ClearBulb - Bulb which istransparentto visible
radiation.

9.8 Frostedbulb - Bulb which is madediffusing by
rougheningits inner or outersurface.

9.9 Opal Bulb - Bulb in which all, or a layer,of the
material diffuses the light.

9.10 CoatedBulb - Bulb coated internally or externally
with a thin diffusing layer.

9.11 Reflectorizedbulb-Bulb having partof its interior
or exteriorsurfacecoatedto form areflectingsurface to
enhancethe light inparticulardirections.

NOTE - Such surfacesmay remain transparentto
certain radiations, inparticular to the infrared.

9.12 EnamelledBulb - Bulb coated with a layerof
translucentenamel.

9.13 ColouredBulb - Bulb madeofglass coloured in
the mass, orof clear glass coated internally or externally
with a coloured layerwhich may be transparent or diffusing.

9.14 HardGlassBulb-Bulbmadeofglass withahigh
softeningtemperatureand resistantto thermal shock.

9.15 Cap; Base - Thatpart ofa lamp whichprovides
connectionto the electrical supply by meansof a lamp
holder or lampconnectorand, in most cases, also serves
to retain the lamp in the lamp holder.

NOTE - The cap of a lamp and its correspondingholder
are generally identified by one or more letters followed
by a number which indicatesapproximatelythe principal
dimension (generally the diameter) of the cap in
millimeters. The standardcode is to be found in
IS 24 I8(Part 3) and 9206.

9.16 ScrewCap- Cap (internationaldesignationE)
having its shell in the formof a screw thread which
engagesthe lamp holder.
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9.17 BayonetCap- Cap(internationaldesignationB)
with bayonetpins on its shell whichengagein slots in a
lamp holder.

9.18 Shell Cap - Cap (internationaldesignationS)
having asmoothcylindrical shell.

9.19 PinCap- Cap(internationaldesignationF for a
single pin, G for two or more pins) which has one or more
pins.

9.20 Pre-focusCap- Cap (internationaldesignation
P) whichenablesthe luminouselementto bebroughtinto
aspecifiedposition relative to the cap duringmanufacture
of the lamp sothat reproduciblepositioning may be
assured when the lamp is inserted in a suitable lamp holder.

9.21 BayonetPin - Small pieceofmetal which projects
from the shellof a cap,particularlya bayonetcap, and
which engagesin a slot in a lampholderto fix the cap.

9.22 ContactPlate- Pieceofmetal, insulated from the
shell of the cap, which isconnectedto oneofthe lead in
wires andprovidesconnectionto theelectricsupply.

9.23 Pin; Post- Pieceofmetal, usuallyofcylindrical
shape, fixed at the endof the cap so as toengagein the
correspondinghole in a lampholder for fixing the cap
and/orfor makingcontact.

NOTE - The pin and postgenerally indicate a
difference in size, a pin being smaller than a post.

9.24 Lampholder- A devicewhich holds the lamp in
position, usually by having the cap inserted in it, in which
case it alsoprovides the meansofconnectingthe lamp to
the electricsupply.

NOTE - The termsocket or, when thecontext is
clear, the abbreviation holder are commonly used instead
of lamp holder.

9.25 MainElectrode(ofaDischargeLamp)-Electrode
through which the dischargecurrent passes afterthe
dischargehas beenstabilized.

9.26 StartingElectrode(of a DischargeLamp) -
Auxiliary electrodefor startingthe dischargein a lamp.

9,27 Arc Tube- The enclosurein which the arcof the
lamp isconfined.

9.28 EmissiveMaterial-Material deposited on a metal
electrodeto promotethe emissionof electrons.

9.29 StartingStrip- Narrowconductingstrip placed
longitudinallyon the internal orexternalwall ofatubular
dischargelamp for assistingin starting.

NOTE - The strip may be connected to one or both
of the shells of the caps or, possibly, to an electrode.

9.30 StartingDevice-Apparatuswhich provides,by
itself or in combinationwith other componentsin the
circuit, the appropriate electrical conditions needed to start
adischargelamp.
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9.31 Starter-Astarting device, usually forfluorescent
lamps, which provides for the necessarypreheatingof
the electrodesand, in combinationwith the series
impedanceof the 'ballast,causesa surge in the voltage
appliedto the lamp.

9.32 Ignitor - A deviceintended,eitherby itselfor in
combinationwith othercomponents,to generatevoltage
pulses tostarta dischargelampwithout providingfor the
pre-heatingthe electrodes.

9.33 Ballast- A deviceconnectedbetweenthesupply
and one or moredischargelampswhich servesmainly to
limit the currentof the lamp(s)to therequiredvalue.

NOTE - A ballast may also include means for
transformingthe supply voltage, correctingthe power
factor and,eitheralone or incombinationwith a starting
device, provide the necessaryconditions for starting
the lamprs).

9.34 SemiconductorBallast - A unit comprising
semiconductordevicesand stabilizing elementsfor the
operationunder acpowerofone or moredischargelamps
and energizedby a de or an acsource.

9.35 ReferenceBallast - A special inductive type
ballastdesignedfor the purposeofprovidingcomparison
standardsfor use intestingballasts,for the selectionof
referencelamps and fortestingregularproductionlamps
under standardizedconditions.

9.36 Dimmer- Adevice in the electric circuit for varying
the luminous flux from lamps in a lighting installation.

10 LIGHTING TECHNOLOGY, DAYLIGHTING

10.1 GeneralTerms

10.1.1 Lighting; Illumination~ Applicationof light to a
scene,objectsor their surroundingsso that they may be
seen.

NOTE - This term is also usedcolloquially with the
meaning 'lighting system'or 'lighting installation',

10.1.2Lighting Technology; Illuminating
Engineering-Applicationsoflighting consideredunder
their various aspects.

10.1.3 Luminous Environment- Lighting consideredin
relation to its physiologicaland psychologicaleffects.

10.1.4 Visual Performance- Performanceof the visual
system as measuredfor instanceby the speedand
accuracywith which a visual task isperformed.

10.1.5EquivalentContrast (of a Task)- Luminance
contrastofa visibility reference task having equal visibility
at the sameluminancelevel asthatofthe taskconsidered.

10.2 TypesofLighting

10.2.1 GeneralLighting-Substantiallyuniform lighting
ofan area withoutprovisionfor special localrequirements.
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10.2.2 LocalLighting - Lighting for a specific visual
task, additional to and controlled separatelyfrom the
generallighting.

10.2.3LocalizedLighting - Lighting designedto
illuminate an areawith a higher illuminance at certain
specifiedpositions,for instancethose at which work is
carriedout.

10.2.4 Permanent Supplementary Artificial Lighting (in
Interiors) - Permanentartificial lighting intendedto
supplementthe natural lighting of premises,when the
natural lighting is insufficient or objectionable,ifusedalone.

NOTE - This type of lighting is generallydenotedin
brief by the initial letters PSALI of the words of the
English term.

10.2.5 EmergencyLighting- Lighting providedfor use
when thesupplyto the normal lighting fails.

10.2.6 Escape Lighting- Thatpartofemergencylighting
providedto ensurethatanescaperoute may beeffectively
identified and used.

10.2.7SafetyLighting- That partofemergencylighting
provided to ensurethe safety of people involved in a
potentially hazardousprocess.

10.2.8Stand-byLighting - That part of emergency
lighting providedto enablenormal activities to continue
substantially unchanged.

10.2.9 DirectLighting-Lighting by meansofluminaires
havinga distributionof luminous intensitysuch that the
fraction oftheemittedluminous fluxdirectly reachingthe
working plane, assumedto be unbounded,is 90 percent
to 100percent.

10.2.10 Semi DirectLighting - Lighting of meansof
luminaires having adistributionofluminousintensity such
that the fraction of the emitted luminous flux directly
reachingthe working plane,assumedto be unbounded,
is 60 percentto 90 percent.

10.2.11 GeneralDiffusedLighting-Lighting by means
of luminaireshavinga distributionof luminousintensity
such that thefractionofthe emittedluminousflux directly
reachingthe working plane,assumedto be unbounded,
is 40 per-centto 60percent.

10.2.12 Semi IndirectLighting - Lighting by meansof
luminaires having adistributionofluminousintensity such
that the fraction of the emitted luminous flux directly
reachingthe working plane, assumedto be unbounded,
is 10percentto 40 percent.

10.2.13 Indirect Lighting - Lighting by meansof
luminaires having adistributionofluminousintensity such
that the fraction of the emitted luminous flux directly
reachingthe working plane,assumedto be unbounded,
is 0 percentto 10percent.
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10.2.14 Directional Lighting - Lighting in which the
light on the working plane or on an object is incident
predominantlyfrom aparticulardirection.

10.2.15DiffusedLighting-Lighting in whichthe light
on the working plane or on an object is not incident
predominantlyfrom a particulardirection.

10.2.16Floodlighting - Lighting of a sceneor object,
usuallyby projectors,in order to increaseconsiderably
its illuminancerelativeto its surroundings.

10.2.17 Spotlighting ~ Lighting designedto increase
considerablythe illuminance of a limited areaor of an
object relative to the surroundings,with minimum
diffused lighting.

10.3 TermsUsed in Lighting Calculations

10.3.1 Illuminance Vector (at a Point)- Vector quantity
equal to the maximum difference between the
illuminanceson oppositesidesof an elementof surface
throughthe point considered,thatvectorbeingnormalto
and away from thesidewith the greaterilluminance.

10.3.2Distribution ofLuminous Intensity (Spatial)(ofa
Source)- Display, by meansof curvesor tables,of the
valueoftheluminousintensityofthesourceas afunction
ofdirection in space.

10.3.3SymmetricalLuminousIntensity Distribution(of
a Source)- Distribution of luminous intensity having
an axisof symmetryor at leastone planeof symmetry.

NOTE - Sometimesthis term is used in the senseof
the term 10.3.4.This usage is to bediscouraged.

10.3.4 Rotationally SymmetricalLuminousIntensity
Distribution (of a Source)- Distribution of luminous
intensity which may be representedby rotating around
an axisof a polar luminous intensity distribution curve
in a planecontainingthat axis.

10.3.5 Mean Spherical Luminous Intensity
(ofa Source)- Averagevalueof the luminousintensity
of the sourcein all directions,equal to thequotientof its
luminousflux by the solidangle4n-sr.

10.3.6 Iso-intensity Curve; Iso-intensity Line; Isocandela
Curve or Line (Deprecated)(ofa Source)- Curvetraced
on a spherethat has itscentreat the light centreof the
source,joining all the points correspondingto those
directionsin which the luminousintensityis the same, or
a planeprojectionof that curve.

10.3.7Iso-intensityDiagram; IsocandelaDiagram
(Deprecated)- Array of iso-intensitycurves.

10.3.8HalfPeak Divergence;One-HalfPeakSpread(of
a Projector, in aSpecifiedPlane)- Angularextentof'all
the radiusvectorsofthe polarcurveofluminousintensity
in the specifiedplane having lengthsgreaterthan 50
percentofthemaximum.
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NOTE - In British practice beam spread relates to the
total angle within which the illuminance on a plane
normal to the axisof the beamexceeds10 percentof
the maximum.

10.3.9 CumulativeFlux (of a Source,for a Solid
Angle) - Luminous flux emitted by the sourceunder
operatingconditions,within a cone having a vertically
downwardaxis andenclosingto the solid angle.

10.3.10 Zonal Flux(ofaSource,fora Zone)- Difference
ofthe cumulativefluxesofthe sourcefor the solidangles
subtendedby theupperandlowerboundariesofthe zone.

10.3.11 TotalFlux(ofaSource)-Cumulativeflux ofthe
sourcefor the solid angle4n-sr.

10.3.12DownwardFlux (ofa Source)- Cumulativeflux
ofthe sourcefor the solid angle 2n-sr,belowthehorizontal
planepassingthrough the source.

10.3.13 Upward Flux(ofa Source)- Differenceoftotal
anddownwardfluxes.

10.3.14 OpticalLight Output Ratio(ofa Luminaire) -
Ratio of the total flux of the luminaire, measuredunder
specifiedconditions,to the sumofthe individual luminous
fluxesofthelampswheninsidethe luminaire.

NOTE - For luminairesusing incandescentlamps only,
the optical light output ratio and the lightoutput ratio
are thesamein practice.

10.3.15 Light Output Ratio(ofa Luminaire); Luminaire
Efficiency- Ratio of the total flux of the luminaire,
measuredunderspecifiedpracticalconditionswith its own
lamps and equipment,to the sum of the individual
luminousfluxes ofthe same lampswhenoperatedoutside
the luminaire with the sameequipment,underspecified
conditions.

10.3.16 Downward Light Output Ratio (of a
Luminaire)- Ratioofthedownwardflux oftheluminaire,
measuredunderspecifiedpracticalconditionswith its own
lamps and equipment,to the sum of the individual
luminousfluxes ofthesame lamps whenoperatedoutside
the luminaire with the sameequipment,underspecified
conditions.

10.3.17 Direct Flux (on a Surface)- Luminous flux
receivedby thesurfacedirectly from a lighting installation.

10.3.18 Indirect Flux (on a Surface)- Luminous flux
receivedby the surfacefrom a lighting installation,after
reflectionfrom othersurfaces.

10.3.19 Installation Flux Density (for an Interior
Lighting) - Quotientof the sumof the individual total
fluxes of the luminairesof an installation, by the floor
area.

Unit: lm.m?

10.3.20 ReferenceSurface- Surfaceon which
illuminanceis measuredor specified.
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10.3.21 Work Plane; WorkingPlane-Referencesurface
defined as the plane at which work is usually done.

NOTE - In interior lighting and unlessotherwise
indicated, this plane is assumed to be a horizontal plane
0.85 m above the floor and limited by the walls of the
room.

10.3.22 Utilization Factor - (CoefficientofUtilization
ofan Installation, for a ReferenceSurface)- Ratio of
the luminousflux received by the reference surface to the
sumoftheindividual fluxesof the lampsof theinstallation.

10.3.23 Uti/ance (of an Installation, for a Reference
Surface)(U) -- Ratio of the luminousflux received by the
reference surface to the sum of the individual total fluxes
ofthe luminairesofthe installation.

10.3.24RoomIndex; Installation Index (K) - Number
representativeof the geometry of the room between the
working plane and the plane of the luminaires, used in
calculation of utilization factor or utilance.

NOTES
1 Unlessotherwise indicated, the room index(K) is

given by the formula:

K = ----E!!.-
h(a + b)

in which a and b are the dimensions of the sides of
the room and h themounting height, that is the
distance between the working place and the plane of
the luminaires.

2 In British practice, the ceiling cavity index is
calculatedfrom the same formula except thath is
the distance from ceiling to luminaires.

3 In the USA, the term room cavity ratio is currently
used. This is equal to five times the reciprocal of the
room index defined by the formula in Note I. Two
supplementaryterms are used, ceiling cavity ratio
and floor cavity ratio whichare derived in the same
way as the roomcavity ratio except that h is
respectivelythe distancefrom the ceiling to the
luminaires and from the floor to the working plane.

10.3.25 Iso-luminanceCurve - Locusof points on a
surface at which the luminance is the same, for given
positions of the observer and of the source or the sources
in relation to the surface.

10.3.26 Iso-illuminanceCurve; Iso-illuminanceLine;
Iso-lux Curve or Line (Deprecated)- Locus of points
on a surface where the illuminance has the same value.

10.3.27 Uniformity Ratio of Illuminance (on a Given
Plane)- Ratiooftheminimumilluminanceto theaverage
illuminanceon the plane.

NOTE - Usc is made also of a) theratio of the
minimum to the maximum illuminance.and b) the inverse
of either of these two ratios.

10.3.28 Light Loss Factor; MaintenanceFactor
(Obsolete)- Ratio of the average illuminance on the
working place after a certain period of use of a lighting
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installationto the average illuminanceobtained under the
same conditions of the installation considered
conventionally asnew.

NOTES
I The term depreciation factor has been formerly used

to designate the reciprocal of the above ratio.
2 The light losses take into account dirt accumulation

on luminaire and room surfaces aha lamp
depreciation.

10.3.29 Service Illuminance (of an Area) - Mean
illuminance during one maintenancecycle of an
installation averaged over the relevant area.

NOTE - The area may be either the whole area of the
working plane in an interior or the working areas.

10.3.30BallastLumenFactor - Ratioof the luminous
flux emitted by a reference lamp when operated with a
particular production ballast to the luminousflux emitted
by the same lampwhen operated with its referenceballast.

10.4 TermsRelatingto DistanceMeasurements

10.4.1Light Centre(ofa Source)- Point used as origin
for photometric measurements and calculations.

10.4.2TestDistance(for PhotometricMeasurements)-
Distancefromthe lightcentreto the surfaceof thedetector.

10.4.3Spacing(in an Installation) - Distance between
the lightcentres of adjacent luminairesof the installation.

10.4.4 SuspensionLength (of a Luminaire in an
Interior) - Distance between the ceiling and the light
centre of the luminaire.

10.5 TermsRelatingto Interretlection

10.5.1Interreflection- General effectofthereflections
of radiation between several reflecting surfaces.

10.5.2 Configuration Factor (BetweenTwo SurfacesSj
andS) (ci) - Ratioofirradianceor illuminance(E) at a
point onsurfaceSj dueto the fluxreceivedfromthe surface
S, to the radiant or luminous exitance(M) of surface S.

J E J J

cij =- '
~

Unit: I

10.5.3 Form Factor (BetweenTwo SurfacesS.and S.)
I J

(f.,) - Ratioofthe averageradiantorluminousfluxdensity
(C/J.) received over surface SofareaA. from surface S.to

I I 1 J

the radiant or luminous exitance(M) ofsurface S..
c[>. J . J

f=-'
ij Aj'~

10.6Daylighting

·10.6.1 SolarRadiation- Electromagneticradiationfrom
the sun.

10.6.2ExtraterrestrialSolarRadiation- Solar radiation
incident on the outer limit of the earth's atmosphere.
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10.6.3 Solar Constant(E
e
) - Irradianceproducedby

extraterrestrialsolarradiationon asurfaceperpendicular
to the sun'srays at meansun-earthdistance.

NOTE - E = (I 367 ± 7)W·m". Final report No. 590
of CIMO VIH [Commissionfor jnstrumentsand methods
of observation] of the World Meteorological
Organization,Mexico City, October 1981.

10.6.4 Direct Solar Radiation - That part of
extraterrestrialsolarradiationwhichas acollimatedbeam
reachesthe earth'ssurfaceafter selectiveattenuationby
the atmosphere.

10.6.5 Diffuse Sky Radiation- Thatpartofsolarradiation
which reachesthe earthas aresultof beingscatteredby
the airmolecules,aerosolparticles,cloudparticlesor other
particles.

10.6.6GlobalSolarRadiation- Combineddirectsolar
radiationanddiffuse sky radiation.

10.6.7Sunlight- Visible partof directsolarradiation.

10.6.8Skylight- Visible partof diffuse sky radiation.

10.6.9Daylight- Visible partofglobalsolarradiation.

10.6.10Reflected(Global) SolarRadiation- Radiation
that results from reflection of global solar'radiation by
the surfaceof the earthand by anysurfaceintercepting
that radiation.

10.6.11 Optical Thicknessofthe Atmosphere(8(E)] -
Quantitydefinedby the formula:

8(E) = -In(<P')<PJ
where <P is the rad iant fluxofa collimatedbeamentering
the upper limit layersof the atmosphereat anangle E to
the vertical, and <P'e the attenuated radiantflux of that
beamreachingthe surfaceof the earth.

NOTES
1 See 10.6.5
2 In English, the term Optical Depth is sometimes

used insteadof Optical Thickness.

10.6.12 Total Turbidity Factor (according to
Linke) (T)- Ratio of the vertical optical thicknessof a
turbid atmosphereto the vertical optical thicknessof the
pureand dryatmosphere(Rayleighatmosphere),related
to the whole solar spectrum.

t5R+ 15A + 157+ t5w

(\

where8R is the optical thicknesswith respectto Rayleigh
scatteringat the airmolecules, 8

A
, 8z' 8w are theoptical

thicknesswith respectto Mie scatteringand absorption
at the aerosolparticles,to the ozoneabsorption,and to
watervapourabsorptionrespectively.

10.6.13RelativeOptical Air Mass (m)- Ratio of the
slant optical thickness,8(E), to the vertical optical
thickness,(\O),oftheatmosphere.
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m=8(E)/8(0)

Unit:l

NOTE - When thecurvatureof the atmosphereand
atmosphericrefraction are neglected,then m = l/coss.

10.6.14Global Illuminance(E) - Illuminanceproduceds
by daylighton a horizontalsurfaceon theearth.

10.6.15 CIEStandardOvercastSky - Completely
overcastsky for which the ratio of its luminanceL in the

T
directionat theangleyabovethe horizonto its luminance
L

z
at thezenith is given by the relation

L =L (I +2siny)/3.
T z

10.6.16ClE StandardClear Sky - Cloudlesssky for
which the relative luminancedistribution is describedin
CIE publicationNo. 22(I 973).

10.6.17SunshineDuration (S) - Sumoftime intervals
within agiventime period(hour,day,month,year)during
which the irradiancefrom directsolarradiationon aplane
normalto the sundirectionis equalto or greaterthan200
wattsper squaremeter.

10.6.18DaylightFactor (D) - Ratioofthe illuminance
at apointon agivenplanedue to the lightreceiveddirectly
or indirectly from a skyof assumedor known luminance
distribution,to the illuminanceon ahorizontalplanedue
to an unobstructedhemisphereof this sky. The
contribution of direct sunlight to both illuminances is
excluded.

NOTES
1 Glazing, dirt effects, etc. are included.
2 When calculating the'fighting of interiors, the

contribution of direct sunlight shall be considered
separately.

10.6.19 SkyComponentofDaylightFactor (Dj - Ratio
of that part of the illuminanceat apoint ofa given plane
which is receiveddirectly (or throughclearglass)from a
sky of assumedor known luminancedistribution, to the
illuminanceon ahorizontalplanedue to anunobstructed
hemisphereofthis sky.Thecontributionofdirectsunlight
to both illuminancesis excluded.

NOTE - SeeNote 2 of 10.6.18.

10.6.20 Externally ReflectedComponentof Daylight
Factor (De) - Ratio of the part of the illuminanceat a
point on a given plane in an interior which is received
directly from external reflecting surfacesilluminated
directly or indirectly by a sky of assumedor known
luminancedistribution,to the illuminanceon ahorizontal
planedue to anunobstructedhemisphereof this sky.The
contribution of direct sunlight to both illuminances is
excluded.

10.6.21 Internally ReflectedComponentof Daylight
Factor (D) - Ratio of the part of the illuminanceat a
point on a given plane in an interior which is received
directly from internal reflecting surfacesilluminated
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directly or indirectly by a sky of assumedor known
luminancedistribution,to the illuminanceon ahorizontal
plane due to anunobstructedhemisphereof this sky. The
contribution of direct sunlight to both illuminances is
excluded.

10.6.22 Obstruction- Anythingoutsideabuildingwhich
preventsthe direct view of part of the sky.

10.6.23 Daylight Opening~ Area, glazedor unglazed,
that iscapableof admittingdaylight to an interior.

10.6.24 Window- Daylight openingon a vertical or
nearlyvertical areaofa room envelope.

10.6.25 Roojlight; Skylight- Daylight openingon the
roofor on ahorizontalsurfaceofa building.

10.6.26Shading- Device designedto obstruct,reduce
or diffuse solar radiation.

11 LUMINAIRES AND THEIR COMPONENTS

11.1 Luminaire-Apparatuswhich distributes,filters
or transformsthe lighttransmittedfrom one or more lamps
and which includes,exceptthe lampsthemselves,all the
parts necessaryfor fixing and protectingthe lamps and,
where necessary,circuit auxiliaries togetherwith the
meansfor connectingthem to theelectricsupply.

NOTE - The term lighting fittings is deprecated.

11.2 Symmetrical(Asymmetrical) Luminaire -
Luminaire with a symmetrical(asymmetrical)luminous
intensity distribution.

11.3 Wide Angle Luminaire ~ Luminaire which
distributesthe light over acomparativelywide solid angle.

11.4 OrdinaryLuminaire- Luminaire without special
protectionagainstdust ormoisture.

11.5 ProtectedLuminaire- Luminaire with special
protectionagainstingressof dust, moistureor water.

NOTE - IS I032iCPart I): 1982, considersamong
others the following types of protected luminaires:
a) Dust-Prooflumina ire;
b) Dust-tightluminaire;
c) Drip-proofluminaire;
d) Splash-proofluminaire;
e) Rainproofluminaire;
f) Jet-proofluminaire; and
g) Watertightluminaire.

11.6 FlameproofLuminaire; Explosion-Proof
Luminaire- Luminairewhich satisfiesthe appropriate
regulationapplicableto equipmentwith explosionproof
enclosure,for use insituationswhere there is a riskof
explosion.

11.7 Adjustable Luminaire- Luminaireofwhich the
main part may be turned or moved by meansof
appropriatedevices.

NOTE - An adjustableluminaire may be fixed or
portable.

PART 1 LICHTING VOCABULARY
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11.8 PortableLuminaire-Luminaire which can easily
be moved from one place to another even whileconnected
to the electricsupply.

11.9 PendantLuminaire; SuspendedLuminaire -
Luminaireprovidedwith a cord, chain, tube, etc;which
permits it to besuspendedfrom a ceiling or a wallsupport.

11.10 RecessedLuminaire- Luminairesuitableto be
fully or partly recessedinto a mountingsurface.

11.11 Troffer - Long recessedluminaire usually
installed with theopeningflush with theceiling.

11.12 Coffer - Recessedpanel or dome in theceiling.

11.13 Downlight - Smalliuminaireconcentratingthe
light, usually recessedin the ceiling.

11.14 CorniceLighting - Lighting systemcomprising
light sourcesshieldedby a panelparallel to the wall and
attachedto the ceiling, and distributing light over the
wall.

11.15 ValanceLighting; PelmetLighting - Lighting
systemcomprising light sourcesshieldedby a panel
parallelto the wall at the topofa window.

11.16 CoveLighting- Lighting systemcomprisinglight
sourcesshieldedby a ledge orrecess,and distributing
light overthe ceiling andupperwall.

11.17 StandardLamp;FloorLamp-Portable luminaire
on a high standsuitablefor standingon the floor.

11.18 BulkheadLuminaire - Protectedluminaire of
compactdesignintendedto be fixeddirectlyon avertical
or horizontalsurface.

11.19 Table Lamp - Portableluminaire intendedfor
standingon furniture.

11.20 HandLamp- Portable luminairewith a handle and
a flexible cord for its supply.

11.21Torch; Flashlight- Portableluminaire fed by a
built in source,usually a dry batteryor ~n accumulator,
sometimesa manualgenerator.

11.22 Lighting Chain- Setoflampsarrangedalonga
cable andconnectedin series orparallel.

11.23 Projector- Luminaire using reflection and/or
refraction to increasethe luminous intensity within a
limited solid angle.

11.24 Searchlight- A high intensity projectorhaving
an apertureusually greaterthan 0.2 m andgiving an
approximatelyparallel beamoflight.

11.25 Spotlight- A projectorhaving anapertureusually
smaller than 0.2 m and giving aconcentratedbeamof light
ofusuallynot more than 0.35radian(20°) divergence.

11.26Floodlight- Projectordesignedfor floodlighting,
usuallycapableof beingpointedin any direction.
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11.27 Cut-off - Technical device used forconcealing
lamps and surfacesofhigh luminancefrom directview in
orderto reduce glare.

NOTE - In public lighting, distinction is made between
full cut-off luminaires,semi cut-off luminairesand non
cut-off luminaires.

11.28 Cut-offAngle (of aLuminaire)- Angle, measured
up from nadir, between the vertical axis and the first lineof
sight at which the lamps and the surfacesofhigh luminance
are not visible.

11.29 ShieldingAngle - The complementaryangleof
the cut-offangle.

11.30 Refractor- Device used to alter the spatial
distribution of the luminous flux from a sourceand
dependingessentiallyon thephenomenonof refraction.

11.31 Reflector- Device used to alter the spatial
distribution of the luminous flux from a sourceand
dependingessentiallyon thephenomenonof reflection.

11.32 Diffuser - Device used to alter the spatial
distribution of the luminous flux from a sourceand
dependingessentiallyon the phenomenonof diffusion.

11.33 Bowl- Diffuser, refractoror reflectorin the form
of a bowl, intended to be placed below the lamp.

11.34 Globe - Envelopeof transparentor diffusing
material,intended toprotectthe lamp, to diffuse the light,
or to change thecolourof the light.

11.35 Shade- Screen which may be madeofopaque or
diffusing material and which is designed to prevent a lamp
from beingdirectlyvisible.

11.36 Louvre- Screen madeof translucentor opaque
componentsandgeometricallydisposedto prevent lamps
from beingdirectlyvisible over a given angle.

11.37 ProtectiveGlass - Transparentor translucent part
of an open or closed luminairedesignedto protect the
lamp(s) from dust or dirt, or topreventtheir contactwith
liquids, vapours or gases and to render theminaccessible.

11.38 Luminaire Guard- Device, shaped as a grid,
used to shield theprotectiveglassofthe luminaire against
mechanicalshocks.
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11.39 StudioFloodlight- Lighting device with ahalf
peakdivergenceexceeding1.74radian(100°) and with a
total divergencenot less than3.14radians(180°).

11.40 SpecialStudioFloodlight- Lighting device with
a specifiedhalf peak divergence,less than1.74° radian
(100°) and aspecifiedtotal divergence.

11.41 Reflector Spotlight - Projectorwith simple
reflector and sometimescapableof adjustmentof
divergenceby relativemovementoflampand mirror.

11.42 Lens Spotlight- Projectorwith simple lens, with
or without reflector,sometimescapableof adjustmentof
divergenceby relativemovementof lamp and lens.

11.43 Fresnelspotlight - Lens spotlight but with a
steppedlens.

11.44 ProfileSpotlight- Projectorgiving a hard edged
beam of light which may be varied in outline by
diaphragms,shuttersor silhouettecut-offmasks.

11.45 Effects Projector- Projection apparatuswith
optics designedto give even fieldillumination of slides
and, with a suitableobjectivelens, well definedprojection
ofdetail.

NOTE - Slide can beof stationaryor moving-effects
type.

1l.46 Soft light - Lighting deviceof sufficientsize to
producediffused lighting with indefinite shadow
boundaries.

11.47 Miner's(personal)Lamp- Mine luminaire with
integral energy sources, required for each person entering
an undergroundmine.

11.48 CapLamp- Miner'spersonal lampdesignedto
beattachedto aminer'shelmet.

11.49 PortableMine Luminaire-Mine luminaire with
integral or mains operated power source, which may supply
light while being moved.

11.50 Mine RescueLuminaire- Portable mine luminaire
with integral power source designed for rescue operations.

11.51 Intrinsically SafeLuminaire- Mine luminaire
whose safety results from the useof intrinsically safe
electrical circuits.
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FOREWORD

It took scientistsa very long time toformulatea tenabletheoryrelatingto the natureoflight, even when itsproperties
andbehaviourwere fairly well understood.Its interactionwith matterleads totransformationinto thermal,electricalor
chemicalenergy.

This sectionis devotedto propertiesand behaviorof light, especiallythe lawsof propagationin variousmedia,the
energycontentand variouscolour aspectsto the extentof understandingof physicalcharacteristicsof light which is
indispensablefor thoseinvolved in lighting practice.
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PART 2PHYSICSOF LIGHT
Section 1GeneralPrinciples

1 SCOPE

This sectioncoversgeneralprinciplesaboutthe physics
of light relatedto illumination.

2 lERMlNOLOGY

The terminologyused in thissectionis given in Part I of
this code.

3 GENERAL PRINCIPLES

3.1 Theoriesof Light

In 1678, Christian Huygenspostulatedthat light was
propagatedthroughan omnipresent,very thin medium
called 'ether'. He believed that light waves were
longitudinal.

This theorycouldexplainthe following:

a) Reflectionof light;

b) Refractionoflight; and

c) Doublerefraction.

The major contributionwas theformulationof the wave
principle.

In 1704 Isaac Newton publishedthe light theory
discardingGreekthoughtsthat vision was theresultof
an 'imago'dissociationfrom theobjectbeingviewedthat
enters the eye and theconvictionthat the eyetransmitted
'visual rays', which scannedthe object being viewed.
Newtonregardedlight consistingofan endlessstreamof
high speedparticles. .

This theorycould explain thefollowing:

a) Rectilinearpropagationof light;

b) Reflectionof light; and

c) Refractionoflight.

In 1768, Euler broughtstrong argumentsin favour of
continuouswaves rather than pulses. He was the first to
suggestthe conceptof wavelength.

Following the ideas of Hooke and ThomasYoung,
Augustin Fresnelacceptedthat light was atransverse
movement,insteadofalongitudinalone toexplaindouble
refractionand polarization.

In 1873, Maxwell publishedhis opinion that light was
electromagneticwaves and that lightwavesarc carried
by anelectromagneticfield, rather than bymaterialether
aspostulatedby Huygens.Subsequently,HeinrichHertz
experimentallygeneratedelectromagneticwaves

26

supportingMaxwell's theory.

Maxwell'stheorycouldnot satisfactorilyexplainspectral
energy distribution in relation to the temperatureof an
incandescentbody. In 1900, MaxPlank suggestedthat
light is not emittedcontinuouslybut in small indivisible
quantities. In 1905, Albert Einsteinused thequantum
theory to successfullyexplain that photoemission(the
emissionofelectronsby certain metals under theinfluence
of light) took placeonly if the wavelengthof the light
wasshorterthan acertainmaximumvalue asdetermined
by the metal. Thiscould not beexplainedwith the wave
theory. Thequantumtheoryalsoexplainedspectrallines.

Louis de Broglie and Werner Heisenbergin 1927
constructeda mathematicalmodel toexplain the theory
that on an atomicscalethere is afundamentaluncertainty
betweenthedeterminationofthepositionand thevelocity
of a photon.It was shownby Heisenberg,however, that
for particlesof atomic magnitude,it is in principle
impossibleto determineboth position and momentum
simultaneouslywith perfectaccuracy.

The corpuscularand the wavedescriptionsare merely
complementaryways of describingthe sameprinciple.
The conceptsofphotonsand waves areequallyjustified
and each isapplicablein its own sphere.

3.2 Lighting Phenomena

3.2.1 LawsofReflectionand Refraction

When a rayof light strikes anyboundarybetweentwo
transparentsubstances,in which the velocity of light is
appreciablydifferent, it is in generaldivided into a
reflectedray and arefractedray. This isexplainedby
Fig. 1.

N

1- Incident ray
R' - Reflected ray
R- Refracted ray
N- Normal to the surface

Fig. 1 Lawsof Reflection and Refraction
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Mathematicalrepresentationofthelaws of reflectionand
refractionare:

a) Law ofreflection

b)

where

Law ofrefraction(Snell'sLaw):

sin01 III
sinO] ="jl;

SP 72 : 2010

where

B, is the angleof incidenceand B; is the angleof
reflection.

The incident ray (1) andthe reflected ray (R: ) and the
normal(N) are in oneplane;and

B
2
= angleofrefraction;

PI = refractiveindexofmedium1; and

P
2
= refractiveindexofmedium2.

The incidentray (I) and therefractedray (R) and the normal
(N) at thepoint of incidenceare in oneplane.
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FOREWORD

Light has aneffecton thephysiologyandpsychologyofthe human being, and itenableshim to perceivewhat isgoing
on aroundhim. Thereexists a closerelationshipbetweenthe way the visual scene ispresentedto us and theability of
the eye tofulfill its task properly.

PART 2 PHYSICS OF LIGHT - SECTION 2 VISION 31



SP 72 : 2010

NATIONAL LIGHTING CODE
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Section2 Vision

Fig. 2 Distributionof Densityof Rods and Cones over a
Horizontal Section through the Retina
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The process of seeing is essentially an electrochemical
one. When in the retina a rod or cone is stimulated, the
chemical composition of a pigment changes temporarily.
This results in a minute electric current, which passes to
the brain through nerve fibre. In the case of the rods, about
one hundred at a time are connected to one and the same
nerve fibre(seeFig.l). The result is that these clusters of
rods are highly sensitive to light as the stimulus of more
rods is summed. On the other hand, definition is poor as
the brain cannot distinguish between individual rods in a
cluster. Under conditions of rod seeing only, one obtains
therefore a rather blurred picture. With rods no colours
can be distinguished, but the sensitivityofthe rod pigment
varies for the variousspectralcolours. The maximum
sensitivity is found at a wavelengthof 507 nm (green)
and steeply decreases toward both endsof the spectrum.

Sparsely distributed, cones occur over the entire retina,
but in the fovea they are densely packed(see Fig. 2).
Unlike with rods, at least in the foveal area, each cone is
individually connected to the brain, resulting in a very
high resolving power. On the other hand, sensitivity to
light for cones is far less than for rods.Therefore,at
luminance levelsof 3.5 cd/m- and less, cones gradually
cease to function. The overall spectral sensitivity curve
for cones is different from that for rods. The pointof
maximum sensitivity lies at 555 nm (bright yellow), and
the fall off toward the red side of the spectrum is less

2 TERMINOLOGY

For the purpose of definitions, Part 1of this code shall
apply.

3 THE VISUAL PROCESS AND THE EYE

3.1 The uniquepropertiesof the eye, atremendous
sensitivity range, in the order of 1:10, combined with a
high resolving power and the ability to distinguish
betweenup to 100 000colour shades,provided the
lighting is good, are mainly attributable to the fact that
the eye combines two seeing functions in one organ.

These functions are attributed to the rods and cones. The
rods are highly light sensitive and principally responsible
for detectionof shapeand movement,but cannot
distinguishcolours. Cones, on the other hand, are less
sensitive to light, but can distinguish colours. They also
enable us to see fine detail.

1 SCOPE

This section covers lighting and vision and its effect on
the physiology andpsychologyof human beings.
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pronounced.The result is that at very low lighting levels,
when the cones no longer function and the rods take over,
blue colours seem to become brighter with respect to red
colours [see Fig. 3 a)].

The cones enable us todistinguishcolours. Until a few
decadesago the underlying processeswere hardly
understood,but now we know that there are in fact three
typesof cones, withpigmentssensitive to the red, green
and blue partsofthespectrum, respectively. Persons who
miss one typeof cone present in the eye are fully colour
blind (like those whose eyes have only rods, but such
people have other visual deficiencies as well).

The division in rods and conesexplainsmuch of the
characteristics and propertiesofthe human eye.At normal
visual conditions(sufficient light available),the image
of the object we are studying is brought to focus on the
foveal region, which is so small that it isjust covered by
the image of the full moon. Larger scenes are scanned by
continually revolving movements of the eyes. This can
be clearly seen whensomebodyis reading a book. The
spot of focal attention is sharply pictured in full colour
by the conesof the fovea. The peripheryof vision,
covering a horizontal angleofmore than 2000 when seeing
with both eyes without movingone'shead, produces no
detailed image, but permits general perception. Toward
the edge of the scene, colourperceptionfalls off through
lack of cones. The stateofvision, which always occurs if
sufficientlight is available, is called'photopicvision'.

At very low luminance levels (less than 0.035 cd/m-), the
conesdo not function. Vision is then by rods only,
resulting in a generalpicture of low definition and no
colours. Therefore, the proverb:'In the dark all cats are
grey'literally makes sense.Althoughit will be impossible
to focus on an object, movements are comparatively easily
detected.Becauseof the Purkinje shift, blue objects
remain visible longer than do red ones with decreasing
luminance. This situation is called'scotopicvision'.

400 500 600 700 800

- WAVELENGTH (mm)

Fig. 3 a)ApproximateSpectral Sensitivity Curvesof the
Three Colour Receptors in the Cones
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Betweenphotopic and scotopic vision there is a
transitionalstate (between 0.035 and 3.5cd/m") where
the cones stillpartly function. This situation is called
'mesopicvision'.

4 SPECTRAL EYE SENSITIVITY CURVE

4.1 Light forms a part and only a very small partof the
total spectrumof electromagneticradiation. Forpractical
visual conditions the range between 380 urn and 780 urn is
normally adopted.

Within the visible range, the eye sensitivity varies strongly
with different wavelengthsof the same energy content.
For example,under conditionsof photopic vision, the
eye is about twenty times more sensitive to light with a
wavelengthof 550 urn (yellow) than towavelengthsof
700 urn (deep red) or 450 urn(violetblue).As has already
been explained before, the peak sensitivity for scotopic
vision lies about 50 nmnearerto the blue endof the
spectrumthan themaximum sensitivity for photopic
vision, the so called Purkinje shift.

The spectral eye sensitivity. curve has been assessed in a
great many cases,underphotopic as well asscotopic
visual conditions, and found to beremarkablyconsistent
betweensubjects.As early as 1924, theInternational
Commissionon Illumination (CIE) laid down a standard
spectral eye sensitivity curve for photopic vision, based
upon the workof six scientific teams,togethertesting
some 250 subjects. In 1951 a similar curve for scotopic
vision was defined. The curves give the relative photopic
eyesensitivityYeA) or scotopic eyesensitivityV'(A.) as a
function of the wavelength(A) and are therefore generally
called theYeA) orV'(A) curves[see Fig. 3 b)].
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Fig, 3 b) Spectral Sensitivity Curvesof the Cones
V (A) and RodsV'(A) also Showing theDifference

in Absolute Sensitivity
NOTE
VeX) " Relative Photopic Eye Sensitivity
V(A.l - Relative Scotopic EyeSensitivity
A. - Wave Length
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Standard SpectralEye-SensitivityCurves forl'hotopic
V(A) and Scotopic V'(A)Vision

The peaksensitivitiesfor photopic and scotopic vision
occur at 555 nm and 507 nmrespectively(seeFig. 4).

5 TIlE VISUAL PROCESSAND TIlE BRAIN

5.1 The way the retinaof both eyes are connected to
the visual cortex in the two brain halves is not as
straightforwardas might be expected. The optic nerves of
both eyes unite immediately after entering the cranial cavity,
forming the so called 'opticchiasma'and then divide again
into two branches, the 'optictracts',which lead to the two
halvesofthe visual cortex. The optic chiasma forms a cross
over point, where the optic nerve from each eye splices
into two strands, in such a way that each optic tract contains
nerve fibres coming from both eyes. The arrangement is in
fact such that the lefthalfof the visual cortex takes careof
the right sideof each retina. Apersonwho has one of his

1. Retina
2. Optic nerve
3. Optic chiasma
4. Optic tracts
5. Visual cortex

Fig. 5SchematicDiagramof the Visual Pathway,Showing
How the RetinasofBoth Eyes areConnectedto

the Two Halvesof the Visual Cortex
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optic tracts severed will therefore behalfblindin both eyes.
(seeFig. 5).

Each nerve fibre forms anuninterruptedlink betweenits
ending in the retina and a well defined partof the visual
cortex.It is thereforepossibleto 'map'the retinal area on
the cortex. Remarkable,but not illogical, is the
observationthat the foveal area occupies aproportionally
much larger regionofthe visual cortex than theperipheral
areasof the retina.

6 VISUAL ABIllTY

6.1 Visual ability provides different visualinformation
like the ability to differentiatebetweenclosely spaced
visual stimuli,luminousvariations in the fieldofview and
threedimensionalvision.

7 VISUALACUITY

7.1 Qualitatively,visual acuity helps indistinguishing
fine detail andquantitativelyit provides details onangular
separationof two neighbouringobjects that the eye can
just perceiveas being separated. Visual acuitydepends
on the quality of the visual organ and varies with
backgroundluminanceand observationtime.

What is generallyassessed as'visual' in the consulting
roomoftheophthalmologistis not so much the pure visual
acuityof the eye, but therecognitionacuity. Forscientific
research, the studyof resolutionacuity is essential. Age
has a marked negative effect on visual acuity. Visual acuity
isexpressedas thereciprocaloftheminimumvisual angle
(in minutesof arc),beingdetected. Visual acuitydepends
on the averageluminancelevel in the field of view to
which the eye is momentarilyadapted(adaptation
luminance);(seeFig. 6).
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Fig. 6 Relative VisualAcuity Plottedagainst
AdaptationLuminance(L )

NOTE - Measurementshave beentaken under
conditionsof optimum contrastusing testpersons
With normal eyesight and not older than 50 years.
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8 CONTRAST DETECT IO

8.1 Contrastcan take two form which mostly occur
together, contrast in colour and contrast in luminance.
Contrast inluminancecan beexpressed ascontrast value
or contrast ratio. Contrast va lue has more importance
underconditionsof artificial lighting. The mathematical
expressionsarc asgiven be low :

C = (Lo-Lb)/L b= Contrastva lue

C = LJLj =Contrastrat io

where

C Contrast value or Contrastratio;

L
o

Objectluminance;

~ Backgroundluminance;

~ Higher luminance; and

1, Lower luminance.

Contrast in colour can bedistinguishedbett er,underan
overall luminancelevel sufficientto permit full adaptation
for cone vision, without excessivebrightness contras ts
in the field of view and under a light source having a
spectralenergy distribut ion curve approximately similar
to the spectral eye sensitivity curve for photopic vision.
The eye will not appra iseluminance values the sameway
underall circumstances.A white surfaceplac edagainsta
black background will make the white seem'whiter'. A
dark objectagainsta very bright backgroundwill appear
darker(see Fig. 7).

Metamerismtakes place when two colour shadesare
observedundersourceshaving line spectrum, separately.

Successiveand simultaneouscontrasttakes place when
looking away from a surfaceof strongly saturated colour

Fig. 7 Contract E ffects(Simultaneous Cont rast)

OT E - The part o f the grey rin g seen agains t the
bac kg round seems somewhat light er than the part .een
agains t the white .This e ffect is enhanced by plac ing a
pencil along th e b lack- wh itejunction .

PART 2 PHYSICS OF LIGHT - SECTION 2 VISIO
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a nd when looking at adjacent coloured sur faces
respectively.

9 THREE DIME SIO AL VISIO

9.1 Threedimensionalvision is possiblewith the he lp
of both eyes.Good threedimensionalvision dependson
coordinationbetweentwo eyes and binocular vision. It
is found that adifferencein distanceovera rangeof more
than one kilometer is possible to judge by three
dimensional vision.

Eyes ightdeterioratesfirst slowly, but then at arapidly
increasing rate with age. From about 45 years of age,
nearby see ing , (reading for example) becomes
increasingly difficult , whereasdistant objects g ive no
problems, aconditionthat isknownas 'presbyopia'. From
about 50 years of age human beings wi ll suffer from
overall eye sensitiv ity, visual acuity, contrast ensitivity
and colour sensitivity. Old people need as much as 15
time s more light for a specific task than do the young.
[see Fig . 8 a) and Fig 8 b)].

~ 14
Z
~ 12
W
~ 10
5
@e
~

1- 6
J:g4

t:-+----,--,---,-----,,-,----,----l

o 10 20 30 40 50 60 70
~ AGE (YEARS)

Fig. 8 a) Light Requirementfor a Specific Reading
Task PlottedagainstAge

16--.-- - - - - - - - - - - - ---.

14

Z 12
o
~ 10

o 8
:2
~ fD6
u3:
U04«0-

t:--+--~--.--...,..--,-....---,---j
10 20 30 40 50 60 70 80

~ AGE (YEARS)
Fig. 8 b) AccommodationPowers,in Diopters

Plottedagain t Age

35



8 CONTRAST DETECTION

8.1 Contrastcan take two formswhich mostly occur
together,contrastin colour and contrastin luminance.
Contrastin luminancecan beexpressedascontrastvalue
or contrastratio. Contrastvalue has moreimportance
underconditionsof artificial lighting. Themathematical
expressionsare as given below:

C =(Lo-Lb)/Lb= Contrast value

C = L
h
/L j = Contrastratio

where

C Contrastvalue orContrastratio;

Lo Object luminance;

~ Backgroundluminance;

~ Higherluminance; and

L Lower luminance.
I

Contrastin colour can bedistinguishedbetter, under an
overallluminancelevel sufficient topennitfull adaptation
for cone vision,without excessivebrightnesscontrasts
in the field of view and undera light sourcehaving a
spectral energydistributioncurve approximatelysimilar
to the spectral eyesensitivitycurve forphotopicvision.
The eye will not appraiseluminancevalues the same way
under allcircumstances.A white surface placedagainsta
black backgroundwill make the white seem'whiter'. A
dark objectagainsta very brightbackgroundwill appear
darker(see Fig. 7).

Metamerismtakesplace when two colour shadesare
observedunder sources having line spectrum, separately.

Successive andsimultaneouscontrast takes place when
looking away from a surfaceof strongly saturatedcolour

Fig. 7 Contract Effects (Simultaneous Contrast)

NOTE - The part of the grey ring seenagainstthe
backgroundseemssomewhatlighter than the part seen
against the white. This effect isenhancedby placing a
pencil along the black-whitejunction.

PART 2 PHYSICS OF LIGHT - SECTION 2 VISION
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and when looking at adjacentcoloured surfaces
respectively.

9 THREE DIMENSIONAL VISION

9.1 Threedimensionalvision ispossiblewith the help
of both eyes. Good threedimensionalvision depends on
coordinationbetweentwo eyes andbinocularvision. It
is found that adifferencein distance over a rangeofmore
than one kilometer is possible to judge by three
dimensionalvision.

Eyesightdeterioratesfirst slowly, but then at arapidly
increasingrate with age. From about 45 yearsof age,
nearby seeing, (reading for example) becomes
increasinglydifficult, whereasdistant objectsgive no
problems,a condition that is known as'presbyopia'.From
about 50 yearsof age humanbeingswill suffer from
overall eye sensitivity, visual acuity,contrastsensitivity
and colour sensitivity. Oldpeopleneed as much as 15
times more light for a specific task than do the young.
[see Fig. 8 a) and Fig 8 b)].
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Illumination Engineeringand Luminaires Sectional Committee, ET 24

FOREWORD

Colour has beenofgreat interest to human beings right from the stone age. From the drawings in different cavesof the
world it is evident that man came to know the usageof colour from very early days. Butproperunderstandingof the
scientific basisof colour is rather recent in the historyof science.

The perceptionof light and colour is achieved by direct associationof things around us and there are many human
factors, involved in this connection. Due to these factors, varying from person to person various methodsofassessment
andstandardizationare suggested.

In the 17th century Sir Isaac Newton laid the foundationof colour science or colorimetry. He found that sunlight,
calIed'white' light when passed through a glassprismis dispersedinto a'spectrum'ofseven colours. Theirwavelength
range is given in Table 1 and he concluded throughexperimentsthat these seven colours are constituentsof white
light.

MaxwelI (1831-79)establishedthe colour matching principle, that is, matchingof coloursof different wavelengths
from the primariesof Red, Green and Blue lights. By mixing these three primaries, that is, R, G and B almost alI
colours can be matched.

Table 1SpectralRangeof Colours

81. No.
(I)

i)

ii)

iii)

iv)

v)

vi)

vii)

Colour
(2)

Violet

Indigo

Blue

Green

Yellow

Orange

Red

Wave Length Range(nm)
(3)

380-420

420-440

440-490

490-560

560-590

590-630

630-780

PART 2 PHYSICS OFLIGHT 0 SECTION3 COLOUR 39
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P RT 2 PHY I O F LIGHT
Section 3 Colour

S OPE

This sectionof the code covers the broad aspectofcolours
in the field of Illumination Engineerin g.

quantitic: or amounts of the stimuli. ow, as the stimuli is
due to various quantitieof reference light only. we mu: t
have

2 TE 11 'OLOGY

The definition given in PartI of this code shall apply.

R B White (see Fig. I).

Here, the ymbol "=" i used to representmatched
equivalent. This trichromaticmixing hov ever, follow '
algebraic law. that i. any colour timuli 'C ' can be matched
by adding R, G andBande pre .cd a ,

3 DDITIVE OLD R 1\11 ' II TG OF LIGHT

3.1 The mi inu of coloured lights is called additive
colour mixing proce. . This can be c: plained by
COIL idering three basiccolour. termed as Primaries.
These are Red (R). Green (G) and Blue (B). By mixing
t\ 0 primary colour secondary colours orcomplementary
colour are produced. If three primary colour. are mixed
in the right intensitiesa white light will be produced.Thi:
mixing proce . may be reprc:ented a ':

(2)

(3)

(4)

=- R -r J 13

l =r +g b

I.O(C) = r(R) T g(G)+ b(B)

where

r=RJ(R G B):g=G/(R +G +B):b=B/(R+G B)

Thus theequation(I) can be written a.

In tcadof using actual valuesof the quantities, a ratioof
the matching timuli can be used. Thu , dividing both
'ides of theequation(I) above by (R+ G + B). we may
write

The r.g andbareuniform.A white light ismatched by equal
amountofR(700nm), G(546.1nm) and13(435.8nm).

It can beseen that it is pos ible to match allcolour of the
pectrum by meansof the addit ive mixtureof thrce stimuli.

This can be repre sentcd by curve a. shown in Fig. 2 and
are known as co lour matching functions.It is to be noted
that all three eurvcs have negat ive portion~ but the e are
very small forblue andgree n.

4 I TE R J AT IOI L , TA l J) RD C O L O R
, tAT HI 'G F . ·CfIO.

Yellow;

yan:

Magenta: and

R-+G

13

B+R

The symbols within bracket repre ent corresponding timuli
including the colour C to be matched. R,G 13 and Care

C(C) = R(R) G(G)+ 13(13) ( I) 4.1 To avoi d negative loopof the colour matching
function. a. explained above. it wa decided, for

3.5

3.0

2.5

>
• 1.5
:::I

I
400

I
600

tel'll)

I
700

Fig. I Additive olour Process Fig. 2 olour latching Function
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y + z=l. 0)
The tristirnulu : function in termof imaginaryprimarie
may be represented byx(A), y(A) and z(A)and the resulting
cu e may be a hown in Fig 3.

convenience, to transform the colour axe. in uch a way
that the c function can never become negative. Thi can
b done byconvertingR, G and B function into three
imaginary prirnarie . Furthermore, one of the functions
i made tocoincidewith theV(A) tandard obervercurve
and another function i made nearly equal toz ro value.

IE ha defined these timuliX, Y and Z which can be
den ed from the amountof R, and B neces arily for a
colour match by the method of transformation.

o we have:

'( )=X(X) + Y(Y) +Z(Z)

FolIo ing the argument given in3.1 , we can have,

1.0(C) = x(X) + y(Y) + z (Z)

5 BTRA n E COLO R '1 TCHI 'C

Y + C = Green;

+ = Blue;

M + Y = Red; and

Y + C + M = Black ( eeFigA).

5.1 There is a fundamental di fference between mixingof
coloured light. and mixing of dye and paint . If the
colouredpaint. are mixed the result \ ill be alwaydarker
than anyof the paint mixed. If the right colour 'of dyes
and paint are mixedin the right proportion the effect
will be black. This formof mix ing of dye andpigments
i known a ubtractivecolour mixing .

The colour of an object is due to electivereflection
and/or trans mission. Due to this property, therefore, a
coloured object ubtract out certain pectrumof incident
light.

Like additive primarie , three colours are chose n as
ubtractiveprimarie , \ hich \ ill ab orb only red, green

and blue ligh t respect ively. For exam ple, a colourant
absorbing Red will not ab orb the Blue and Green pectra
of the incident light. The object, therefore, willappeara
bluish green, thati. yan ( ) and Cyan will be oneof the
ubtractiv eprimaries. imilarl... , agenta (M) and Yellow

(Y) will be other two ubtracti ve primarie . likeadditive
rmxmg.

We may write

(6)

(5)

)( x_bar

o y_ba r

D z_ bar

x = (X + Y +Z);

=Y/(X Y Z): and

z =Z/(X Y -J- Z).

2 .0

where

0 .0 l-.. Wl EG:c ~L-~~ "' ''' IIIIiiII'_'''__''''---l
350 400 450 500 550 600 650 700 750 800

Ye 0

6 OLO R OF LIGHT 0 RCE

6.1 There are two a pectof colour of light ource :

(a) o lour appe ara nceof light , which ca n be

700

-- .f(1..)

.i' <,I..)
-- = ( A)

600
A /mm

500

/ a : ( ~ \ x
o x 0 )(

.f x ~ x
• 0 x 0 )(
0)( 0 )(

x lb )(
,]< )(

•
•

•
D

•

•

').. (m m)

CI E 19 3 1 STA NDARD OBSERVER

400

CIE 1964 SUPPLE M ENTARY OBSERVER

1.0

05

1.5

1 a

as

1 5

20

Fig. 3 C IE 1 ristimulus Func tio n Fig. 4 Subtractive olour Procc
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I ROO

2 400
.2 , 00
3 100
3 200
3 400

3000
5 500
7 SOD

10 000

olou r Te mpe r a t u re (K )Light Source

Ca nd le light

Daylight(colour temperatureof
daylight change s throughout the day)

- Sunriseand sunset
oon sun and sky
loudy sk y
orth sky only (no sun)

Incandcsccntlamps
- Edison er a carbon filament
- Modern tungsten filament
- Tu ngsten hal ogen lam p
- Theatr ical halogen lamp
- Photofl ood la m p

9 CIE SY. TE OF COLO R L IFI TIO

9.1 In 19 I, C I published a recommendation for a
system of cla ssification or measurem ent of light colour
based on add itive colour mixi ng. From equation6, two

Table 2ColourTemperatureof VariousSources
( lause8. 1)

Fig. 6 flu orescent Light ource of 4 100 KCreate
a 0 0 1Appearance

appearancecannot exactly be matched with a blackbody
in termsof colour temperature, butmayclo ely re emble
it at a parti cular temperature. Therefore, it can bedefined
as the co lour temperature of a blackbody that resembles
closely that of the ource and is termed as Co rrelated
Colour Temperature.

The colourappearanceof a lamp is xpre sed interm. of
colourtemperature(T ) measuredin Kelvin (K ).

Wh en a blackbod y is slowly heated , it passesthrough
graduat ion of co lour fromdark red , red , orange,ye llow,
whit e to light blue. Higher temperature indicates'cooler'
colour, \ hile lower co lour temperature denote'wanner'
colouras given inTable2, Fig. 5 and Pig. 6.

I ~ ig. 5 Light ource with Colo ur Temperatureof 2 700 K
Gives a Very WarmAppearance

described by colour temperatureor correlated
colour temperature; and

(b) Co lour rende ring characteristics of light which
is related with the pectral power di tr ibution
(SPD)of light , that is, itdepends on the conte nt
of the radiant power at different wavelength
throughoutthe visible spectrum. It i to be noted
that different spectral power distribution oflight
sources can produce, identical colour
appearances.

8 OR RELATED COLO URTEMPERATURE

8.1 For a sourcewhich is not a thermal radiator, like
fluorc cent and othe r ga discharge lamp , the colour

7 COLOUR TEMPERATURE

7.1 In order to comparethe colour charac teristics of
radiationfrom a light source with thatof a blackbody, the
temperature of the blackbody is se lected a. the basiof
compa ri on. Th e radiation characteristicof a blackbod y
is directly related with its temperature.The colour
temperature (T) is the temperatureof the blackbodyat
which it has the same chromaticity as thesource.An exact
match is only possibleif the ource is al 0 a thermal
radi ator.

42 ATIO L LIGHTI G CODE
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chromatici ty coordi nates may be u ed with a two
dimensionalplot or a mapof all coloursrepre en ted in it.
All coloursare boundedby two side ofa trianglewith it
apex region a Red, Greenand Blue. The boundaryline
represent the locus of pectral co lours. The line join ing
red and bluecontainsvariou hade of purplewhich do
not occur in the electromagnetic pectrum.

A typical shapeof the CI < colourtriangleis shownis Fig. 7.

Any colour can now be ide ntified and defined by two
coordinatesx and yvalues,which are calledchromaticity
coordinates.

For a blackbodyor thermal radiator its colour can be
denotedby a colour temperatureand thecorre ponding
colourcan be represented in the IE triang le. Therefore,
the blackbodycolour temperaturecan be uitably scaled
and plotted on the CI Ecolour triangle and this forms a
curve,known as blackbodyor Planckianlocu .This curve
i hown in Fig. 7.

10 OW R RENDERI G I EX

10.1 In 6.1, it ha beenindicated that the co lour appea rance
of light and its colour tenderi ng capability are different
a pect of the light ource . A faithful reproductionof an
object co lour depends on the co lour renderin gcapability
of the light ource. In 1965 CI developeda quantitative
methodof a ignment of colour renderingproperty,and
is denoted as olour Render ingIndex ( RI).

CRI i arri ed at by a te t bywhich a numberof pecified
ample ( ) are te tedundera tandard orreference light

sourceand the chromaticity coordinate are plotted on
the IE triangle. The ame test is repeatedunder the
source under test and correspondingchromaticity
coordinate are plotted on the ame plot.The difference
betweenthe position ofeac hsample for test and standard
sourceis measuredto cale.Thegeneralcolourrendering
index (Ra) i obtainedby the averagevalue for eight

0.9

Y

0.8

0.7

560

0.6 565

570

575

0.5 580

S8!i

0.4

0.3

0.2

0.1

0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7X

Fig. 7 Locusof SpectrumColoursPlotted on the 1931 CI •ChromaticityDiagram
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Fig.8 icneral olour Rendering Indexby the verage aluc of <ight ample

Ra ( icneral co lour
rendering index)

90 100
70 - 90
50 - 70

, ' OT E -
olour Rendering

Eva luated

True
iood

M oderate

11 REFERE E ILL

11.1 Theapprai al ofcolourrenderingpropertie oflight
ource shall alway be referredto a ReferenceIlluminant,

which mu t ha e the arne ornearly the arnecolour as

where

O J = hromaticity hift on the CI chromaticity
diagramfor eachsample.

sample (see Fig. 8). Forperfectagreementof colour, the
R1 alue hould be 100.In general:

Ra= 1/ (R I R2 R3+ R4+ ..... .+ R8) (8)

The specific colour rendering index for an individual
ample i gi en by

Ri = 100 -4.6~b .

Fig. 9 olour haractcristic of Different Light ourcc
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the lamp to be tested.It should be so selectedthat
chromaticitydifferenceis smallerthan 15 mired.

NOTE - mired= Micro-reciprocal-degree= 10-6 K·I .

TypesofReferenceIIIuminantsare given below:

Illuminant A - This iIIuminant represents light from a
blackbody radiator at an absolute temperatureof2 856 K
(approximately). .The SPD (spectral power distribution)
values from 380 to 830 nm in 1 nm intervalsare given in
crn 15.2.Inpractice,thisiIIuminantisrealizedbyoperating
a gas filled tungsten lamp at an operating temperature of
2790K to attaina colour temperatureof2 856 K.

Illuminant B - This iIIuminant is not in practicenow.
This represents direct sunlight with a correlated colour
temperatureof4900K.This is realizedbya sourceAwith
a specifiedfilter.

Illuminant C - This represents average daylight with a
correlated colour temperatureofabout6800K. CIE 15.2
gives the SPD values.

SP 72 : 2010

Illuminant D65 - This ilIuminantrepresents a phaseof
daylight with a correlated colour temperature of 6 500K.
This is the best and widely used light source described
byern standard daylightiIIuminant.

At present no artificiallightsourceis recommended to
realize.illuminantD65; usually'North' light is used for
visual colour matching purposes.eIE has published' a
method forassessinghow closely a daylight source
simulatesa particular referenceilIuminant. .

12 METAMERIC LIGHT AND CONDITIONAL
MATCHING

12.1 If two light sources have the same SPD (spectral
power distribution), they are in perfect match or 'non
metameric'. But it is often possible that two lightshaving
differentSPDmayproduceanidenticalvisualeffect.Such
a colour match is called metameric lightsnamely, light
from incandescent filament and warm white fluorescent
lamps.

PART2 PHYSICS OF LIGHT - SECTION3 COLOUR 45
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IlluminationEngineeringandLuminairesSectionalCommittee,ET 24

FOREWORD

The developmentof newand improvedlightsourcesfor lightinghas proceededat a rapidand acceleratingpace.There
is a wide choice of sources,luminaires,and controls, and it is possible thatanyoneof several basic choices could be
used for a given lighting application. While the general characteristics can be provided, a definitive guide with
absolute values for all types andmanufacturerswould be too extensive for this code.

In this section, various lamp types typically used in India (thatmayormay not be locallymanufactured)have been
dealt with. Since Section 2 of this part on control gears for light sources would take care of all the accessories
required for operation of different types of lamps, they have not been covered in this section of the code.

In case of anycontradictionin the technical particulars given in this code with that specified in the relevant Indian
Standards, the latter shall prevail.

The following Indian Standards are a necessaryadjunct to this section.

IS No.

418:2004

2418(partI):1977

9900(Part1):1981

9974(part1):1981

12948:1990

15111(part2):2002

Title

Tungstenfilament lampfor domesticandsimilargeneral
lightingpurposes (Fourth Revision)

Specificationfor tubular fluorescent lampsfor general lighting
service:Part IRequirementsand tests (First Revision)

Highpressuremercuryvapourlamps:Part 1Requirementsand
tests

Highpressuresodiumvapour lamps:Part 1General
requirementsand tests

Tungsten halogen lamps (non-vehicle)

Selfballasted lampsfor general lightingservices:Part 2
Performancerequirements

PART3 ELECTRIC LIGHT SOURCESAND ACCESSORIES- SECTION 1 LIGHTSOURCES 49
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PART 3 ELECTRIC LIGHT SOU RCESA D THEIR ACCESSORIES
Section 1 Electric Li ght Sources

SCOPE

This code is an introduction to most of the light sources
used for general lighti ng. It providesessentia l informat ion
to un derstan dtypical characteristics of each source.
Althoug h there ar e brief constructional details and
performancecharacteristics of various types of electric
lig ht sources, the designer should also consult the
individual manufacturer' catalogueon light sourcesand
associatedequipmentfor detailed information.

2 TERMlNOLOCY

The definitions of the term s used in this chapterare given
in Part I of this code .

3 CLASSIFICATIO OF LAMPS

3.1 Genera l

Elec tric light sources can be subdivided by their main
principleofoperation(see Fig. I) :

a) Incandescent lamps: In these the lightcomesfrom
a heatedmetal wire. The halogenlamp contains
a spec ia l gas to improve theefficacy.Thesetypes
are widely used, but wi ll be phasedout in the
coming yearsdue totheir low efficacy;

b) GasDischargelamps: The light from these lamps,
comesfrom a dischargebetweentwo electrodes
in a gas tilled glass or ceramictube. Thereare
two rangesdepending on themost importantgas ,
mercury or sod ium. Both theseranges can be
subd iv ided by the pressure in the glass tube:
high or low pres urc; and

c) Solid StateLi ghtingor LED lamps: An LED is a
semiconductordevice. When acurrent is passed

through an LED, electronsmove through the
semiconductormaterial andsomeofthem fall into
a lower energystate . In theprocess, the 'spare'
energyis emitted aslight. The wavelengt h (and
hencecolour)of the light can betunedasrequired
by using different semiconductormaterials and
manufacturingprocesses. Furthermore, th e
wavelength spreadoftheemittedlight is relatively
narrow, giving pure (or aturated)colours.

3.2 Developmentof Electr icalLight Sources

Starting with the invention of the incandescentlamp in
1879 , the developmentof all othe r majorgroups o f light
source' can be see n in Fig. 2. -

4 CA DESCE T FILAME T LA 'IP

4.1 The first incandescent lamp wa s in vented by
Thoma Al va Ed ison in 1879 and comprise d carbon
fil aments instead of tungsten fil aments.Theselam ps had
an efficacy of 2.54 Im/W. The incandescentlamp famil y
can be ubdivided into 2 group :

a) GLS; and

b) TungstenHalogen lamps.

4.2 General Li ghting Serv ice

G LS (ge nerallighting erv ice) lamps con sistofa tungsten
wire filament on asuitablemount structure enclose d in a
glas bu lb containingan inert gas or vacuum.The base
of the GL incandescent lamp is eith er bayonet cap or
screw cap type ; theouter envelopecan beclear, inside
frosted, white diffu e coated, and specially shaped for
decorativepurpose.A lthough, GLS lampsare thesimplest
in termsof technology and usability, they are already on

._? __: ~ ( ' l' •

---------

Fig. 1 BroadClassification of Lamp
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Fig. 2 Developmentof Various Light Sources

The light i producedby a coiled filamentof tungsten.
The filament i protectedby a quartz or hard glas bulb
which isdeliberatelysmall to ensure the correct bulb wall
temperature. The bulb is filled with a halogen gas rather
than nitrogen and argon. The halogen gas is either iodine
or bromine, or in some cases a mixtureof both. The bulb
shape is tubular and its surface is closer to the hot filament
(see Fig. 3).

When atungstenfilament is hot , minute particles of
tungsten evaporate. These tungsten particles combine with
the halogen gas and are prevented fromcondensingon
the bulb, provided the bulb is above 200°C. The combined
tungsten and halogen remains as a gas which circu lates
within the bulb , and when itapproachesthe filament
where thetemperatureis much higher, thecombination
becomesun table and revert to the two separate
constituentsof tungstenand halogen.The tungsten
condenseson thecoolestlocal point, usually around the
endof the filament(see Fig. 4). This process is called the
halogenregenerativecycle.

As the inside surfaceof the bulb remains clean the lumen
maintenanceremains highthroughoutthe lamp life.

their way out, and many countrie s have banned (or are in
the processofbanning) them as they areextremelyenergy
inefficient.

Tungstenhas many de irableproperties for use as an
incande cent light ource. Its low vapour pre sure and
high melting point (3 655 K) permit high operating
temperatures.

vaporationof the filament is reduced by filling the bulb
with an inert gas. Theoperating temperatureof the
fi lament can then becorrespondinglyhigher . itrogen
and argon are the gases mostcommonlyused. The "bulb
may beof clear, coloured or white translucent gla and,
a wide varietyof shapes. The cap provides the meansof
connecting the lamp to the .ocket. Thesecap' are
identified by the letters E (Edison) and B(Bayonet) in
the typereferencefollowed by a figure indicating the
diameterof the cap inmillimeters. The mostcommon
typesof caps used in India for general lighting ervice
lamps are bayonet (B22d), medium crew (E27) and large
screw (E 40) type caps. For orneof thedecorativelamps
smaller bayonet (for example , B15) or screw (E 14, E17)
caps are also used.

A wide variety of tungsten filament lamps are being
produced by different manufacturersfor various
application . LAMP CAP TUNGSTEN FILAMENT

GTE - The requirement s and tests o f GLS lamps are
specitied in I 418.

4.3 Halogen Lamps

A halogen lamp work on the principleofthe incande cent
lam~ . Th e ligh t output in a halogen lamp i more
~ o n I tent than a standardincandescentlamp and the life
I. much longer. The size is smaller for the halogen cycle
10 I h' h .rave a Ig bulb wall temperature,which requires
quartz or hard glass to be used. Better beam control is
pos ible becauseof the small ource size.

I
QUARTZ OR HARD HALOGEN GAS

GLASS BULB

Fig. 3 HalogenLamp on (ruction
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FigA peratingPrinciple

The tungsten parti cles relea ed close to thefilament tend
to reducethe amountof e aporation, 0 the filament and
thus the lamp last lon ger. However,the lamp will
eventuallybreakat it weake t point.

Halogen lamps last longer than standard incandescent
lamps.The halogenlamp has ahigher lamp efficacy than
GL lamp.

Halogen lamps aresmaller in size andlighter in weight
as comparedto incandecent lamp (see Fig. 5) . This
allow the design and use of smaller lightweight
luminaires.It pro ide greatermountingflexibility when
u ing ing le endedlamp s. Lumi naires ca n be designed to
pro vide better contro lof light; more lightcanbe directed
where it i needed .

Linear halogen lamp have a lim tubular bulb and
recesed ing lecontactlamp caps(R7s),one ateachend
of the lamp . Wattage rangefrom 100W to 2OOOW.

LO\ oltage halogen lamp are most commonly single
ended.

The ba ic module i a halogencap ule. The . e cap ule
can al 0 be permitted wit h refl ectors, wit h precise
pre-focussedbeamangle. The e are aailablein two ize :

a) 35 mmreflectorcalled R II (see Fig. 7a); and

b) 50 mmreflectorca lled MR16(seeFig. 7b).

The lamp s arerated at 12 and need atransformerto
reducethe normal 240 V to 12V. Wattagesrange from
12 to 75Wand therangeof beam pread is from 7 to 55
degree.

The lamp capsare all 2 pin (GU4 for MR I I and U5.3
for MRI6). In India MR 16, i the most common lamp
u ed.Theyare availableasopenreflectorsor with a front
glass cover.

The reflector u ually ha e a pecial dichroic coating,
(which is why theselampsareoften referredto a dichroic
lamp) which ab orb radiatedinfrared wave from the
cap ule and transmits li ght waves. However, halogen

HALOGENSTANDARD INCANDESCENT

NOTE - T he req u irementsand tests of tung ten
halogen lamps are peci lied in 1S12948.

4.2. 1 Basic Halogen Lamp Types

Halo gen lamps can be operatedon mains oltage (MV
halo gen lamps) or on low vo ltage (LV halo gen lamp s).
The commo n types of halogen lamp are:

a) Linear ( metim called double ended)(seeFig 6);

b) Single ended;

c) Ca psule (sing le ended but noouter bu lb); and

d) PAR (cap ulecontainedin PAR shapebulb).

PRECISE

DOUBLE ENDED

SINGLE ENDED PAR

HALOBTT

Fig. 6 Typ of Halogen Lamp

Fig. 7 (a) (MR II ) Fig. 7 (b) (M R16)

Fig. 5 Incande cent and Halogen Lamp Fig. 7 Low Voltage Halogen Lamp s (Dichroic Lam ps)
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BI-PIN BASEARGON FILLING GAS

a) Integrated(wherecontrolgears areintegratedin
the lamp construction)

b) Non Integrated(separateexternalcontrol gears
are to be used)

The CFL Integratedlamphas asimilar lamp base to GLS
lamps (B22 fE27) and is bestsuitedfor residentialand
semicommercialapplications;GLS lampscanbedirectly
replacedby a lower wattageCFL-I lamp with potential
energysaving upto 75 percent(check manufacturers'
specifications).Most manufacturersnow offer wide
options in this categoryin terms of diameterof tube,
shapes(straight, helix etc.), and also with external
decorativecovers.

The CFL-NI (non-integrated)versionsalso haveoptions
of various bases (2 pin, 4 pin) and number of
interconnectedtubes.The two pin versionshave an
internal starterbuilt into the cap and are notdimmable
(see Fig.12). The four pin versionsrequire external
starting and are suitable for use with high frequency
electronicballast systems(with or without dimming
options) and emergencylighting. Compactfluorescent
lamps have triphosphorsamd so have excellentcolour
rendering.Lamps in the colour temperaturerangefrom
2 700 K to 6 500 K areavailable.

The CFL-NI are also nowavailablein multiple bendsto
further reducesizes, offering more designflexibility to
luminairemanufacturers.

NOTE - The requirementsand testsof CFL lamps are
given in IS 15111(PartI and Part 2).

5.3 High IntensityDischarge(HID) Lamps

5.3.1 TypesofHID Lamps

Thereare fourmainrangesofHID lamps:

a) High pressuremercuryvapourlamps(HPMV);

b) Metalhalidelamps (MH);

c) High pressuresodiumvapourlamps(HPSV);and

d) Low pressuresodiumvapourlamps(LPSV).

The first three have similar generalconstructionand
operatingprinciples. LPSV lamps are more close to
fluorescenttubes onlywithout the phosphorcoatingand
usingsodiumin placeof mercury.

~

/
/

110r--------::=====t

methodsare nowreplacingsuch control gearbecause
they aremoreefficient and incorporateadditionalsafety
features.

Fluorescentlampperformanceis dependentuponthetype
of fluorescentpowderused,length,diameterandambient
temperature.

Luminous efficacy and colour propertiesare primarily
determinedby the type of flupowder used.Tl2 lamps
usedstandardhalophosphatephosphors.New generation
T8 and T5lampsalso usetribandandmultiline phosphors
whichresultsin higherlampperformance(efficacy,colour
qualityandlifetimeperformance).Lampoutputis affected
by extremesin ambienttemperature.Fluorescentlamps
are relatively sensitiveto ambienttemperaturebecause
they are low pressurelamps.

5.1.1 High Frequency Operation

With frequenciesfrom 15 to 30kHz light outputimproves
up to 10percent(seeFig. 11).This is why the useofhigh
frequency electronicballasts is becomingpopular.
Additional benefitsof high frequency lamps are the
elimination of any irritating flicker, betterstarting, and
the lighterballasts.Differentsize and shapeconfigurations
are easyto arrangewith the electroniccomponents.The
preheatingtime ofelectrodescan becontrolledby suitable
designof the circuits.

NOTE - The requirementsand testsof low pressure
mercury vapour lamps (tubular fluorescentlamps) are
given in IS 24l8(Part I).

5.2 CompactFluorescentLamps

5.2.1 General

The new rare earthactivatedphosphortechnologyhas
led to the developmentof a growing varietyof single
endedlampsknownascompactfluorescentlamps(CFLs).
The lampswere originally designedto beinterchangeable
with conventional25 to 100 Wincandescentlamps, but
now this lamptype includessizes andcoloursto replace
conventionalfluorescentlamps in smallerluminaires.,

Compactfluorescentlampsare of two types:

Fig. 11 High FrequencyOperation

100 2 3 5 1000 2
-Hz

3 5 10000+

Fig. 12Two Pin Lamps

INTERNAL
STARTER
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5.3.2 Operating Principles

High intensitydischargeis often shortenedto HID. HID
lamps give out light from an intenseelectrical arc or
dischargebetweentwo electrodes(seeFig. 13).

Theprocessis similarto thefluorescentlamp, except that
the light comesfrom the arc itself, and not from the
phosphorcoatingon the tube wall. Somedischargelamps
do havephosphorcoatedbulbs but this is only toprovide
supplementarycolour and/or increasethe apparentsize
of the source toreduceglare.

Principalparts in a HID lamp are as follows:

a) Dischargetube;

b) Outer: glass;

c) Electrodes;

d) Fill gas;

e) Bulb coating;and

f) Lamp caps.

Propertiesof dischargedependon the type andpressure
of gas, electrode material,temperatureofelectrodes, shape
and surfacestructureof electrodes,distancebetween
electrodes,geometryof dischargevesseland current
density,

Most dischargelamps do not start instantly.Composition
of gas in cold lamps differ from hot lamps. This leadsto
change inluminous flux and colour characteristicsand
changein electrical characteristics.There is also a
reignitiontime as the arctemperatureandpressureis very
high, it has highresistance.In generalthe arc must cool
down to reignite again or a very high ignition voltage
must beappliedto startimmediately.

In summary,dischargelamp characteristicsare:

a) Typeofmetal (sodiumor mercury)andpressure
(high or low) decidesthe typeoflight (quantity
and quality);

b) Needa highervoltageto start;
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c) Additional gas (fill gas) to help instartingand
operations;

d) All lamps will need astarterto start. They can be
built-in or externalignitor;

e) All lamps will need aballastto operate. They can
also bebuilt-in or external;

f). Ra< 100; and

g). Longservicelife.

5.3.3 High Pressure MercuryVapour (HPMV) Lamps

The high pressuremercuryvapourlamp was oneof the
first HID lamp types to appear on themarketin 1930s. The
outer bulb stabilizesand maintainsthe necessaryhigh
temperaturearoundthe arc tube and alsoabsorbsthe
potentiallyhazardousUV radiationcomingfrom the arc.
Nitrogengaswithin theouterbulb protectsthe metal parts
from oxidation.

The bulb isphosphorcoatedto generatesome red light
that is added to the light from the arc tube,improvingthe
colour renderingand appearanceof the lamp. The light
directfrom the arc ismainlyblue and green.

Startingand operatingprinciplesof an HPMV lamp are
shownin Fig 14. When thecircuit is energized,a small arc.
is formedbetweenthe starting electrode and adjacent main
electrode.The arc ionizes the fill gas andmetallicvapour.
When enoughions arepresentin the arc tube, the main
arc strikesbetweenthe two main electrodes(resistance
drops sufficiently). The currentto the startingelectrode
stops as theresistanceis higher than that betweenthe
main electrodes.The main arcradiatesintenselight.

Inside the arc tube thestarting gas is argon.Mercury
ions support the arc after the lamp starts. The main
electrodesare double layersof tungstenwire with rare
earth oxides for long life and goodlumenmaintenance.
The startingresistorlimits the currentto a low valuefor
starting.After the lamp starts thecurrentbypassesthe
resistorand starting electrodeas soon as theresistance
betweenthe mainelectrodesfalls belowthatofthe starting
resistor(seefig. 15). .

ELECTRODES

HIGH
INTENSITY

ARC

Fig. 13OperatingPrincipleof HID Lamps

STARTING
ARC

STARTING
ELECTRODE

MAIN
ELECTRODE

AT START AFTER START

Fig. 14 HPMVLamp Operation

MAIN ARC
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Fig. 15 Constructionof HPMV Lamps

NOTE - The requirements and tests of HPMV lamps
are specified in IS 9900 (Part 1).

Mercury vapour lamps werewidely used for lighting
residential streets, industrial interior and exterior situations
and amenity lighting.

These lamps are also on their way out becauseof their
lower efficacy as comparedto new generationhigh
pressure metal halide lamps.

5.3.4 BlendedLamps

These lamps have a mercury arc tube in series with an
incandescenttungsten filament. This filament acts as the
ballast for the mercury arc tube, so no separate ballasts
are requiredfor the starting and operationof a blended
lamp. This characteristic makes theblendedlamp suitable
for direct replacement of high wattage GLS lamps with the
advantagesof longer life and higher efficacy of the
mercury lamp.

. 5.3.5 Metal Halide (MH) Lamps

Rapid technological changes have now made this group
oflampsthe most popular lamp both for indoor and outdoor
applications. Its compactsize andexcellentcolour
properties make it suitable for a wide range of applications
from sports to industry, cities and shops.

Metal halide lamps can broadly be grouped into 2 types,
depending on the discharge tube material:

a) Quartz metal halides; and

b) Ceramic discharge metal halides.

Furtherthese lamps can be single ended or double ended.

Fig. 16showshow metalhalide lampsare similarto mercury
lamps. The main difference is that the arc tube contains .
metal halides in addition to mercury. There are three main
groups:

a) Tricolour radiators,employing sodium (Na),
thallium (II) and indium (In);

b) Multi-line radiators, employing rare earths and

BIMETAL SWITCH

MAIN ELECTRODE

MERCURY AND
METALLlCHALlDES

QUARTZ ARCTOSE

~-\tJ~ri- MAIN ELECTRODE

~OUTERBULB

---+
LINE
---+L J-----'

Fig. 16 Metal Halide Lamps Construction

associatedelements,chiefly scandium(Sc),
dysprosium(Dy), thulium (Tm) andholmium
(Ro); and

c) Molecular radiators,which display a quasi-
continuous spectrum. These employ tin iodide
(SnI

2
) and tin chloride (SnCI2) .

The outer bulb is of the same materials and functions as
in the mercury lamp. Both clear andphosphorcoated
versions are available. Phosphor coated lamps help further
modify the colour and generallyto lower the colour
temperatureof the lamp. The arc tubes are usually smaller
for equivalent wattage. The main electrodes aresimilarto
those of mercury lamps except there is no emission coating
and they are larger.

The starting electrodeis the sameexceptthere is a
bimetallic switch that shorts the starter circuit to the main
electrode after the lamp starts. The arc tube is slightly
smaller than in the mercury lamp. The ends have a white
reflective coating to control the arc temperature and metal
vaporization.Also the ends aremouldedto a precise
parabolic shape.

Most multivapour lampsrequire special metalhalide
ballasts, andcompatibilitybetween lamp and control gear
should always be checked.

MR lamps operateon the samegeneralprinciples as
mercury lamps. The addition of metal halides into the arc
tube affects thelight output and improvesthe colour
characteristics. The metal halides vaporize into halogen
and metal in the central coreof the arc (the hottest area).

The additional metals radiate more light than mercury and
at desirable wavelengths.It is the combination of several
metals thatproduceswhite light and thenumberand
proportionofthe metallic constituents can vary this colour.
As the metals and halogen move out of the central arc
towards the tube walls theyrecombineat the cooler
temperature. This halogen cycle repeats.

MAIN
ELECTRODES

QUARTZ
ARCTUBE

ARGON
FILL GAS

MERCURY

STARTING
RESISTOR

STARTING
ELECTRODE
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Metal Halide lamps offer greaterlight output than
comparablemercurylamps.Consequentlylesswattageis
required for a given lighting level and lesspower is
consumed.

Metal halide lampsprovidegoodcolouruniformity from
lamp to lamp andbettercolour renderingthan mercury
vapourlamps. Metal halideelliptical lamps aresensitive
to burningpositionwith vertical (± 15°)preferredfor most.
Metal halide tubular lamps have ahorizontal burning
position(± 15°).

Special types are also available where the arc is
automaticallyextinguishedifthe outerenvelopeis broken
or punctured.They may berequiredin locationswhere
exposureto UV radiationis to be avoided.

Low wattagemetal halide lamps come in varieties for
differentapplications,such asdisplays,recessedlighting
and track lighting. Theyproducebrilliant white light in a
small arc capsule,enclosedin a small outerjacket.Current
lampsincludethe following variations:

a) Single ended withmediumbase;

b) Singleendedwith bi-pin base; and

c) Doubleendedwith recessedsinglecontactbase.

Somesingle endedlamps have a transparentsleeve
surroundingthe arccapsule,which serves as a heatshield
to achieveuniformcapsule temperature, thereby improving
colouruniformity andstability over life.

5.3.6 Low Pressure Sodium Vapour(LPSV)Lamps

All the light producedfrom sodium lamps' comes from
vaporizedsodiumcontainedin an arc tube.If the sodium
pressurein the arc tube is very low then all theradiation
from thedischargeappearsasyellow light. To obtain the
low pressure,a large arc tube isrequiredwhich issimilar
to a compactfluorescenttube but madeof a specialply
glass with asodiumresistantinternal skin.

The U shaped arc tube iscontainedin a glass outervacuum
jacket,with a clearcoatingwhich reflects internalinfrared
energy, tomaintainthecorrectoperatingtemperature(see
Fig. 17). Lowpressuresodiumlampwattagesrange from
18Wto 180W.

The largerversionsachieve anefficacyofalmost200 lm/
Wand are the most efficient light sourcesavailable.
However, the yellow colour makes itunsuitablefor general
interior lighting and their main use is forlighting trunk
roads, tunnels,underpassesand for security lighting.

LPSV lamps require their own control gear with aballast
andignitor or specialballastonly.Becauseofthequantity
of sodiumcontainedin these lamps,transportationand
disposalmustbe in anapprovedmanner.

Also LPSV lampscannotbe used in or abovehazardous
zones in case fire results from an accidental lamp breakage.

SP 72 : 2010

5.3.7 High Pressure Sodium Vapour (HPSV) Lamps

High pressuresodium lamps (HPSV) are socalled to
distinguishthem from low pressuresodiumlamps, but
the differenceis relativeand the actual arc tubepressure
is not much aboveatmosphericpressure. This means there
is noviolent failure shouldan arc tube rupture. Also, there
is no significant UV radiation from the lamp and
consequentlyHPSV lamps can be used safely in open
luminaires.When running in a stablecondition after a
few minutes,the yellow light from the sodiumdischarge
is absorbedand reradiatedas blue, green and red light
and coloursbecomevisible.

Theselamps aredifferent in construction,operationand
light radiation to the other HID lamps. However, there
are somesimilaritiesas shown in Fig 18. The HPSV lamps

, have fewer internal parts than MV or MH lamps.

The arc tube is aspecial translucentaluminium oxide
ceramicmaterial designedto withstandtemperaturesup
to 1 300°C and totransmit 92 percentof the visible
wavelength.The arc tubeshouldbe freeofpores that can
leak orweakenthe tube and notdeterioratein thepresence
of hot sodium.

The outer bulbcontainsavacuum.The arc tube fill gas is
xenon. Theamalgamreservoirat one endof tubeholdsa
liquid sodium andmercurymixture.
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Most high pressuresodium lamps can operatein any
position. Theburning position has nosignificant effect
on light output.Lamptypes are alsoavailablewith diffuse
coatingon theinsideof the outerbulb to increasesource
luminoussize orreducesourceluminance,if required.:

Becauseof the smalldiameterof a highpressuresodium
lamp arc tube, nostartingelectrodeis built into the arc
tube as in themercurylamp. A high voltage high frequency
pulse isrequiredto start these lamps.

HPSV lamps aremostly usedin urban lighting wherea
warm andappealingcolour of light combinedwith high
light output and low energyconsumptionare required,
for example,squares,parks, city centres,residentialareas.
It is also used for decorativeoutdoor lighting where
lighting can createan image and life in the cities, for
example,monuments,facades,historicalbuildings.

AnotherareawhereHPSV lamps havebetterpreference
is for industriallighting for arelativelyhigh lighting level
with good renderingof colour at low cost namely,!
industrialhalls, light industry, etc.

NOTE - The requirementsand testsof HPSV lamps
are specified in IS 9974(PartI).

5.3.8 Compact Arc Lamps

High pressuregas dischargelamps havingan arclength
which is small comparedwith the sizeof the electrodes
arecalledshort arc orcompactarc lamps.Dependingon
rated wattageand intendedapplication,the arclengthof
these lamps mayvary from abouta thirdofamillimeterto
about a centimeter.These lamps have the highest
luminanceand radianceof any continuouslyoperating
light source and are theclosestapproachto apointsource.

The envelopeis made fromopticallyclear quartzmaterial
ofvarious grades and has asphericalor ellipsoidalshape.
The gradeofthequartz will determinethe amountofozone
generated. The most widely used material for theelectrodes
is tungsten.
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The reservoiris the coolestpart of the arc tube.Excess
sodium-mercurycondensesand collects at this point
(seeFig. 19).

The electrodesare double layertungstencoils with rare
earth oxides like in other HID lamps. HPSV lamps have no
starting electrode. The external control gear includes an
ignitor that provides a high voltage pulse to start the arc.
The starting pulse for a400 W lamp is2 500to 4 500V and
lasts for less than 1 microsecond.The short duration
meanslittle energyis used but issufficient to ionize the
xenongas. Once thecurrent flows through the ionized
gas theheatfrom the arcevaporatestheamalgammixture.
The warm up period of high pressuresodium lamps is
longerthan for most metal halide lamps,around5 minutes,
but converselythe hotrestrikeperiodis shorter,typically
less than oneminute(seeFig. 20).

As thesodiumvaporizesduring warm up, thecolourshifts
from blue toorangeto goldenwhite as thepressurerises.
Colour changesvery little throughoutlamp life. HPSV
lamps offer severaladvantagesover mercuryand metal
halide lamps. High pressuresodiumlamps have good
lumenmaintenance.
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Fig. 19 Arc TubeComponents Fig. 20 HPSV LampOperation
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Most compactarc lamps aredesignedfor DC operation.
This results inbetterarcstabilityandsubstantiallylonger
life. DC systems consistofan ignitor and a regulated power
supply. Highvoltagepulses (up to 50 000 V)breakdown
the gapbetweenthe electrodes,ionize the gas and heat
the cathodetip to thermionicemittingtemperatures.

Note that higher wattage lamps do notnecessarilyyield
more light intensity. When higherillumination intensity is
needed, lamps withgreaterbrightnessmust beselected
and this does not always increase with lamp wattage.

5.3.8.1 Xenon lamps

Xenoncompactarc lamps are filled at several atmospheres
ofxenon gas.Theyreach 80percentoffinal outputwithin
10minutesor lessofstarting.The arccolouris very close
to daylight (6000K). The spectrumis continuousin the
visible range andextendsfar into theultraviolet.A xenon
lamp exhibits strong lines in the near infrared between 800
nm and 1 000 nm and some weak lines in the blue portion
of the spectrum.

Xenon compactarc lamps are made with ratedwattages
from 75 to 30 000 watts and areavailablefor operationin
either avertical or horizontal position. Thebreakdown
voltagebetweentheelectrodeswill run from 10 kV for a
small lamp up to 60 kV or more for lamps rated 30 kW.The
luminous efficacy of xenon compactarc lamps is
approximately30 ImIW at 1 000W,45 lm/W at 5 000 W,
and over 150 Im/W at 20 kW.

5.3.8.2 Mercury-xenon lamps

A mercury-xenonlamp containsa specific amountof
mercury and a smallamountofxenon added at apressure
exceedingone atmosphere.The xenon is necessaryto
facilitate startingand to sustain the arc until themercury
is fully vaporized;it also reduces the warm up period.
Normal warm up time is 10 to .15minutes.

Mercury lamps aresensitiveto coolingbecausethe bulb
temperaturedeterminesthe vapour pressure. The lamp

, can beovercooledto the point that full output in the
mercury spectrumis neverachieved. Thecooling water
should beordinarytap water. Chilled water maydecrease
the operatingvoltage and interfere with the proper
evaporationofmercury. In some cases, themercurymay
not evaporateat all, causingunsuitableperformanceand
shortened lamp life.

Typical steady state voltageof a mercury-xenonlamp is
higher than thatofaxenonlamp. The output in the visible
rangeconsistsmainly of four mercury lines and some
continuum, due to the highoperatingpressure. Aproperly
warmed'lampwill show nosignificanttraceof the xenon
gas spectrum.Mercury-xenonlamps are available in
wattages from 200 to 7 000 W. The luminousefficacy is
approximately50 lm/Wat 1 000Wandabout 55 ImIWat
5000W.
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5.3.8.3 Lamphandling

Compactarc lampscontainhighly pressurizedgas,and
presentan explosion hazard even when cold. It is
necessaryto wear faceprotection,such as awelder's
helmet,wheneverhandlinglamps.

Specialstoragecases areprovidedto eliminatepossible
hazardsduring shipping and handling. Safety goggles
and soft cottongloves should be worn whenremoving
and installing lamps. Thequartzenvelopeshould never
be touchedwith bare hands; suchhandlingmay lead to
deterioration and premature failure. If accidentally handled,
the lamp surface should becleanedwith an alcohol swab
to remove anyresidue.Oneshouldnever look 'directly at
an operating arc lamp which may result in severe eye injury.
UV protectivelenses, such as awelder'shelmet;should
be worn, whenworking aroundoperatingarc lamps.

5.3.8.4. Polarization

Some lamps can only bemountedone way in thepower
arc housingsince theanode(+) and cathode(-) have
different diameters,thus makingaccidentalpolarization
reversal nearlyimpossible.However, some lamps have
the samediameteranode andcathode,allowing room for
error. Reference should be made to the lamp
manufacturer'sdata sheet forproperidentificationof the
anode and cathode.

It may be noted thatreversedpolarizationwill result in
immediate andpermanentdamage to the lampelectrodes.
A lamp that has been fired with reversedpolarizationwill
have obvious physical damageto the electrodes.A
damagedlamp will fire, but it will exhibit unstable
performanceand aseverelyshortenedoperatinglife.

5.3.8.5 Lampstability

Short termstability is measuredover seconds, while long
term stability is measuredover minutes, hours, or even
days. Short term stability is affected by arc'wander,''flare'
and'flutter.'Arc wander is the movementofthe attachment
point of the arc on thecathodesurface. Typically the arc
moves around the conicalcathodetip in a circular fashion,
taking severalsecondsto move a full circle.

Arc flare refers to themomentarychange inbrightnessas
the arc moves to an area on the cathodehaving a
preferential emissive quality over the previousattachment
point. Arc flutter is the rapidside-to-sidedisplacementof

. the arc column as it is buffeted byconvectioncurrents in
the xenon gas which are caused as the gas is heated by
the arc and cooled by theenvelopewalls.

I
Arc wanderand flare can be reduced by a slightdecrease
in theoperatingcurrent. Forexample,a 75 W xenon lamp
rated at 5.4 A may beoperatedat 4.5 A for the first one or
two minutesof operation,after which thecurrentshould

.bebroughtup to thespecifiednormal operatinglevel.
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6 INDUCTION LAMPS

Fig. 21 Componentsof Typical Induction Lamp

The induction lamp introduces a totally newconceptin
light generation. Light generation is on the same principle
as a low pressure mercury vapour lamp.It is the changing
magnetic field within the lamp that generates the current
flow through the ionized mercury vapour.

The fundamental difference is that there are no electrodes
or wire connections into the lamp. Induction lamps are
sometimes called'electrodeless'lamps because of this
feature. The glass bulb has a hollow centre and in this
there is an induction coil, which isconnectedto a high
frequency supply generated by control gear mounted in
the lamp cap. This lamp has a sealed glass bulb, which
contains krypton gas, a small amount of mercury (6 mg),
and an internal phosphor coating(see Fig. 21).An electrical
current passing through a low pressure of mercury vapour
produces UV radiation. This is absorbed by thephosphor
coating and emitted as light.

7 LIGHT EMITflNG DIODES (LEDS)

LEDs aresemiconductordiodes,which areelectronic
devices thatpermitcurrent to flow in only one direction.
The diode is formed by bringing two slightly different
materials together to form p-n junction. In a p-njunction,
the 'p' type containsexcesspositive charge(holes,
indicating the absence of electrons) while the'n' type
contains excess negative charge (electrons).

When a forward voltage is applied to thesemiconducting
element forming the p-njunction (hereafter referred to
as thejunction),electrons move from the'n' area toward
the 'p' area and holes move toward the'n' area. Near the
junction, the electrons and holes combine. As this occurs,
energy is released in the form of light that is emitted by
the LED (see Fig. 22). Manufacturers'specifications
provide the maximum reverse voltages acceptable for LED
devices; 5 V is a typical maximum rating.

A typical voltage-current relationship for an
illumination-gradeLED is shown in Figure 23. As seen in
this figure, a slight change in voltage can result in very
large changes in current. Since the light output of an LED
is proportional to its current, this can result in
unacceptablevariation in light output. If the resulting
current exceedsthe limits recommendedby the
manufacturer, the long-term performance of the LED can
be affected, resulting in shorter useful life. The solid line
in Fig. 23 is for normal operating parameters; the dotted
lines are extrapolated.

An LED driver performs a function similar to the ballast
for dischargelamps. It controls the current flowing
through the LED. Most LED drivers are designedto
provide current to a specific device or array. Since LED
packages and arrays.are not presently standardized, it is
very important that a driver is selected that is matched to
the specific deviceor-arrayto be illuminated.

Several material technologies are available to make an
LED. The LED materials are specific materials known as
III-V (three-five) materials, either having a vacant place
for an electron, a hole, or a single electron at the outer
shell of the atom. The material used in the semiconducting
elementof an LED determinesitscolour.Older technologies
are GaP and AIGaAs. With thesetechnologiesit was
possible to make wavelengths from red to yellowish green
and aremostly used asindicators in the automotive
industry and keypad and instrument cluster illumination
in the computerindustry. The disadvantageof these
technologiesis that thelifetime of the LEDs shortens

The principal advantage offered by this lamp is a long life,
as there are practically no failure points. However,
electrodes absorb energy and so reduce the lamp efficacy.
They also cause local blackening on the lamp wall which
reduces light output.

ELECTRON / ION
PLASMA

ELECTRONICS

PLASTIC
HOUSING

PHOSPHOR COATING "It

5.3.8.6 Lamplife

The useful life of compact arc lamps is determinedprimarily
by the decrease of luminous flux caused by the deposit of
evaporatedelectrodematerial on the inner wall of the
envelope.Frequentignition accelerateselectrodewear
and hastens the blackening of the envelope. Average lamp
life is based on approximately 20 minutes of operation for
each ignition. The end of the lamp life is the point at which
the UV output has decreased by approximately 25 percent,
the arc instability has increased beyond 10 percent, or the
lamp has ceased to operate underspecifiedconditions.
Lamps should be replaced when the average lamp life has
been exceeded by 25 percent.

As the lamp ages, the operatingvoltage will increase.Lamp
current should be decreased to maintain output until the
minimum operating current is reached. At this time the
lamp should be replaced. Lamp life varies with different
types. Themanufacturer'sspecifications give the rated
lamp life.
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significantly at higher temperatures and higher currents.
The positive point is that the production of those LEDs is
very cost effective.

These disadvantages were overcome with the introduction
of AlInGaP (Aluminum indium gallium phosphide),a
material system able to handle highcurrentsand high
humidity.This technologyis thebasis for thehigh-brightness
red and amber LEDs.

In the early 90's, the InGaNtechnologydevelopment
started (Mr. Nakamura at Nichia was first to introduce it).
This technologybrought the first blue, green and cyan
LEDs. Later white LEDs appearedon themarket,Suddenly
the wholespectrumwas filled, except true yellow.

This openedthe road for many applications:traffic
signals, including green, largescreensbasedon red,
green and blue, generalilluminationtasksbasedon white
light like torches and colour screens on cell phones with
a whitebacklight.

400

300

200

100

I

2 3

ForwardVoltage (V)

4 5

red LEO

-blue LED

At this momenttwo technologiesare leading in the field
of high-brightnessLEDs:AlInGaPand InGaN.

Various typesof LEDs are available andperformance
characteristicscan differ widely.

Through hole LEDs are seen as the classic LEDs. They
are called through hole,becausethe leadsof thepackage
have to gothough a hole in theprinted circuit board
(PCB). These areavailablewith diametersof 3.4 and 5
mm and are used in a varietyofapplications. Theproduct
isbasicallya lead frame with an epoxy housing, forming
theprimarylens. Typicalcurrentsrange from 20-50m.A,
The thermally improved version is known as the
Superflux LED, that can handleup to 70 rnA. This
product is widely used in theautomotiveand signage
industry producing up to 10 lumens. Automatic
placementwith high yields of these LEDs isdifficult,
therefore surface mount devices (SMD) were developed.
Surface mount LEDs alsocalledSMD LEDs, arebeing
used ininstrumentclustersin cars, car radios,backlights
for mobile phone screens,keypadillumination and all
kind of indicators in for example, computers. These can
beplacedandsolderedon aprintedcircuit board (PCB)
with standardautomaticplacingequipmentand in-line
solderingequipment. The LEDs are placed on a PCB and
then moved through a hightemperatureoven that melts
the solder, or transportedthrough a wave of melted
solder. Typical currents range from a few mAs up to 150
rnA,producing less than 1 lm up to 101m. These typesof
LEDs are suited for high volume production.

High PowerLEDs havebridgedthe gapbetweenthe
semiconductorindustry and general lighting.Designed
with the best optical and thermal properties, these LEDs
have become suitable for general lighting. A thermal and
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optical de. ign i needed to makeu: eof the high potential
of theseLED. The current range from" -0 m upto

I 500 rrtA. producing more than _001m.

LED characteri tic. can be divided in optical performance,
thermal and electricalperformanceand diITerent way to
drivc the L D.

A with other light ourcc tcchrio loaics. such a.
fluorescent and high intcnity di charge. lighting system
using LEOs can be thoughtof a. having a light source

(typically. the individua l LED ource). a ballast (for LED ,
often called a driver). and a luminaire (the surrounding
material for optical control of the emitted light and thermal
control of the overall .y: tern). Unlike traditional lighting
sy. tern with few (typica lly. one to four) lightsource.
LOy tern. willlikcly contain array ofmany individual
light source in the near future. Fig. 25show . seve ral
array that arecommerciallyavailable.

H HA ERI 'TICS OF LICH' 0 RCES

8.1 Typical example:ofelectrical.photometric,colour
characteritics and lifeof the mo tcommonly available
light sources are given in the following table.

Light Source IVaffage tj)/cacy Lifeth) Lumen, Starting Colollr Dimming Optical
Range(W) (1m/ IV) Maintenance Timets] Rendition Capubility Control

Inca nde. ce nt 15 to 200 12 to 20 500 to Fair to good In st a n t Very Good Very Good Good
1 000

T un gs te n- 300 to I 500 20 to 27 200 to Good to Ins ta n t cry Good Good Very Good
Ha loge n 2 000 Very Good

. tandard 20 to 0 - 5 to 65 5 000 Fai r to Good 3 to 10 Good Fair Poor
Fluore' cent

Slim line to 5 57 to 67 5 000 Fair to Good to 10 Good Low Po o r
1·luore cent

Compact - to 40 60 to 70 7 500 Good 2 to 5 Good to Very 0\\ Fair
F1uore cent Very Good

Iligh Pre ure 60 to I000 50 to 65 5 000 Very low 2 to 4 Federate Fair Po o r
Mercury to fair

Blended Light 160 to 250 20 to 30 5 000 Low to Fair In:tant Federate Very Low Po o r

Metal Iialide 35 to 2 000 \V so to 95 4 000 to cry Low 240 to Very good Low Good
8 000 360

High Pre .urc 50 to I 000 W 90 to 125 10 000 to Fa ir togood 120 to Low to Low Good
'odium 15 000 240 good

Low Pre.ure 10 to 180 W 100 to 200 10 000 to Good to 240 to Po o r Very Low Po o r
odium 20 000 ery good 600

LED 0.5 to 2.0 60 to 100 10 000 Very Good In tant Good for 0 iood
wh ite L . D
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FOREWORD

Arc dischargelamps likefluorescent,high pressuresodium,mercuryand metal halide lamps havenegativevolt-ampere
characteristicsand hencerequirean auxiliary deviceto limit the current.This deviceis known as theballastwhich
regulatesthe currentand voltageacrossthe lamp and alsoprovidesvoltagesufficient to ensureignition of the arc
dischargelamps.

In additionto theballast,a startingdeviceknown asstarteris used tostrikefluorescentlamps and anelectronicdevice
knownas anignitor is used to strike highpressuresodiumvapourlamps andmetalhalidelamps.

Sincethe ballastis aninductivecircuit, the powerfactorof the systemcomprisingthe ballastand lamp isvery low, to
the extentof 0.5 lagging.For the improvementof the powerfactor a capacitoris connectedacrossthe mains which
compensatesthe inductive load arisingout ofthe ballast.

All thesecomponentsare theessentialaccessoriesfor the operationof dischargelamps and are known ascontrol
gears.
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startingthe lamp instantlywhereasthe ballast performs
the usual functionof operatingthe lamps bycontrolling
the running current. The filament heatingtransformer
helps instartingthe lamprapidly or instantly.

Wherethe line voltage isbelow or above thespecified
lamp starting voltage range, a transformeris used in
conjunctionwith the reactor toprovide proper starting
voltage. This is normally accomplishedwith the
combinationof primary andsecondarycoils forming a
one piece single highreactanceautotransformer.These
autotransformertype ballasts arecommonlyused for low
pressuresodium vapour lamps.

The power factor of this circuit is about 50 percent
lagging. High power factor versions are available in which
acapacitoris installedin thecircuit to increase the power
factor of the system tobetter than 90 percent.These
ballastsare also known asboosterballastsand areof two
types namely, combinationofautotransformerand reactor
or centertapped ballastcombinedwith capacitorin order
to boostthe voltage.

3.2.2 SelectionofElectromagnetic Ballast

While selectingthe luminaire the following electrical
parametersare to beconsidered:

a) Startingcurrent;

b) Running current;

c) Lamp wattage;

d) Ballast losses;

e) Windingtemperature(t
w

) - tw is the maximum
winding temperaturewhich can bewithstoodby
the ballastcontinuouslyfor 10 years; and

f) Temperaturerise (~t) -~t meanstemperature
rise of the winding of the ballast above the
ambienttemperature.

t
w

= ~t + t. where t. is theambient temperature.

Thus theobjectiveshould be toselecta ballast having a
low valueof ~ t and a higher valueoft

w
'

3.2.3 General Guidelines onWatt LossofBallast

NOTE - MH = Metal Halide lamp BF Lightoutputof the lamp with a Reference Ballast(lumen)

3.3 ElectronicBallast

3.3.1 Construction and Operation'

It consistsofelectroniccomponentsandoperatesthe lamp
at 20 to 60 kHz frequency. Theelectronicballast has
approximatelyhalfthe power lossofthe magnetic ballast.
The lampefficacyalso .increases by 10 to15percentwhen
the lampoperatesat afrequencyabove 20 kHz. Hence a
36 W fluorescentlampoperatingat 32 W candeliver its
desiredlumen output.

The electronicballastis availablein instantstartor warm
startversion. The instant startballastwas developedto
start the lampwithout any delay or flashing.Insteadof
heating theelectrodesprior to starting,the instantstart
ballastprovidesa high initial voltageto strike the lamp.

The high voltage is requiredto initiate the discharge
between the unheated electrodes. Since there is no heating
operationofelectrodes,power loss is lower than the rapid
start ballast system. The warm start ballast heats the
electrodesto\ approximatelyI 470°F (800°C) before
applying the voltage. Electrodeheating reducesthe
amountof voltagerequired tostartthe lamp.

The harmonic distortion of the electronic ballast is
generally below 30 percent but better designs are available
with total harmonicdistortion (THD) of less than 10
percent. Thepowerfactor of a luminaire withelectronic
ballastvaries from 0.75 to 0.99 lag based on the design
and theapplication.Another importantparameterof the
electronicballast is the currentcrest factor and this is
usually less than 1.7.

The lamp current crest factor (CCF ) directly impacts lamp
life. It isdefined as peak current divided by average current
asdeliveredby theballastto the lamp.It is recommended
to have acrestfactor less than 1.7.It may be noted that
with a perfectcurrentsine wave having acrestfactor of
1.414 maximum lamp life can be obtained.

The electronic ballast is also available in a constant
wattage version. Thisballastis anintegratedcircuit (Ie)
based design which deliversconstantlamp wattageand
henceconstantillumination level irrespectiveof supply
voltagevariation.

The power factorof this ballast is usually 0.99.Another
featureof the electronicballast is its lowstriking voltage
and wide rangeofoperatingvoltage. It strikes the lamp at
100 V and itsoperatingvoltage varies from 100 to 300 V.

Since the watt loss or power consumptionof the electronic
ballastis very low, theballastlumen factor in the caseof
the electronicballast is very high (0.98 to 1.5).

Ballast Factor (BF):

Light outputof lamp with the Test Ballast(lumen)

9W

14W

l7W

23W

30W

l5W

22W

32W

42W

Watt LossLamp

36/40W FTL

SOW HPMV

l25W HPMV

250W HPMV

400W HPMV

70W HPSV/MH

150W HPSVIMH

250W HPSV/MH

400W HPSVIMH

i)

ii)

iii)

iv)

v)

vi)

vii)

viii)

ix)

st. No.
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With the improvement in so lid tate device and the
availability of sophisticatedintegratedcircuit function ,
thereare now commerciallyavailable electronic ballasts
that provide50 Hz ac input to theballastand operatethe
lamp at 20 to 50 kHz, \ ith re ultin gimpro ement in
balla t efficiencyand lampefficacy. Designsareavailable
for rapid tart and in tant tartof lamps. In orderto offset
the highercostsof electronicballasts,some aredesigned
for use with multiple lamps.

The better designs have circuits which keep the line
currentharmonicdistortionbelow20 percentand provide
a power factor in exce s of 90 percent.

Electronic balla t can al 0 be de igned to operateoff
D and low voltage y tern for application in buses,
airplanes, trailer and battery operatedemergency
sy tem s.Theseballastsutilize transistorsfor inverting
the voltage and operateat frequenciesranging from
400 Hz to 25 kHz. Theseballasts are known as transistor
ballastsand are norm ally used foremergencylighting.

3.3.2 Selection Criteriaoj Electronic Ballasts

a) Total powercon umption:

b) Instantstart or warm tart ;

c) tandardor con tant wattage;

d) Total harmonicdi tortion (TlID) ;

c) urrent crestfactor;

f) Ballastlumenfactor;

g) Power factor; and

h) Filter circuit and deactivationcircuit as safety
feature.

3.4 H. brid Balla t

Thi i generallya combinationof an electroniccontrol
circuit with a reactorballa t. Theelectroniccontrol circuit
help in tarting the lamp wherea the reactorballast
which i u ually a lead typeballast controls the normal
operation. he etypesof ballastsare commonlyused for
lower wattagelow pressuresodium vapour lamps.

68

4 CAPACITOR

The capacitori an cs ential componentof the control

gear. It i a passiveelementand generally u ed for

improvementofpower f a c t ~ r of thedischargelamp circuit.

In specialoperationsit is al 0 being used as a partof the

tarting device a .tated abo e.

A metalizedpolypropylenecapacitoris commonly used

for lighting equipment.The capacitorcan also be the oil

filled papertype in an aluminiumcan. Adischargeresistor

of uitable rating is permanentlyconnectedaero s the

terminalsfor safety.

Power factor improvementi done by connectingthe

capacitorseither in parallel aero the mainsor in "erie

with the ballast.Parallelcapacitorsaredesignedfor 250 V

rating wherea the erie capacitor are suitablefor 400 V

ac upply. Dependingon the circuit impedanceand the

power factorimprovementrequired, thecapacitancevalues

are chosen.

The seriescapacitors with core coil ballast are quite

useful for having a lead lag c irc u it, for avoiding a

strobo copic effect and achieving a total power factor

near unity. The capacitoral 0 help in filtering voltage

pike. tra elling on the input line .

It is generally u ed to improve the power factor of a

di charge lamp used with an inductive type

electromagnetic ballast.It is madeupofzinc and alumin ium

alloy metalized on 6 micron thick dielectric material of

polypropylenefilm. The film i wrappedarounda bobbin

and resin inside aluminium or reinforcedpolypropylene

plastic can. An inbuilt di charge re i tanceof suitable

rating is providedaero s thecapacitorterminalsfor safety.

ormally thecapacitori connectedaero s themainsand

i de igned for250 V rating.

4.1 GeneralGuidelines ofCapacitorsfor Var ious
Lamps:

SI.No . Lamp Power Factor Capacito r in
Parallel

i) 36/40 W FT L > 0.9 4 pfd

ii) 2x36/40 \ FTL > O. 0.9 6. -/8 !Jfd

iii) OW liP 1V > O. 5 ' ufd

iv) 125W liP V > 0.85 :1.0 !Jfd

v) 250\ liP V > 0.85 1"5 !JIll

v i) 400W IIPMV > 0.85 20 !JIll

vii) 70W IIPSV > 0.85 10 !Jfd

viii) 150W liP V > 0.85 15 !JIll

ix) 250W IIPSV > O. 5 33 !Jfd

x) 400W IIPSV > O. 5 42 !Jfd
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startsoperating.In the caseofnon integratedluminaires
where the lamp is located away from the control gear, the
width ofthepulse voltage generated by ignitor and ballast
is high so as to achieve reliablestriking of lamp. The
maximumpermissibledistanceof the lampcompartment
from control gear is 30 m.

6.2 SuperimposedType

Superimposedignitors are available for striking sodium
vapourand metal halide lamps. This ignitor consistsofa
core and coil assemblyin addition to the electronic
components.The ignitorgeneratesa peak voltageon to
5 kV across the lampterminalsand since the ballast is not

70

used as anautotransformerto amplify voltage, the ballast
is free from thedetrimentaleffectofpulsevoltagein case
of malfunctioningof the lamp during the endof its life.
Anotherimportantcharacteristicofmetal halide lamps is
the hotrestrikingtime. If the supplyvoltage is switched
off and immediately switched on, the lamp will have to
cool down for 10 to 15 minutes before it reignites.

Instant restriking of a hot metal halide lamp is
accomplishedby applying a pulsevoltageof25 to 70 kV
acrossthe lampterminals. Most instant hotrestriking
lamps areof double endedconstructionto minimize the
arc-over voltage between the terminals.
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FOREWORD

An electricallightsourceis a devicewhichconvertselectricalenergyinto lightenergy. However,we canseldomuse
a bare lightsourcefor anylighting application.Oneof theprerequisitesof theeffectiveuse of light is toredistribute
the lightfromthe bare lampin therequiredpattern,dependinguponthelightingneed. This isachievedbythe use of
anapparatusknown as aluminaire.

A luminaireistechnicallydefinedas anapparatuswhichdistributes,filters or transformsthe lightgivenby the lamp
or lampsandwhich includesall theitemsnecessaryfor fixing andprotectingtheselampsand forconnectingthemto
theelectricalcircuit. .

Thefollowing IndianStandardis anecessaryadjunctto thissection.

IS No. Title

I0322(Part1):1982 Luminaires:Part1Generalrequirements

PARI' 4 LUMINAIRES - SECfION 1 CLASSIFICATION AND SELECTION 73
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NATIONAL LIGHTING CODE

PART 4 LUMINAIRES
Section 1Classification and Selectionof Luminaires

1 SCOPE

This sectioncoversthe general aspectsof luminaires,
selectioncriteria and different classificationsof
luminaires.

2 lERMINOLOGY

Thedefinitionsof the terms used in thissectionare given
in Part 1of this code.

3 CLASSIFICATION OF LUMINAIRES

Classificationofluminairesis commonly organized on the
basis of applicationareasusually distinguishedas
commercial,industrial, domesticetc. Another form of
classificationemploys the luminous intensity or flux
distributionof the luminaires(seeFig. 1).

3.1 Purposeof Classification

A varietyofluminairesand luminaire systems are available
for different lighting applicationscateringfrom the
simplest to the mostsophisticatedand specialized visual
requirement. The successof any lighting design depends
largely on how intelligently a lamp and luminaire
combinationhas been selected. There are various
technicalparameterswhich are to beevaluatedand
weighedfor a judicious choice of a luminaire for a
particularapplication.

Luminaire classification 'helps specifiers and
manufacturersdescribe, organize, catalogue, and retrieve
luminaire information. The nature of luminaire
classification has undergonea change with the
advancementof computerand information technology.

LUMINAIRE CLASSIFICATION

APPLICATION PHOTOMETRY
GLARE/LIGHTDISTRlBUTION

DOUBLE
ASYMMETRIC

SYMMETRIC

ASYMMETRICSPREAD

1HROW

CONTROL

CATEGORY3

CATEGORY I

CATEGORY2

ZONEII

ZONET

ZONED

FLOODLIGHT

COMMERClAL

STREETLIGHT

INDUSTRIAL

DOMESTIC

Fig. 1LuminaireClassification
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a) Mirro r optics luminaires for commercial
applications;

b) High bay luminaireswith anodizedaluminum
reflectorsfor industrial applications;

c) Streetlighting luminairesusingpreci ionoptics
technologywith HID light ources;and

d) Floodlightingluminaires.

4.2.1.2 Diffusedreflection

In this typeof reflection,reflectedlight is independentof
the angleof incidenceand reflectiondoes not follow the
law of reflection. This methodhas limited capability of
light control but has the advantageof reducing the
brightnessof the light source.Someexamplesare given
below (seeFig. 3):

a) White painted reflector for tubular fluorescent
lamps ; and

b) Highbay luminaires with vitreous enamelled
reflectors.

4.2.2 Diffusion

A perfectly diffusing surfaceis one which has the same
brightness whateverthe ang leof view. This method is
exclusivelyused for decorativeluminaireswhereaesthetic
needprevailsoverfunctional requirement.Someexamples
aregivenbelow(seeFig. 5):

a) Any fluore cent luminaire with diffuser for
commercial application;and

b) Posttop luminaire.

Post Top

Fig. 5 Diffu ion

T5 Luminaire Vitreous Ename lled

4.2.3 Refraction

owadaysrefractionis used for lightcontrol.As a result
we see the emergenceof refractorsusing prismatic light
controllersmadeofacrylic or polycarbonate.Theycollect
light from the light sourceand refract it into more useful

Fig. 3 Diffused Reflection

4.2.1.3 Spreadreflection

This type of reflection is a combinationof diffused and
specularreflection. This is achieved bygiving an unsmooth
finish to the specularreflector's surface.This finds
application for some specific areas. Someexamplesare
given below(seeFig. 4):

a) Petrol station canopy lighting luminaire with
hammerfinish specularreflector; and

b) Floodlight with wide beam using specular hammer
finish surface for hoarding light for wide
distribution.

Petrol Pump Lighting Double asymmetric
Floodlight

Fig. 4 SpreadReflection

76

Refractor Optics Using Polycarbonate
Prismatic Light Controller

Fig. 6 Refraction

zones,controllingglare in the process. The greatadvantage
of this systemis that, it gives light not only onworking
plane but illuminates the complete interior, thereby
significantly improving spaceambience.Fig. 6 gives a
typ ical example of this typeof luminaire.

4.3 Electr ical Characteristics

4.3.1 The electricalparametersofa luminairedependon
the kindof electrical control gear and its features for safe
fault freeoperation of the lamps.Featuresof components
such ascapacitors,ignitors, etc, have bee ncoveredin
Part 3,Section2 of this code.

ATIO AL LIGHTING CODE
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4.3.2 Other Components

Thereareothercomponentswhich are part andparcelof
the luminaire such as the lampholder,starterholder,
connector,internal wiring, etc. They are alsoequally
importantandpropercare.shouldbetakenwhile selecting
the luminaire.

4.4 ProtectionagainstEnvironmentalConditions

4.4.1 Dampness,rain, hurricanes,winds, hot sun,
vibration, dust and vandalismare just someof the
conditionsthat aluminairemay beexpectedto withstand.
It is necessarythat theluminaireshouldhave therequisite
environmentalprotectionto withstandtheseadverse
conditionsdependingon the atmosphere.

The degreeof ingressprotection (IP) againstdust and
liquid is generallyrepresentedby anIF number. The first
numeralrefers toprotectionagainstsolid particleswhile
the secondnumeralstands forprotectionagainstliquids.

Table I shows how IPvaluesinfluencethe performance
ofluminaires.Thesymbolsto be used forvariousdegrees
ofprotectionareshownin Table 2 and Table 3.

4.5 SafetyRequirements

Safetyrequirementsaregivenin IS 10322 (Part I).

4.6 AppearanceandArchitecturalIntegration

The luminaire is an integral partofthe space. Inadditionto
producinglight, the outwardappearanceofa luminaire may
contribute to the ambience, and thus may be animportant
criterion in selectingthe lighting system. Thelighting
specifiershouldwork with other design teammembersto
understandwhetherthe luminairesshould be:

a) Integratedinto the architecture,for example,
concealedbehindarchitecturalfeaturessuchas
beams,coves,slots, etc;

b) Unobtrusive,for example,recessedinto ceilings,

Table1 IPValuesandPerformanceofLuminaires
(Clause4.4.1)

Application
Area

Required
IP Rating

Performance

IP 65

IP 66

IP 20AC offices/General

Coal Handling Plant

Road lighting

Dust-tight luminaire ensuresprotectionagainst ingressof dust and water jets.

Luminaire shall havesealedlamp compartmentensuringprotectionagainstentry of insects,
not to mention dust andpowerful water jets

Luminaire constructionensuresprotectionagainstaccidentalcontactwith live parts by any:
solid object of

purposelighting 12.5 rom dia or greater, but noprotectionagainstentry of liquid.

NOTE - For road lighting applications IP-43, IP-54 and IP-65canalso be used depending on the categoryof road.However,
for 'fit and forget' maintenancethe conceptof IP-66 is thebetteroption.

Table2 IugressProtection- First Numerals
(Clause4.4.1)

First
characteristic

numeral

Degreeof protection

Brief description Definition

o Non-protected

I Protectedagainst solid foreign objectsof 50 mm Theobject probe, sphere of 50 mm dia shall not
-dia and greater fully penetrate')

2 Protectedagainst solid foreignobjectsof 12.5 mm Theobject probe, sphere of 12.5 mm dia shall not
dia and greater fully penetrate')

3 Protectedagainstsolid foreign objectsof 2.5 mm Theobject probe, sphere of 2.5 mm dia shall not
dia and greater penetrateat all')

4 Protectedagainstsolid foreign objects of 1.0 mm The object probe of 1.0 rom dia shall notpenetrate
dia and greater at all')

5 Dust-protected Ingress of dust is not totally prevented, but dust shall
not penetrate in a quantity to interfere with
satisfactory
operationof the apparatusor to impair safety

6 Dust-tight No ingressof dust

') The full diameterof the object probe shall not pass through an opening of the enclosure.
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wall furnishing or landscapingso that the
luminaire 'disappears';

c) Visible but minimal in appearanceso that
attention is not drawn to the luminaires, for
example, luminaires simple in style, usually with
clean geometric shapes and basic finishes, that

are suspended,surface mounted or pole
mounted; or

d) Noticeable and responsiveto the styleofthe space,
forexample,the luminairestylesupportsthedesign
intent of the spaceby mimicking finishes,
contributingrhythmor scale,orsuggestinga formal
or casual feeling or historical period.

Table3 IngressProtection - SecondNumerals
(Clause4.4.1)

Second
characteristic

numeral Brief description

Degreeof protection

Definition

o
I

2

3

4

5

6

7

8

78

Non-protected

Protectedagainstvertically falling water drops

Protectedagainstvertically falling water drops when

Protectedagainstsprayingwater

Protectedagainstsplashingwater

Protectedagainstwater jets

Protectedagainstpowerful water jets

Protectedagainstthe effects of temporary
immersion in water

Protectedagainstthe effects of continuous
immersion in water

Vertically falling drops shall have noharmful
effects

Vertically falling drops shall have noharmful
effects enclosuretilted up to 15°
when theenclosureis tilted at any angle up
to 15° on either side of the vertical

Water sprayedat an angle up to 60° on either
side of thevertical shall have noharmful effects

Water splashedagainstthe enclosurefrom any
direction shall have noharmful effects

Water projectedin jets againstthe enclosurefrom
any direction shall have noharmful effects

Water projectedin powerful jets againstthe
enclosurefrom any direction shall have no
harmful effects

Ingress of water in quantitiescausingharmful
effects shall not bepossiblewhen theenclosureis
temporarily immersedin·water under standardized
conditionsof pressureand time

Ingress of water in quantitiescausingharmful
effects shall not bepossiblewhen theenclosureis
continuously immersedin water under conditions
which shall be agreed betweenmanufacturerand
user but which are more severe than fornumeral7
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IlluminationEngineeringandLuminairesSectionalCommittee,ET24

FOREWORD

This sectionsets out to providespecificationsfor thestandardconditionsunderwhich photometrictests should be
carriedout andtorecommendtestingprocedures,whichwillgive sufficientlyaccurateandreproducibleresultswhen
determiningandreportingthephotometriccharacteristicsofluminaires.Thesespecificationsareintendedto provide
a basisforuniform nationalstandardsand to giveguidanceto photometriclaboratoriesinthe conductoftests and in
thepresentationof luminaireperformancedata.Thesectionalsogivesspecificationsforthemeasurementofcorrection
factorsapplicableto luminairesoperatedunderpracticaltestconditionsdifferentfrom thestandardtestconditions.

Detaileddescriptionsof photometricmethodsareprimarilyofvaluetolaboratorypersonnelandengineers,butare also
importantto usersofthedata.Properinterpretationofdataoftendependsona fullknowledgeof thetestingprocedures
involved and this section also sets out to providethe user with theinformationneededto understandphotometric
testingproceduresand datapresentation.
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NATIONAL LIGHTING CODE

PART4LUMINAIRES
Section 2Photometry

1 SCOPE
This section of the code covers generalrequirementsfor
the photometryofluminaires,whichare consideredtobe
applicable to mosttypes ofluminaires.

2 TERMINOLOGY

Thefollowing defmitionsoftermsusedinthissectionshall
apply in additionto those given in Part Iofthis code.

2.1 Lumina ire - Apparatuswhichdistributes,filters
ortransformsthe lighttransmittedfromoneor morelamps
and which includes,except the lampsthemselves,all the
parts necessary for supporting, fixing and protectingthe
lamps and, wherenecessary,circuit auxiliaries together
with the means for connecting them to the electricity
supply.

2.2 DesignAttitude(oraLuminaire)-The attitude
inwhichaluminaireis designedto operateas determined
by reference to themanufacturer'sinstructions or to
commonpractice.

2.3 MeasurementAttitude (of a Luminaire)- The
attitude inwhicha luminaireismeasured.

NOTE - If not otherwise indicated, assumed to coincide

with the design attitude.

2.4 LightCentre(oraSource) - Pointusedasorigin
for photometricmeasurementsand calculations.

2.5 PhotometricCentre- The pointinaluminaireor
lamp from which the photometric distance law operates
mostclosely in the directionofmaximumintensity.

2.6 First Axis (of a Luminaire) (also Reference
Axis)- An axis containingthe photometriccentre,used
in photometricmeasurementsas a referencedirection to
correlatethe photometricmeasurementswith the attitude
of theluminaire.

2.7 Second Axis(of a Luminaire)(alsoAuxiliary
Axis) - An axis containing the photometric centre,
perpendicular to the first (reference) axis, linked to the
luminaireandusedtogetherwiththe firstaxis fordefining
the attitude of theluminaire.

2.8 Practical Ballast - A ballast, which is
representativeof the rangeof productionballasts
appropriateto the luminaireand lamp(s)under test.
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2.9 Terms Relatedto MeasuredQuantitiesfor
Luminaires

2.9.1 Luminaire Data perJ 000 lm(ojLamp Flux) -
Photometricdata of a luminaire relative to a total
theoreticalluminousflux of I 0001mfromall the lampsof
the luminaire, when these areoperatedoutside the
luminaireunder reference conditions but with the same
ballast(s). .

2.9.2 Luminous Intensity Distribution (oj a
Luminaire)- Thedistributionofluminousintensitywith
direction. The luminous intensity distribution may be
represented by numerical tables or by graphics and is
usuallyexpressedinunitsofcandelasper I 0001moflamp
flux.

2.9.3 Ballast LumenFactor (BLF) - Ratio of the
luminousfluxemittedbya referencelampwhenoperated
with a practical ballast at the rated voltage of the ballast
to the luminous flux emitted by the same lamp when
operatedwith its referenceballast.

2.9.4 Light Output Ratio(ofa Luminaire) (LOR)- The
ratiooftheluminousfluxof theluminaire,measuredunder
specified practical conditions with its own lamps and
equipment,to thesumof theindividual luminousfluxesof
the same lampswhenoperatedoutsidetheluminaire with
the sameequipmentunderspecifiedconditions.

2.9.5 Light Output Ratio Working{of a Luminaire)
(LORW)- Theratiooftheluminousfluxoftheluminaire,
measuredunderspecifiedpracticalconditionswithitsown
lamps and equipment, to the sumof the individual
luminousfluxesof the samelampswhenoperatedoutside
the luminaire under reference conditions and with a
referenceballast.

2.9.6 Average Luminance- Theluminousintensityper
unit projectedluminousarea in a given direction of a
luminaire.

2.10 Terms Related to Measurements

2.10.1Absolute Measurement- A measurementscale in
the appropriate SI units.

2.10.2 Relative Measurement- A measurementobtained
as a ratiooftwo quantitiesof the sametype expressedin
arbitrary units or ameasurementin SI units relative to
specifiedbarelampflux.

2.10.3 Bare Lamp Measurement- A measurementin
whicha lampisphotometeredseparatelyfromaluminaire
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in order to determine the light output ratioof luminaire
data per I 0001m oflamp flux.

2.10.4 ReferenceConditions (Luminaire) - The
conditions under which photometric measurements on
luminairesare performed.

2.10.5 Reference Conditions (Lamp)- The conditions
under which lamp flux is measured.

2.10.6 ReferenceBallast- Special inductive type ballast
designedfor the purposeof providing a comparison
standardfor use in testing ballasts,for selectionof
reference lamps and for testing regular production lamps
under standardized conditions.

2.11 TermsRelatedto MeasuringInstruments

2.11.1 Photometer- An instrumentfor measuring
photometric quantities.

2.11.2 Goniophotometer- Photometer for measuringthe
directional light distribution characteristicsof sources,
luminaires, media or surfaces.

2.11.3 Photometer Head - The part of the
goniophotometer.comprisingthe photometeritself
(normally a silicon photodiode with colour filters for the
spectral correctionof the detector responsivity). It may
also contain means for the directional evaluationof the
light (for example, diffusing windows, lenses,apertures),
The photometerconvertsthe incident light into an
electrical quantity.

2.11.4 Illuminance Meter - Photometerfor the
measurementof illuminance.

3 PHOTOMETRICCHARACTERISTICS

Photometric characteristics can be divided into measured
characteristics,that is, thosedirectly measuredwith
laboratory instruments, and derived characteristics, that
is, characteristics,which can becalculatedfrom the
measured ones. The derivedcharacteristicsare more
closely related to lighting applications.

4 CO-ORDINATE SYSTEMS FOR THE
PHOTOMElRYOF WMINAIRES

4.1 GeneralAspects

The basic photometric dataof a luminaire consistsof a
set of valuesof the luminous intensity in different
directions,produced by direct photometric measurements.

Measurementsof intensity distribution involve
photometric and angular measurements (the
goniophotometer), under controlled working conditions
of the luminaire(electricaland temperaturemeasurements).
For such photometric measurements involving direction,
it is necessary to define a spatial framework around the
luminaire (the co-ordinate system).
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4.2 BasicGoniopbotometen

For the measurementsofthe luminousintensityin different
directions, the luminaires are mounted in a
goniophotometer to facilitate the positioningat definite
angles.A goniophotometerusually consistsof a
mechanical device for the support and positioningofthe
luminaire or lamp and the photometer head, together with
associated devices for acquiring and processing data.

Basically three types of goniophotometercan be
distinguished:

a) Agoniophotometer, which rotates the luminaire
around two mutuallyperpendicularaxes, the
intersectionof which is the photometric centre
of the goniophotometer.This type of
goniophotometer is normally used with a single
photometerhead positionedat an adequate
distance from the centre;

b) A goniophotometer which rotates the luminaire
around one axis only, the second rotation being
given by a relative movementbetweenthe
luminaire and thephotometerhead around a
secondaxis at right anglesto the first and
crossingit at the photometriccentreof the
goniophotometer;and

".
c) A goniophotometer in which the luminaire does

not move at all. Thephotometerhead rotates
around two mutuallyperpendicularaxes, the
crossingof 'which is the photometric centreof
the goniophotometer.

NOTES
1. In the first type. the burning position of the lamp

changes continuously during measurements, which
restrict the use of this type of goniophotometer.

1. In the secondtype, the burning position of the lamp
is the burning position considering the normal use of
the luminaire even if the luminaire moves in space
or rotates during measurements.

3. The three basic types of goniophotometerlisted
above can be used in a variety ofconfigurations,
each one fitting a particular purpose. Differences lie
in the mounting positionof the goniophotometer
with respect to the ground, in the orientation of the
reference axis with respect to the goniophotometer,
and in the way in which the luminaire is mounted in
the goniophotometcr.

4.3 TbeCo-ordinateSystem

The determinationof the intensity distribution of a
luminaire in space involvesthe useofa co-ordinate system
to define the direction in which the intensity
measurements are made. The system used is a spherical
co-ordinate system with the centre coincident with the
photometric centreofthe luminaire.

From a general pointof view the co-ordinatesystem
consistsofa setofplaneswith a single axisof intersection.
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A directionin space ischaracterizedby two angles:

a) The anglebetweenone half-plane,taken as an
origin, and the half-plane containing the direction
considered;and

b) The anglebetweenthe axisof intersectionand
the direction consideredor the complementof
this angle.

The orientationof this systemwith respectto the first
axis and the second axisof the luminaire is chosenwith
particularregard to the typeofluminaire,the typeoflamp,
the mounting attitudeof theluminaireand itsapplication,
in order to perform more accuratemeasurementsor to
simplify the consequentlighting calculations.

4.4 Systems ofMeasurementPlanes

In general,the luminous intensity of a luminaire is

measuredin a numberof planes.From the variety of
possiblemeasurementplanes,three systemsof planes
haveprovenespeciallyuseful (SeeFig. I to Fig. 3).

5 STANDARD TESTCONDmONS

5.1 TestRoom

5.1.1 Measurement Location

The luminaire shall be measuredin surroundingsso
arranged that thephotometerhead receives only light from
the luminairedirect or withintendedreflection.

5.1.2 Air Movement, Ambient Temperature

Measurementsshall be made in still air free from smoke,
dust and mist. The airtemperaturearoundthe luminaire or
the bare lamp should be 25 ± 2°Cunlessotherwise
specified. For lamps, which are notthermally sensitive,
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largertemperaturetolerancesof ± 5°C may be acceptable.

5.1.3 Test Lamps

The lamps should comply with and bemeasuredaccording
to the relevantIndian standards.If relevantstandards do
not exist, the lamps shouldcomplyascloselyaspossible
with thenominalspecificationsofthe lampmanufacturer.

If the lamp is of a type for which the luminous flux published
in the lampmanufacture'scatalogue relates to an operating
ambienttemperatureother than 25± 2°C, measurements
of the bare lamps are done at 25± 2°C, but atemperature
correctionfactor, suppliedby the lampmanufactureror
determinedby the laboratory, shall beapplied to these
measurementsso as to relate bare lampmeasurements
morecloselyto the lampcataloguedata.

5.1.4 TestBallast

Thebuilt-inballast should be used for testing the luminaire
and the bare lamps.If the ballast is notbuilt-in, theballast

PART 4 LUMINAIRES - SECTION2 PHOTOMETRY

should be of a type approvedby the luminaire
manufacturerand the sameballast shouldbe usedfor
testing theluminaireand the bare lamps.

5.1.5 Test Luminaires

The luminaire should be representativeof the
manufacturer'sregularproduct.

The luminaireshall normallybe mountedin theposition
in which it is designedto operate in service. However, the
measurementattitude, providedthat it is declared, may
differ slightly from this. With publiclighting luminaires,
for example, it is common practice to measure the luminaire
with the exit planeof thecanopyin a horizontalplane.

5.1.6 Test Voltage

The test voltage at the supplyterminalsshall be therated
lamp voltage or the rated circuit voltageappropriateto
theballastin use,if any.
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6 PRACTICAL lEST CONDmONS

6.1 General

As it is virtually impossible to carry out photometry on a
lamp or luminaire without somevariation in ambient
temperature and some movementofair within its vicinity,
tests should be made to ensurethat the laboratory
conditions are satisfactory.

6.2 AmbientTemperature

The mean ambienttemperatureshould equal 25± 2°C
throughout the testof the lamp or luminaire.

6.3 AirMovement

The movement of air around the bare lamp or luminaire
under test may reduce the operating temperature, thereby
altering the light outputof some typesoflamp.Draughts,
air conditioningor the motionof the luminaire in the
measuring equipment may cause such movement of air.
Air movement in the vicinityof the luminaire should not
exceed 0.2 mls.

For lamps for which larger tolerancesfor ambient
temperature are allowed, a faster air movement may be
acceptab.le.
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To ensure that the laboratory conditions are satisfactory,
the tests given in 6.4 shall be made. The tests are primarily
made for themeasurementof low pressuremercury
fluorescent lamps.

6.4 DraughtsandAir Conditioning

A bare lamp mountedon the photometershouldbe
stabilized in the proposed laboratory conditions and the
luminous intensity in a specified direction measured at a
known ambient temperature. The air conditioning plant
should then beswitchedoff, any remainingdraughts
reduced as far as practicable, and the lamp restabilized.

The luminous intensity should then again be measured at
the same ambient temperature. The difference between
the two readings should not exceed 2 percent. A similar
test should be carried out on the luminaire.

These tests should be repeated for a number of different
positions of the lamp or luminaire in the goniophotometer.

7 PREPARATIONOF LAMPS, BALLASTS AND
LUMINAIRES FORlESTS

7.1 Lamps

7.1.1 General Requirementsfor All TypesofLamp

The lamps selected for type testingof luminaires should
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comply with, the relevant Indian Standard.If such
recommendationsdo not exist, the lamps should comply
with the specificationsof the lampmanufacturer.

7.1.1.1 Physical characteristics

The dimensionsof the lamps, inso far as theyare relevant
to the measurements,should be as close as possible to
the nominalvalues.Lampcaps and lampbulbs shouldbe
assembledas closely as possibleon their nominal
alignments.

7.1.1.2 Electrical characteristics

The wattageofthe lamp should be within± 5 percent of
the rated value when tested under reference conditions
according to the relevant Indian Standards.

7.1.1.3 Photometric characteristics

Lamps of stable luminous output are neededfor
photometric purposes. They should be almost constant
in light output for constant supply voltage and repeated
operation.

All lamps should be aged by cyclic operation until the
light output is shown to bestable.Lamps may be
provisionally regarded as stable and suitable for test
purposes if, after thermal stabilization, the differences in
light output betweenthreesuccessive readings, made at
intervalsof 15 minutes,are lessthan 1 percent.After this,
test lamps should be allowed to cool to room ambient
temperature, and should then be relit. When the light
output has become steady, its value should be within 2
percentof the lastof thethreeformerreadings.Suchlamps
maythen be taken as test lamps.Repeatchecks shouldbe
maderegularly.

Lamps for multiple lamp luminaires, if intendedto beof
the same type and wattage, should be matched for light
output withina spread of 3 percent when operated under
the same reference conditions.

7.1.1.4 Operation and handling

During successive bare lampmeasurements,a test lamp
should be operated in a consistent position and with
consistentelectrical connections.To facilitatethis, lamps...
should be suitably marked. As far as possible, lamps
should be inserted in luminaires with consistencyof
electrical connection. The bare lamp should operate in
the attitude inwhich it isrun for the measurementof rated
flux, according to the relevant lamp data sheets given in
the relevant Indian Standard, while the lamp(s) in the
luminaire should operate in the design attitude for the
luminaire.

7.1.1.5 Alignmentoflamp in the luminaire

The light distribution of a luminaire is frequently
dependent upon the alignment of the lamp in relation to
the positionofa filament gap, arc tube support, cap and
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sockettolerances,etc. Care mustbe taken to complywith
the manufacturer's specification.

7.1.1.6 Photometric light centreofthe lamp

For measurementson bare lamps, the positionof the light
centre(photometriccentre)of the lampshould be
determined in accordance with the following criteria.
(seeFig.4).

7.2 SpecificRequirementsofDifferentTypesofLamp

7.2.1 IncandescentTungstenFilament Lamps

7.2.1.1 Physical charactertstics

For lampswitha diffusecoating of the bulb, the diffusing
qualityofthe lampbulb shouldcorrespondto the average
ofthe production. When lampswith clear bulbsareused
in luminairesequippedwithmirrors,thefilamentsmustbe
centered within the limitsspecified if any by the relevant
Indian Standards.

7.2.1.2 Electrical characteristics

During measurementsthe voltage should be held within
0.2 percentofthe test voltage.

7.2.1.3 Photometric characteristics

The luminous flux of incandescent lamps is strongly
dependent on the supply voltage. Care must be taken to
avoid variable resistive contacts and voltage drop in the
leads.Ifpropercurrent with respect to the test voltage is
establishedfor a specific test lamp, the current control of
the lampisrecommended.

It should be noted, however, that since luminous flux is
more sensitive to changes in current than to changes in
voltage, the permissible tolerance for current control is
only half that for voltage control.

The repeatability of successiveluminous flux
measurementsshould be within± 1 percent.

Ageing of lampsshall be one percentofthe rated life (or
1 hour if the rated lifeis shorter than 100 hours) at the
rated voltage.

The burning position shall be vertical, cap up unless
otherwisespecified by the lampmanufacturer.

7.2.1.4 Operation and handling

Bare lamps should be operated only in positions allowed
by themanufacturer.The ambient temperature should be
within the range25± 2°C.Duringmeasurements,itshould
not vary by more than 3°C.

Tungsten halogen lamps should not be moved while hot.
After accidental finger contact, even when cold, these
lampsmustbe cleanedcarefullywith alcoholto eliminate
all grease deposits.

7.2.2 Tubular and Self-BallastedLamps (CFLs)
(including Amalgam Lamps)
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Reflector lamp

I
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I
I

Compact fluorescent lamplncandescent I"mp

Fig. 4 The Photometric Centreof Incandescent, CompactFluorescentand Reflector Lamps

7.2.2.1 Physical characteristics

The diffusing quality of the lamp shouldcorrespondto
the averageof the production.

The lamps should have no apparent endblackeningand
in the central plane normal to the axis, theintensityin any
direction should not differ by more than 3percentfrom
the mean intensity.

7.2.2.2 Electrical characteristics

The test voltage should be the rated circuit voltageof the
luminaire. During measurements the appliedvoltage should
be within ± 0.5percentofthatspecified.

7.2.2.3 Photometric characteristics

The luminous fluxoftubular fluorescent lamps is strongly
dependenton ambient airtemperature,air movementand
lamp position.

Ageing of the lamps shall be for at least 100 hours on a
ballast complyingwith the requirementsof the relevant
Indian Standards, at rated voltage, with anoff period of
10minutes aminimumof8 times every24 hours. Theageing
positionof thelampshall be horizontal.

7.2.2.4 Operation and handling

Bare lamps should be operated in theburningposition as
defined by the lamp manufacturer.

The lamps in the lumina ireshouldbe operatedin the
design attitude for the luminaire. Lamp circuit pins and
ballastconnectionsshould be marked so that the pin and
ballast connectionsremainunchangedthroughoutthe
test.

The ambient temperatureshouldbe 25± 2°C.The airaround
a lamp should be kept as free as possible from draughts.

Single cappedcompactfluorescentlamps: Experience
shows that during normal handling of the lamps an excess
amountof mercury may be distributed in small droplets
within the discharge tube. Stabilizationofsuch lamps may
require up to 15hours in order to move the excess mercury
to the coldest spot in the tube. Once it has passed through
this bum-inperiod, the lamp willnormallyneed only 15
minutes forreestablishingeach time it is relit,provided
that it has been kept in the same position and notsubjected
to shocks and vibration.

For self-ballastedlamps (CFLs), thestabilizationmay
require up to 15 hours.

7.2.3 High Pressure MercuryVapourLamps

7.2.3.1 Physical characteristics

For lamps with aphosphoror diffuse coating, the quality
of the lamp bulb shouldcorrespondto the averageof the
production.

7.2.3.2 Electrical characteristics

The test voltage should be the rated circuit voltage
appropriate to the ballast in use. Duringmeasurements
the voltage should be within± 0.2 percent of that specified.

7.2.3.3 Photometric characteristics

The luminous fluxofhigh pressure mercury vapour lamps
is dependenton the lamp position. The lightdistribution
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ofclearbulb lamps can vary withposition,as aresultofa
displacementOfthe dischargewithin the arc tube.

Ageing shall be for at least 100 hours on a ballast
complyingwith therelevantIndianStandard,at therated
circuit voltage,with off periodsof 30 minutesevery 6
hours. Theageingpositionof the lamp shall bevertical,
cap upunlessotherwisespecifiedby the manufacturer.

7.2.3.4 Operation and handling

Bare lamps willnormallybeoperatedin a vertical position,
cap up. The lamps in theluminaireshouldoperatein the
design attitude for the luminaire. In other operating
conditions,measurementcorrection factors must be
introduced.

The ambienttemperatureshould be within the range
25± 2°e.Duringmeasurement,it should not vary by more
than3°e.

7.2.4 Metal Halide Lamps

7.2.4.1 Physical characteristics

For lampswith a phosphorcoatingthequalityofthe lamp
bulb shouldcorrespondto the averageoftheproduction.

7.2.4.2 Electrical characteristics

The test voltage should be the rated circuit voltage
appropriateto the ballast in use. During measurements
thevoltageshould be within± 0.2 percentofthatspecified.

7.2.4.3 Photometric characteristics

The luminousflux and colourpropertiesofmetal halide
lamps arestronglydependenton the operatingposition,
the immediateprior historyofoperationand the geometry,
that is, the shapeand dimensionsof the lamp.

The ageingperiodshall be for 100 hours at the ratedcircuit
voltage,with off periods000minutesevery6 hours in
the positionto be used for the test on aballastcomplying
with the relevantIndian Standardsif any, or complying
with the manufacturer'sspecifications.

Iflampsarerequiredfor more than oneburningposition,a
different lamp should bepreparedfor each burning position.

If a lamp is used in aburningpositionotherthan the one
in which it was aged, areorientationbum-in period is
requireduntil stableoutput is againachieved.

7.2.4.4 Operation and handling

The barelampsshouldonly be operatedin a position in
which they were burnt-in. The lamps in the luminaire
shouldnormallybeoperatedin jhedesignattitudefor the
luminaire.This mayrequirethe ageingofadifferentlamp
for eachof the differentburningpositionsinvolved.

The ambienttemperatureshould be within the range
25 ± 2°C. Duringmeasurement,it should not vary by more
thanJ'C,
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This type of lamp shouldnot bemovedwhile hot as this
can affect the distribution of metal in the lamp and so
changeits characteristics.After switch-offthe lamp must
cool down for at least 5minutes.

Lampsshouldbestoredin apositionin whichthey will be
operated.Lampsshouldbe markedon the cap toindicate
the operatingposition.

7.2.5 Low PressureSodiumVapourLamps

7.2.5.1 Physical characteristics

Low pressuresodium lamps should have an even
distributionof sodiumglobules.

7.2.5.2 Electrical characteristics

The test voltage should be the rated circuit voltage
appropriateto the ballast in-use. During measurements
the voltageshouldbewithin 0.2 percentofthatspecified.

7.2.5.3 Photometric characteristics

The ageing period shall be for atleast 100 hours on a
ballastcomp lying with therelevantIndianStandardif any,
at the ratedvoltage,with off periodsof30 minutesevery
6 hours.

Theageingpositionofthe lampshallbe horizontal,axes
oftheV-tube usuallyin a verticalplane.

7.2.5.4 Operation and handling

Bare lampsshouldbe operatedin a horizontalposition.
The lamp in the luminaireshouldbeoperatedin the design
attitudefor the luminaire.

Themovementofsodiumlimits the permittedorientation
ofthe lamps inoperation.Lamps with no sodiumretaining
facilities are limited to horizontalburningwithin 5° cap
downand 15° cap up.

Otherlamps can beoperatedwithin 20° of the horizontal
unlessotherwisespecifiedby the manufacturer.

The ambienttemperatureshould be within the range
25 ± 2°e.Duringmeasurement,it shouldnot vary by more
thanJ'C.

Specialcare isneededin handling low pressuresodium
lamps. They shouldnot be movedwhile hot as thiscan
affectthedistributionofmetalin the lamps and sochange
their characteristics.Theyshouldstill behandledgently,
even whencold.

7.2.6 High PressureSodiumVapourLamps

7.2.6.1 Physical characteristics

For lamps with adiffusecoatingof the bulb thediffusing
qualityofthe lamp bulbshouldcorrespondto theaverage
ofthe production.For lamps with aclearbulb, the axisof
the dischargetube should not deviateby more than 3°
from thatof the cap.
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7.2.6.2 Electrical characteristics

The test voltage should be the rated circuit voltage
appropriateto the ballast in use. During measurements
thevoltageshould bewithin± 0.2percentofthatspecified.
Lamp voltageshouldcomplywith therequirementsofthe
relevantIndianStandardsif any.

7.2.6.3 Photometric characteristics

Ambient temperatureaffects lamp operationto a small
extent,but moreseriouseffectsmayoccurin anenclosed
luminaire due to infrared reflections.Measurementson
lamps in theluminairesshould only becarriedout after
arc voltagestabilization.

The ageingperiodshall be at least 100hourson aballast
complyingwith the relevantIndian Standards,if any, or
with the specificationsofthe lampmanufacturer,at rated
circuit voltage withoffperiods000minutes every6 hours.
The ageingpositionof the lamp shall behorizontal.

7.2.6.4 Operation and handling

Bare lampsshouldnormally be operatedin a horizontal
position.The lamp in theluminaireshouldbeoperatedin
the designattitudefor the luminaire.

The ambienttemperatureshould be within the range
25± 2°C.During measurement,it should not vary by more
than3°C.

7.3 TestBatlast

Thetestballastfor the luminairetestshouldbe theballast
incorporated in the luminaire or supplied with it for external
operation.The ballastshould complywith the electrical
requirementsof the relevantIndian Standardsif any, or
with thespecificationofthe lamp manufacturer. Theballast
setting(lamp powerdeliveredunderreferenceconditions)
should be within ± 5 percentof the corresponding
referenceballast and should be representativeof the
productionballast in setting and in power loss. If the
ballastsettingis outsidethese limits, then aballastlumen
factor shouldbe introduced.

NOTE - For the measurementof light output ratio
working (LORW) the ballast for the bare lamp
measurementshould be a reference ballast. The electrical
characteristicsof referenceballastsare given in the
relevant IndianStandardsif any.

7.4 Luminairesfor Test

7.4.1 Selection and Handlingofthe Luminaire

The luminaire selectedshould berepresentativeof the
manufacturer'sregularproduct.Its dimensionsshouldbe
checkedfor compliancewith themanufacturer'sdata.

Attentionshouldbe paid to allfeatureswhich mayaffect
photometricperformance.Optical partsshouldbe clean,
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and all componentsrigidly located in their designed
positions.Adjustablelampholdersshould becorrectlyset
accordingto the manufacturer'sinstructions.

The luminaire should be mountedaccordingto the
manufacturer'sinstructionsso that its alignment is
mechanicallytrue.If specificinstructions are notprovided,
then the planecontainingthe lower edgeofthe luminaire
canopy(or the planecontainingthe reflectoropeningif
this is lower) shouldbe takenas onereferenceand the
longitudinalaxis, determinedfrom theouteredgesofthe
luminaire when viewed in plan, shouldbe taken as the
secondreference.

7.4.2 Photometric Centerofthe Luminaire

The position of the photometriccentreof a luminaire
shouldbe determinedin accordancewith the following
(seefig. 5).

a) Luminaireswith substantiallyopaquesidesshall
be at thecentreofthemain luminaireopening.

b) Luminaireswith diffusing or prismatic sides shall
be at the centreof the solid figureboundedin
outline by the luminous surfaces, but at the light
centreofthe lamp if it is outside this solid figure.

c) Luminaireswith transparentsides orwithoutside
membersshall be at the lightcentreofthe lamp.

For specialtypesof luminaires,however,other criteria
may bespecified.

8 PHOTOMETRICMETHODSAND PRACTICAL
TESf PROCEDURES

8.1 General

8.1.1 Absolute Measurements

Absolute measurementsinvolve measurementsby
instrumentscalibratedin the appropriateSI units. The
goniophotometeritselfmust,thereforebecalibrated.In the
caseof a measurementof luminous intensitydistribution
this can be doneeither by using acalibratedluminous
intensitystandardlamp or by using apreviouslycalibrated
photometerhead tomeasureilluminance andconvertingit
to intensityusingthe photometricdistancelaw.

8.1.2 Relative Measurements

Absolute photometricmeasurementson luminairesare
often unnecessary.Luminaire output is often specified
relative to that of the lamp, both being measuredin
arbitraryunits on the samegoniophotometerwith the lamp
operatedon theluminaireballast,if any.

The resultsof the measurementscan then beexpressed
per I 0001moflampflux.

This methodof expressingresultsas ratios allows all
photometricmeasurementsfrom which they are derived
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to be made in arbitrary units. Provided that the same
measuringinstrumentis used tomeasurethe output of
both theluminaireand the bare lamp, the scalefactor of
the instrumentwill cancel out, as will many of the
measuringerrors.

8.2 PhotometricMeasurementson Luminaires

8.2.1 Principal Photometric Measurements

8.2.1.1 Lightoutputratio (LOR)

This requiresmeasurementsof the luminousflux of the
luminaireandofthe bare lamp and may bedeterminedin a
photometric integrator or may be derived from
measurementsof intensity distribution made on a
goniophotometer.

8.2.1.2 Intensitydistribution (relative)

Measurementshall be on agoniophotometerand does
. not requiremeasurementof the bare lamp.

8.2.1.3 Intensity distribution (in cd)

This shall be as given in8.2.1.2,but requiresa calibrated
goniophotometer.Resultsare expressedin candelas.

8.2.1.4 Intensity distribution (in cd per 1 000 lmoflamp
flux)

This shall be measuredon a goniophotometer(not
necessarilycalibrated),but alsorequiresmeasurementof
the barelamp(s).

8.2.1.5 Luminaire luminance (in cd per meter square
or cd per meter squareper J 000 lmoflampflux)

Luminancemay bemeasuredor may becalculatedfrom
intensity and projected luminous area in the specified
direction.

8.2.1.6 Illuminance distribution (in lx or Ix per 1 000
lm oflampflux)

The measurementofillumiriancedistributionis taken on a
planeor aseriesof planes.

8.2.2 SubsidiaryMeasurements

8.2.2.1 Measurement correction factors

Factors for correcting measurementsmade in non-
standardconditionsin order to relatethe measurements
to the standardtest conditions.

8.2.2.2 Service correction factors

Factors for modifying standarddata to non-standard
serviceconditions.

8.2.2.3 Ballast lumenfactor

This factor is usually requiredto take intoaccountthe
influenceofthespecificballastssuppliedwith luminaires.
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It may bedeterminedwith any of the apparatusused for
the principalphotometricmeasurements.

8.3 DerivedValues

Other photometriccharacteristicsof luminairesmay be
derivedfrom the principal and subsidiarymeasurements.
In particular,zonal fluxvaluesmay bederivedfrom either
absoluteor relative intensity distributions.

Isocandeladataor isolux datain standardconfigurations
are derivedvalueswhich are alsowidely used.

9 GENERAL MEASUREMENTREQUlREMENTS

Luminairesand lampsshouldbe photometeredunder the
standardmeasurementconditions.Measurementsshould
not begin until the luminaire or lamp hasstabilized
photometrically.The measuringinstrumentsshouldalso
have stabilized before use. Check measurements(for
example,of intensity)shouldbe made atregularintervals
(for example, every 5 minutes). The criterion for
photometricstabilizationis that the changeof intensity
over a 15 minuteperiod is less than Ipercent.

Before readings are taken, checks should be made for stray
light and the zeroreadingcheckedwith the photometer
head covered. During a measurementand for any
precedingperiod that may affect results,supplyvoltage
and ambienttemperatureshouldbecloselycontrolled.If
reactivecircuits are being operatedon an ac supply, a
check should also be madeofthe supply frequency. During
an extendedmeasurement(for example, with a
goniophotometer),regular checksshould be made that
stabilizationis maintained.

At the endof the measurements(and regularly during a
long seriesof measurements)a returnshouldbe made to
the initial position to checkthat the initial photometric
reading is maintained within± 1 percent. This kindofcheck
is extremelyimportant.

10 LUMINOUS INTENSITY DISTRIBUTION
MEASUREMENTS

In the photometryof luminaires,a goniophotometeris
principallyused tomeasurethe intensityofa luminairein
selecteddirections.The measurementsmay be used to
derive photometriccharacteristicsor may betransformed
for publication in graphical form, such aspolar curves.
Curvesmay berelative(that is, scaled inarbitraryunits)
or may beexpressedin cd per 1 0001mof lamp flux.

A goniophotometermay also be used tomeasurethe light
outputratio ofa luminaire.This requiresmeasurementof
both the bare lamp and theluminaire in the same units.

A goniophotometermay also be used to determine
photometriccorrectionfactorsand tomeasureluminaire
luminance.
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11 CONSTRUCTION

In the design of a goniophotorneter,the principal
objectives are to achieve an adequate optical path length
in thespace available and to maintain luminaires in their
designed attitudes.

A goniophotometer should be capable of supporting the
luminaire rigidly and the largest luminaire that the
goniophotometeris designedto measure should be
completelyvisiblefromeverypointofthe sensitivesurface
ofthephotometer head at all directions of measurements.
In many gonlophotometers, part of the luminaire support
structure may cause obstruction to the light path. This
obstruction should be minimized.

The constructionmust provide an accurateangular
measurement of the luminaire position relative to the
photometerhead.The measuredpositionshouldbe correct
within± 0.5 percent. More severerequirementsmayapply
dependingon the light intensity distribution of the
luminairesfor example, forfloodlights.Anymirrorused in
the construction of the goniophotometershould be rigidly
supportedandremainflat inallnormalpositionsof rotation.

12 SCREENINGAGAINST STRAY LIGHT

Stray light is any light that reaches the photometer head
other than directly from the source to be measured, due to
reflections or to the presence of other light sources. The
following steps should be taken to keep it to aminimum.

The photometer head should be screened so that as far as
possible it sees only the luminaireand, whereappropriate,
the lower surface of the mounting board. Where a mirror
is used, the photometer head should be screened so that
it can see only the image of the luminaire and does not
receive light directly from any part of the luminaire itself.

All surfaces that the photometer head sees should be
finished matt black, including the bevelled edgesof
mirrors. It should be noted that manyso-called matt black
paints have a luminance factor, which can be as high as 4
percent near the normal to the surface and even higher at
glancing angles of incidence. Screens should be arranged
so that stray light from the luminaire can reach the
photometerheadonly after twoor morereflections.Where
this is not possible, surfaces should be covered with black
velvet, black carpet, etc. Any surface such as the edges
of screens, which are parallel with the photometer head
and luminaire axis, should be grooved, angled or
chamfered to a sharp edge to minimize reflections onto
the photometer head.

All that part of the background to the luminaire, which
might be viewed by the photometer head, should be matt
black.Thisincludesthe floorandtheceiling.Theremainder
of the room can be of a lighter colour, provided that
precautions have been taken to eliminate the stray light.
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Stray lightthat cannot be eliminated should be subtracted
fromthe readingstaking into accountthe variationof stray
light with the luminaire position.

13 TEST DISTANCE (FOR MEASUREMENTS
BASED ON THE PHOTOMETRICDISTANCE LAW)

The photometric test distance is the distance from the
photometric center of the luminaire to the surface of the
photometer head.

Measurementsof intensity should be made at a distance
such that the inverse square law applies within practical
limits. In general, the test distance should not be less
than 15timesthe maximumdimensionof the lightemitting
area of the luminaire. However, for luminaires with an
approximatelycosine distribution in planes passing
through the long axis of the luminaire, the minimum test
distance can be determined as 15 times the dimension of
the light emitting area normal to the lamp axis or 5 times
the dimension of the light emitting area parallel to the
lamp axis. The minimum test distance to be used should
be the greaterof these two distances.

It should be noted that in certain cases, for example,
luminaireswith a very narrow beam, even a test distance
ratio of fifteen might not be sufficient.

14 MEASUREMENT OF LUMINAIRES

14.1 Mounting

Theluminaireshould be mountedon the goniophotometer
in its design attitude. Its photometric centre should be
coincident with the effective centre of rotationof the
goniophotometer. Its orientation should be correct with
respect to the azimuth scale of the goniophotometer and
to the azimuth referenceofthe luminaire.

14.2 Measurement

Unless otherwise specified, the C, Gamma co-ordinate
system(see 4.4 and Fig. 3) shall apply. The number of
readings of intensity in various vertical planes and the
angular spacing between measurement points should be
such as to permit interpolating intensity values during
lightcalculationswithan acceptableaccuracy.The number
of planes should be determined by the nature of the
distributionhaving regard to symmetryor irregularityand
to the endresultsdesired from thetest, notably the
required accuracy of subsequent lighting calculations.

The luminaire should move smoothly, without rocking,
and, in the caseof luminaires using thermally sensitive
lamps, sufficiently slowly to minimize disturbance to the
thermal equilibrium of the luminaire. The velocity of the
ambient air of the rotating fluorescent lamps in an open
luminaireshould not exceed 0.2m/s.
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Light outputcharacteristicsoflamps,in particulardischarge
lamps, may change significantly when the lamps are operated
in other than normal operatingposition. Measurement
correctionfactors should beapplied.

Due to minor variations in optical components,
luminairesdesignedto providesymmetrical distribution
should always be measuredin the two half-planesof
symmetry.

15 MEASUREMENT OF BARE LAMPS

15.1 Mounting

The barelamp shouldbe mountedin the orientationfor
which it was designedand to which the lampphotometric
datarelate.

Lampsof the type designedfor universalmountingcan
be mounted in any position provided that the lamp
photometricdataavailablerelatesto thepositionchosen,
which should, preferably, be the sameposition as the
operatingposition in the luminaire. In such casesthe
orientationof the lamp during measurementshould be
specifiedin the testreport.

The light centre(photometriccentre)of the lampshould
be at the effective centre of rotation of the
goniophotometer.

The lamp should be correctlyaligned. Some lamps, for
example,lamps fitted with bayonetcaps,may requirea
modified lampholderto provideasufficientlyrigid support.

15.2 IntensityMeasurement

Intensitymeasurementsofbare lamps are made tocalibrate
the photometerheador to calculatethe luminousflux of
the barelamp.

Intensity measurementsof the bare lamp shouldpreferably
be madejust prior to, or immediatelyafterthose measurements
ofthe luminaire.Measurementsof intensity should be made
in the same units as for thoseof the luminaire.

16 MULTILAMP LUMINAIRES

In caseof a multilamp luminaire, it will be necessaryto
repeatthe measurementfor each lampseparately(where
relevant,each on itsappropriateballast).All lamps that
operatefrom a singleballastshouldbe operatingduring
measurementin the sameambienttemperatureconditions.

17 SOURCESOF ERROR

There can be twotypes of error; error arising from a
systemiceffect and randomerror. Systemicerrors are
inherent in the test methodsused or causedby
imperfectionin the instruments.Randomerrorsare due to
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variations in test conditionsoutsidethe photometrist's
control. It is therandomerrors,which affectrepeatability.

Repeatabilityand thus theeffectof randomerrorscan be
checkedby simply repeatingmeasurementson the same
luminaire. Systemicerrors,on the otherhand are much
less easily quantified. If they could be quantified, they
wouldbeeliminated,sincethe resultswould becorrected
for them. The only kind of checkavailableon systemic
errors is likely to be a comparisonwith similar
measurementsmadeon thesameluminaireelsewhere.

17.1 PossibleSystemicErrors

17.1.1 Possiblesystemicerrorsmay be due toanyone
or moreofthefollowing reasons:

a) Room:

i) Measurementof temperature;

ii) Stray light; and

iii) Obstructionof light.

b) Goniophotometer:

i) Mechanical alignment and mechanical
deformation;

ii) Stray light and obstructionof light;

iii) Measurementof angles;

iv) Burning position of luminaire and
movement;

v) Mirror defects;generalnonflatness(for
example,due to sag), localnonflatness(for
example,due to ripples in the glass), light
scatteringdue to scratches,variation of
reflectancewith wavelength,variation of
reflectance over the surface,polarization;and

vi) Variation of reflectionpropertiesof mirror
due to dust.

c) Photometerhead andassociatedequipment:

o Calibration;

ii) Nonlinearityand fatigue;

iii) Spectralresponsibility;

iv) Variation of responsibility over the
measuringsurface;

v) Angularapertureof collimatedphotometer
heads;

vi) Misalignment and measurementof
distance;

vii) Distancetoo short;

viii) Time responseand integrationtime; and

ix) Vignetting.
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d) Luminaire:

i) Incorrectpositioningof lamp;

ii) Incorrect positioning of optical
components;

iii) Choiceof photometriccentre;

iv) M isalignmentofthe luminaire in th-e
goniophotometer;and

v) Mechanicaldeformationof the luminaire
duringmovement.

e) Lamp andauxiliaryapparatus:

i) Electricalsettingof the ballast;

ii) Luminousflux measurement;and

iii) Incorrectsupply voltage.

17.2 PossibleRandomErrors

Possiblerandomerrorsmay be due toanyoneor moreof
the following reasons:

a) Variation of voltage or frequencyof power
supply;

b) Instabilityoflamp;

c) Variation of lamp characteristicsbetween
different burning periods;

d) Temperaturevariationand airmovementdue to
movementof the luminaire;and

e) Effect of draughtsdue to airconditioning.

18 UNCERTAINTV IN MEASUREMENT

Uncertaintyin measurement,which can beevaluatedby
the statistical analysisof a seriesof observations,is
known as type A uncertainty.Uncertaintyin measurement
that cannotbe evaluatedin this way is known as type B
uncertainty.

19 PRESENTATION OF TEST RESULT

The testreportshouldprovideall the useful information
necessaryto permitproperinterpretationof photometric
data andconsequentlighting calculations.

The purposeof the informationprovidedshouldbe:

a) Tocorrectlyinform the userof the dataas to the
natureofthevariouscontrolledconditionsunder
which the luminairewasmeasured.

b) To give sufficient information to relate the
photometricdata to the particular luminaire
tested.

20 TESTREPORT

Listed below, as aguide is the informationwhich should
be included in a test report covering photometric
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measurementsofaIuminaire.

a) Generalinformation

b) Type of test:

i) Descriptive'title to indicate"what is being
reported;and

ii) Testing agencyname, report numberand
date.

c) Descriptionofthe luminaire:

i) Manufacturer'sname, type, catalogue
number;

ii) Photographfor identification or detailed
descriptionof the luminaire including a
descriptionof the optical componentssuch
asrefractors,reflectors,etc,especiallyifthe
luminaireis availablein severalversions;

iii) Relevantdimensions;and

iv) Other essentialinformation, including the
methodof sampleselection.

d) Descriptionof auxiliary equipment(ballast,
capacitors,starters,etc):

i) Manufacturer'sname, type, catalogue
number;

ii) Type ofcircuit; and

iii) Ratedvoltage,wattageand frequency.

e) Descriptionof test lamps:

i) Manufacturer'sname, type, catalogue
number;

ii) Ratedwattage,colour,and bulbshape,type
of lamp cap; and

iii) Numberof lamps and howselected.

f) Test procedure:

i) Short description of the photometric
procedureand equipmentused;and

ti) Test distance.

g) Test conditions:

i) Referenceto standardconditionsofrelevant
IndianStandards,if any, or tospecificservice
conditions: any relevant measurement
correctionfactorsshouldbe appliedbefore
reporting;

ii) Alignment of lamp (dischargetube or
filament for lamps with clearbulbs) in the
luminaire;

iii) Attitude of mountedluminaire,angleof tilt
for measurement;

iv) Referencecentreof the luminaire for the
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measurementsand relative position of the
luminaireto thecoordinatesystem;

v) Test voltageand frequency;

vi) Uncertainities;and

h) PhotometricData

The photometricdataprovidedin the testreport

. 'I

~ 6

relates to aparticularluminaire,but itspurpose
is to provide the basis for furthercalculations,
for example,for the designof practicallighting
installations.The information may include
luminous fluxvaluesfor the bare lamp(s), light
output ratios, light intensity distributions,
luminancefigures, etc.

l,
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Illumination Engineeringand LuminairesSectionalCommittee,ET 24

FOREWORD

The purposeof industrial lighting is to 'provideenergyefficient illumination and toenhancevisibility andproductivity
within a pleasantand safeenvironment.

Industryencompassesseeingtasks,operatingconditionsand economic considerationsof a wide range.Visual tasks
may beextremelysmall or very large;darkor light; opaque,transparentor translucent;on specularor diffusesurfaces
and mayinvolve flat or contouredshapes.Lighting must besuitablefor adequatevisibility in developingraw materials
into finished products.Physicalhazardsexist in manufacturingprocessesand therefore,lighting contributesto the
safetyfactor in preventingaccidents.The speedof operationsmay be such as toallow only minimum time for visual
perceptionand, therefore,lighting must be acompensatingfactor to increasethe speedof seeing.

The designof a lighting systemand selectionof equipmentmay beinfluencedby manyeconomicand energyrelated
factors. Economicdecisionsin regardto the lighting systemshouldnot only be basedon the initial andoperating
costsof the lighting, but also on therelationshipof lighting coststo other plant facilities and costsof labour. The
lighting systemshouldbe apart of an overall plannedenvironment.

Taking into considerationthe increasingindustrialactivities in India, a largenumberofpeoplehave towork on tasks
and processesof increasingintricacyand detail with working hoursextendinginto the night, thereis a need for well
plannedand efficient industrial lighting which could createeasierseeingconditionsand anagreeableatmosphere.

The following Indian Standardsare necessaryadjunctsto this section.

IS No. Title

2440:1975 Guidefor daylightingofbuildings(SecondRevision)

3646(part 1):1992 Codeofpractice forinterior illumination: Part 1Generalrequirements
and recommendationsfor working interiors(First Revision)

Codeofpracticefor interior illumination: Part 2Schedulefor values
of illuminationand glare index.

Classificationofhazardousareas(otherthan mines) havingflammable
gasesand vapoursfor electrical installations(SecondRevision)

Codeof practicefor daylightingof factory building

Luminaires:Part 1Generalrequirements
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NATIONAL LIGHTING CODE

PART5INTERIORILLUMINATION
Section 1IndustrialLighting

1 SCOPE

This sectionofthe codecoversthe principlesandpractice
governinggood lighting for various industrial premises.
It recommendsthe levels of illumination and quality
requirementsto beachievedby the generalprinciplesof
lighting.

2 TERMINOLOGY

For the purposeof this sectionthe definitionsgiven in
Part I of this codeand thosegiven in IS l885(Part16/
Sec I) shall apply.

3 FACTORSOF GOOD INDUSTRIAL UGHTNG

3.1 Good industrial lighting shouldtake intoaccount:

a) adequatequantityof illumination; and

b) goodqualityof illumination.

3.1.1 QuantityofIllumination

The desirablequantity of light (illuminance) for an
installationdependsprimarily uponthe seeingtask, and
the importanceof speedand accuracyin performingthe
task.

Illuminancerecommendationsfor industrial tasks are given
in Table 2. In addition, in several instancesindustry
representativeshave establishedtables of single
illuminancevalueswhich, in theiropinion,can be used in
preferenceto employingTable 2.However, illuminance
valuesfor specificoperationscan also bedeterminedusing
illuminancecategoriesofsimilartasks andactivitiesfound
in Table 2 and theapplicationoftheappropriateweighting
factors. In eithercase, thevaluesgivenareconsideredto
be targetmaintainedilluminance.

3.1.1.1 To ensurethat a given illuminance will be
maintained,it is necessaryto designa systemto,initially
give more light than thetargetvalue. In locationswhere
dirt will collect very rapidly on luminaire surfacesand
whereadequatemaintenanceis not provided,the initial
valueshouldbe evenhigher.

Wheretasksrequireworkersto wearprotectivedevices
with tinted lensesthat reducethe light reachingthe eye,
the illuminancefor individual tasksshouldbe increased
accordingly.

3.1.1.2 The utilization goal of a lighting systemis to
provide for optimal performanceof a given task. The
startingpointwill be the determinationofthe relationship
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betweenillumination and performance,but the final
recommendationhas to take into considerationother
factors suchas avoidanceof fatigue, physiologicaland
psychologicaleffects,economics,etc. Desirablecriteria
for determiningthe quantityof illumination are:

a) adequacyfor preventing occupationaleyestrain
and the risk of accidentalinjury due to bad
visibil ity;

b) adequacyfor creatingan agreeableluminous
environment;and

c) adequacyfor different satisfactorylevels of
visual performance,each standardbeing
applicableto a particularrangeof visual tasks.

3.1.1.3 A generallighting systemshouldbe designedto
provideauniformdistributionoflight over the entire work
area.Wherework areasare closeto walls, such aswork
benches,the first row of luminaires should be located
closerto the wall oradditionallighting shouldbeprovided
over theparticularwork spaceto compensatefor loss or
absorptionof light due to the wallreflectance.

3.1.1.4 While designing lighting requirementshigher
initial values shall be provided to compensatefor the
absorptionof the light.

3.1.2 Quality ofIllumination

3.1.2.1 Qualityof illuminationpertainsto thedistribution
of luminancein the visualenvironment.Theterm is used
in a positive senseand implies that all luminances
contribute favourably to visual performance,visual
comfort, easeof seeing,'safetyand aestheticsfor the
specificvisual task involved. Glare,diffusion, direction,
uniformity, colour, luminanceand luminanceratios all
have asignificant effect on visibility and theability to
see easily,accuratelyand quickly. Certainseeingtasks,
such asdiscernmentof fine details, require much more
careful analysisand higher quality illumination than
others.Areas where the seeingtasks are severeand
performedover longperiodsoftime requiremuch higher
quality thanwhereseeingtasksarecasualor of relatively
shortduration.

Industrial installationsof very poor quality are easily
recognizedasuncomfortableand arepossiblyhazardous.
Unfortunately, moderatedeficienciesare not readily
detected,althoughthe cumulativeeffectof evenslightly
glaring conditionscan result in material loss of seeing
efficiency and unduefatigue.
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3.1.2.2 Direct glare

To reducedirect glare in industrialareas,the fOllowing
stepsshouldbe taken: -

a) Decreasethe luminanceof light sourcesor
luminairesor both;

b) Reducethe areaof high luminancecausingthe
glare condition;

c) Increasethe anglebetweenthe glaresourceand
the lineof vision; and

d) Increasethe luminanceof the areasurrounding
the glaresourceand againstwhich it is seen.

There is such a wide divergenceof tasks and
environmentalconditionsin industrythat it may not be
economicallyfeasibleto recommenda degreeofquality
which will satisfy all cases. The luminance control required
dependson the task, lengthof time in which the task is
performed,and themountingheightofthe luminaires.In
productionareas,luminaireswithin the normal field of
view shouldbe shieldedto at least25 degreesfrom the
horizontal, preferablyto 45degrees.

Whenglareis causedby thesourceof lighting within the
field ofview, whetherdaylightor electric,it is described
asdirectglare.Recommendedmaximumluminance ratios
aregivenin the following table:

Environmental A B C
Classification

Between tasks and adjacent 3 to 1 3 to 1 5 to I
darker surroundings

Between tasks and adjacent I to 3 1 to 3 I to 5
lighter surroundings

Between tasks and more 10 to I 20 to I
remote darker surfaces

Between tasks and more 1 to 10 1 to 20
remote lighter surfaces

Between luminaires 20 to 1
(or windows, skylights, etct
and surfaces adjacent to them

Anywherewithin normal 40 to 1
field of view

Classificationsare:

A - Interior areaswhere-reflectanceofthe entire space
can becontrolledin line with recommendationsfor
optimumseeingconditions; -,

a- Areas wherereflectanceofthe immediatework
areacan becontrolled but control of the remote
surroundingis limited; and

C - Areas (indoor and outdoor) whereit is completely
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impracticalto controI reflectanceanddifficult to.alter
environmentalconditions..

Luminanceratio control is possiblethrough increasing
the areasof high luminanceof light sourcesand/or

. luminaires,the angle.betweenthe sourceofglare and the
line ofvision, and theluminanceofthe areasurrounding
the sourceof glare againstwhich it is seen.

Unshadedfactorywindowsare frequentcausesof direct
glare. They may permit direct view of the sun,bright
portionsof the sky orbright adjacentbuildings, These
often constitutelarge areasofveryhigh luminancein the
normal fieldofview. .

Luminairesthatare toobright for their environmentwill
produceglare;discomfortglare ordisabilityglare, or both.
The formerproducesvisualdiscomfortwithoutnecessarily
interferingwith visualperformanceor visibility. Disability
glarereducesbothvisibility and visualperformanceand
is often accompaniedby visual discomfort.To reduce
direct glare, luminairesshould be mountedas far .as
possibleabovethe normal line of sight. Theyshouldbe
designedto limit boththe luminanceand thequantityof
light emitted in the 45 to 85degreezonebecausesuch
light, likely to be well within the fieldofview,may interfere
with vision. This precautionincludes the use of
supplementarylighting equipment.

3.1.2.3 Luminance and luminance ratios

a) Ratios

The ability to see detail dependsupon the
contrastbetweenthe detail and itsbackground.
The greaterthe contrast,that is, difference in
luminance,the more readily the seeingtask is
performed.However, the eyesfunction most
comfortably and more efficiently whenthe
luminanceswithin the remainderof the
environmentare relatively uniform.Therefore,all
luminances in the fieldofview should be carefully
controlled. The recommendedprocedurefor
planningbrightnesspatternandcontrollingglare
isdetailedin IS 3646(Part1) and IS3646(Part2);

b) To achieve the recommendedluminance
relationships,it is necessaryto selectthe
reflectancesof all finishes of the roomsurfaces
andequipmentas well ascontrolthe luminance
distribution. The recommendedreflectance
values for industrial interiors and equipment
are given in Table 1. Reflectanceshould be'
maintainedas near aspracticalto recommended
values;
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In many industriesmachinesare paintedsuch
that they presenta completelyharmonious
environmentfrom the standpointof colour. It
appearsdesirableto paint stationaryand
moving parts of machineswith contrasting
colours to reduceaccidenthazardby aiding
identification; and

c) Highreflectancesurfacesaregenerallydesirable
to provide the recommendedluminance
relationshipsandhighutilizationof light. They
also improvethe appearanceof the work space.
It is also desirablethat the backgroundis
slightly darkerthanthe seeingtask.

It is necessaryto selectthe reflectanceof all
the finishesofthe roomsurfacesandequipment
as well as control the luminancedistribution
of the lighting equipment.

d) ReflectedGlare

Reflectedglare is causedby the reflection of
high luminance light sourcesfrom shiny
surfaces.In manufacturingprocessesthis may
be aparticularlyseriousproblemwherecritical
seeingis involvedwith highly polishedsurfaces
such as polishedsheetmetal, vernier scales,
andcritically machinedmetalsurfaces.

Reflectedglarecan beminimizedor eliminated
by using light sourcesof low luminanceor by
orienting the work so that reflectionsare not
directed in the normal line of vision.
Supplementarylighting is a solution to such
problems.Oftenit is desirableto usereflections
from a large-area,low-luminanceluminaire
locatedover the work. In specialcases it may
bepracticalto reducethespecularreflection(and
the resultantreflectedglare) by changingthe
specularcharacterof the offendingsurface.

3.1.2.4 Distribution, diffusion and shadows

Uniform horizontalilluminance(where themaximumand
minimumlevel is not more than one sixthaboveor below

Reflectancepercent

the averagelevel ofthearea) isfrequentlyappropriatefor
specificindustrialinteriorswheretasks arecloselyspaced
and where there are similar tasksrequiring the same
amountof light. In such instances,uniformity permits
flexibility of functionsand equipmentand assures more
uniformluminances. Alternate areasofextreme'luminance
differencesare undesirablebecauseit tires the eyes to
adjust to them.'

Maintaininguniformity betweencontiguousareaswhich
have significantly different visibility (and illumination)
requirementsmightbewastefulof energy; forexample,a.
storage areaadjacentto amachineshop. In suchinstances,
it is prudentto designand apply non uniform lighting
betweenthose areas.It may be accomplishedby using
luminairesof different wattageand/orby adjustingthe
numberofluminairesper unit area. Local lighting restricted
to a small work areais unsatisfactoryunlessthere is
sufficientgeneralillumination.

Harsh shadowsshouldbe avoided,but someshadow
effect may bedesirableto accentuatethe depthand form
of objects. There are a fewspecific visual tasks where
clearly defined shadowsimprove visibility and such
effects shouldbe providedby supplementarylighting
equipmentarrangedfor the particulartask.

3.1.2.5 Colour qualityof light

For generalseeingtasks inindustrialareas, thereappears
to be noeffectuponvisualacuityby variationsin colour
oflight. However,wherecolourdiscriminationandcolour
matchingare a partof the work process,the light source
selectedshould have the desiredcolour rendering
properties.

Colour, of course,has an effectuponthe appearanceof
the work space and upon thecomplexionsof personnel.
Therefore,the selectionof the lighting systemand the
decorativeschemeshould becarefully coordinated.

3.1.2.6 Veiling reflections

Where seeingtask details arespecular,care shouldbe
takento minimizeveiling reflectionswhichwill decrease
task visibility.

3.1.2.7 Brightness consideration

The eye adaptsitself to the prevailingbrightnessof the
surroundings.The apparentbrightnessof the various.
surfacesor objectswill dependon this adaptationlevel.
For instance,when a room interior is seenthrough an
opendoor from outside withbrightdaylight,it will appear
gloomy. But on enteringthe room, after the eye has
adapted,things will appearbrighter. When a room is lit
by daylight the eye has a fairly highadaptationlevel due
to the bright sky seenthrough the window opening.
Therefore,the partsofthe roomremotefrom thewindows
will appeargloomyevenif the illumination in these parts

80 to 90

40 to 60

25 to 45

Not less than 20

Table1 ReflectanceValues
[Clause3.1.2.3a)]

Ceiling

Walls

Desks andbenchtops,
machinesand equipment

Floors

Surfaces
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is of the order normallyrecommendedfor this type of
visualtask.It is, therefore,necessaryto brightenup these
parts if a proper balance of brightness is to be restored
whichwill create a comfortablevisualenvironment.This
second consideration is at least as important as the flrst
while determining the amount of light to be supplied by
thesupplementarylighting system. Thisrequirementin
some casesmay result in having higher levels of
illumination than required for the particular visual task
involved.

Duringthe night time since the entire area isilluminated
to a levelrecommendedfor the satisfactoryperformance
of the task carried out in the work area concerned, no
additional problem of balance of brightness isinvolved,
provided the general requirement ofavoidance-of high
brightness contrast by having suitablyfinished.surfaces
in the room is satisfied.

4 GENERAL CONSIDERATIONSOF DESIGN FOR
UGHTING INDUSTRIAL AREAS

4..1 The designerof an industrial lighting system
should consider thefollowing factors as the first and all
importantrequirementsof good planning: .

a) Determinethequantityandqualityofillumination
desirablefor the manufacturingprocesses
involved;

b) Select lightingequipment that will provide the
quantityand quality requirementsbyexamining
photometriccharacteristics,and mechanical
performancethatwillmeetinstallation,operating
and actualmaintenanceconditions;

c) Select and arrange equipment so that it will be
easy and practical to maintain;and

d) Balance all of the energy management
considerations and economic factors including
initial, operating andmaintenancecosts, versus
the quantity and quality requirementsfor
optimumvisualperformance.The choice of the
electric distribution system may affect overall
economics.

4.2 Light Sourcesin IndustrialLighting

4.2.1 Forindustriallightingthesourcesof lightgenerally
available in the countryat presentare tubularfluorescent
lamps,highpressuremercuryvapour(HPMV) lamps,high
pressuresodiumvapour (HPSV) lamps and metal halide
lamps.The selectionof anyoneofthese or acombination
of these depends on:

a) Typeof application;

b) Atmospheric conditions of industrial interiors
and/orexteriors;

c) Structuralfeatures;
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d) Initialoutlay;

e) Running cost; and

f) Ease ofmaintenance.

4.2.2 Apart from these, the following factors such as
luminous efficacy, lamp luminance,lamp life, .lumen
depreciation,colour temperature,colour rendering
properties andeas~ of optical control, playa very vital
role inthe choiceof lightsources.All theseaspectsshould
be carefully considered while designing an industrial

. lightingscheme.

4.2.3 It mayalso be added here as a broad guidelinethat
for low and medium height ceilings inindustry,tubular
fluorescent lamps are used for general uniform lighting
whereasforhighbays it isdesiredfromlightingtechnique,
economicand maintenanceconsiderationsto use HPMV
or HPSV lamps or a combinationofHPMV, HfSV, and
metalhalidelamps.Applicationof tungstenfilamentlamps
is Iirriited according to modern lightingpractice,.tolocal
lightingand in certain cases also for colour appreciation
and in case of infrequent use for short durations,

4.2.4 In spite of very low initial outlay due to P90r
efficacy, short life and eventual frequent replacement,
tungsten.filament lampsare not employedfor the general
lightingof industries.Tubular fluorescentlamps,HP~
lamps, HPSV lamps and metal halide lamps for general
lighting have to be selected after considering the above
noted aspects.

4.3 Luminairesfor IndustrialLighting

The mannerinwhichthe lightfromthe lampsiscontrolled
by theluminairegoverns to a large extent the important'
effectsof glare, shadows, distribution and diffusion.
Luminairesare classified in accordance with the way in
which they controlthe·light.

Most industrial applications call for either the direct or
semi-directtypes,Luminaireswith upward components
of lightare.preferredfor mostareasbecauseanilluminated
ceiling or upperstructurereduces luminance ratios
betweenluminairesandthe.background.Theupwardlight
reducesthe'dungeon'effectof totallydirect lightingand
createsamorecomfortableandmorecheerfulenvironment.
Industrial luminaires for fluorescent,high intensity
dischargeand incandescentfilament lamps are available
withupwardcomponents.Goodenvironmentalluminance
relationshipscanalso oftenbe achievedwithtotallydirect
lightingif their illuminanceand roomsurfacereflectance
are high.

Inselectingindustrialluminaires,itwillbenotedthaiother
factors leadingto morecomfortableinstallationsinclude:

a) Light coloured finishes on the outsideof
luminairesreducingluminanceratiosbetweenthe.
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outsideof theluminaireand the innerreflecting
surface and lightsource;'

b) Highermountingheightsto raiseluminairesout
ofthe normalfieldof view;

c) 'Bettershieldingof the light source by deeper
reflectors,,cross baffles or louvres. This is
particularly important with high wattage
incandescentfilamentorhighintensitydischarge
sourcesandthe higheroutputfluorescentlamps;
and

d) Selectinglightcontrolmaterial,suchasspecular
or non specular aluminum or prismatic
conflguratedglass.orplastic that can limit the
luminaireluminancein the shieldedzone.

Top openings in luminaires generally minimize dirt
collection on the reflector and lamp byallowing an air
draft path to movedirt particlesupwardandthroughthe
luminaireto the outer air. Therefore,ventilatedtypes of
luminaires have proventheir ability to minimize
maintenanceof fluorescent,highintensitydischarge,and
incandescentfilamenttypesofluminaires.Gasketeddust
tight luminaires are also effective in preventing dirt
collectionon reflectorsurfaces.

Specialattentionisrequiredto be paid to theselectionof
luminairesfor industrial interiors'with highlycorrosive
atmosphereor fire and explosion hazards [see
IS10322(Part1)].Luminairesmadeofcorrosionresistant
materialspeciallydesignedforcorrosiveatmospheresare
to be selectedforchemicalfactories,fertilizerplantsand
othersimilarindustrieswherecorrosivefumesarepresent
in the atmosphere. Forindustrial areascontaining
inflammabledust and gases, the choiceof luminairewill
be guided by the relevant IndianStandard.

4.4 Luminairesfor Direct Lighting

In industrial luminaires for direct lighting, light
distributionsvary from wideto narrow.

Thewidedistributiontypescompriseporcelainenamelled
reflectorsandvariousothertypesofdiffusewhitereflecting
surfaces.Aluminium, mirroredglass,prismaticglass,and
othersimilarmaterialsmayalsobe usedtoprovidea wide
distributionwhenthereflectorisdesignedwiththe proper
contour.This type of lightdistributionisadvantageousin
industrial applicationswhere a largeproportionof the
seeingtasksareverticalor nearlyvertical.

Narrowdistributionsare obtained withprismaticglass,
mirroredglassandaluminiumreflectors.Thistypeof light
distribution is useful where the mounting height is
approximatelyequal to or greater than the width of the
roomor wherehighmachineryandprocessingequipment
necessitatedirectionalcontrol for efficientillumination
betweenthe differentequipment.

104

In making a choicebetweenluminaireswith wide and
narrowdistributionson the basis ofdesiredhorizontal
illuminance,acomparisonofcoefficientsofutilizationfor
the actual roomconditionsinvolvedwill serveas a guide
in selectingthe most effectivedistribution.Care should
be taken to use such coefficients based as closely as
practicalto actual ceiling,wall and floorreflectancesas
wellas actual roomproportions.

If, however, it is desired to determine illuminance at
specific points, then a pointcalculationmethod should
be used to obtain accurate results. This is particularly
true for highmountingheights. .

4.5 OtherTypesofLuminairesfor Direct Lighting

Where low reflected luminance is a necessity, low
luminanceluminaireswith a large area should be used.
Such aluminairemay consist of adiffusing panel on a
standardtype offluorescentlampreflectoror an indirect
lighthood.Acompletelyluminousceilingcan alsoserve
the purpose.

4.6 Luminairesfor Semi-Direct Lighting

Thisclassificationof distribution is useful in industrial
areasbecausetheupwardcomponent(10 to 40 percent)
isparticularlyeffectiveincreatingmorecomfortableseeing
conditions.Fluorescentandhighintensitydischargelamp
luminairesdesignedspecificallyfor industrialapplication
can give thisdistribution.

Whilethesemi-directtypeofdistributionhas asufficient
upwardcomponentto illuminatetheceiling,thedownward
componentof 90 to 60 percent of the outputcontributes
to goodilluminationefficiency,particularlywhereceiling
obstructionsmayminimizetheeffectivenessoftheindirect
component.

4.7 IndustrialApplicationsofOther LightDistribution
Classifications

There aresemi-industrialapplications,wherea superior
qualityofdiffused,lowluminanceilluminationisrequired
and whereenvironmentalconditionsmakesuchsystems
practical.An exampleof suchapplicationsincludesthe
precision industries where a completely controlled
environmentis important, including lighting, air
conditioningand carefullyplanneddecoration. .

4.8 Lighting Relatedto Structureof Industrial
Premises

4.8.1 LightingofFactory Spaces with Skylights

Wheredaylightingisgivendueconsiderationinthedesign
of a building, the shapeof the building is primarily
determinedbythisrequirement.Theworkingarea is also
plannedon the basis ofdaylighting.

While planningtheartificial lighting, the layout of the
luminaireshas to be related to the layoutof theworking
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area to obtain the mostcomfortableworking conditions.
Thelighting canbeintegratedwiththe naturalshapeand
structureof the building while still meeting the
requirementsof thelighting effecton theworking place
to achievea betterresult.Closecoordinationbetweenthe
architect andlighting engineercan result in alighting
installationwhich is in tune with thearchitecturalform
of thebuilding.

4.8.2 Lighting ofFactory Spaces with Closed Ceilings

In thistype ofconstructionthere isverylittledependence
ondaylighting.Theartificial lighting has to bedesigned
purely on the needs of the nature of work, layout of
machinery,etc. Where a false ceiling is provided, the
luminairesmayberecessedin the falseceilingfor better
aesthetics.

It is generallydesiredfrom the·user's point of viewthat
theluminairesshould,as far as possible,be fixed to the
existingmembersin the roofstructurelike the bottom
membersof the trussesorlongitudinaltie members.The
luminaireshaveto be orientedaccordingto the layoutof
the machinery to obtain the most satisfactory seeing
conditions.

A layoutdecidedonsuchaconsiderationmaynotcoincide
with the existing structural elements and additional
membersmayhaveto be providedspecificallyfor fixing
the luminaires.An interestingdevelopmentwhich takes
careofthisproblemeconomicallyis thetrunkingsystem.
Thetrunking, which is essentiallymetalchannelswith
cover plates at thebottom, of standardlengthsjoined
together, is run across the hall with suspensions at
necessary intervals. Incidentally, this minimizes the
numberof suspensionpointscomparedto individually
mountedluminaireseachwithtwosuspensionpipes.The
wiring is runthroughthetrunkingitselfandtheluminaires
areattachedto thetrunkingat the requiredlocations.

4.8.3 HighbayLighting

Generallyhigh roofing is provided in the heavy
engineeringindustry, where overheadtravelling cranes
are provided and/or fumes and smokehave to be
evacuated.Theartificial lighting has tobe. located at a
greaterheightin the roof structureto allowunobstructed
movement of cranes, etc. While for low and medium
mountingheightfluorescentlamplighting isanimmediate
choice, forhighbaylighting it is advantageousto use a
smallernumberof high lumen output sources like the
high wattage highpressuregasdischargelamps.

5 FACTORSFORSPECIALCONSIDERATION

5.1 Lighting andSpaceConditioning

With the useof higherilluminance,it is oftenpracticalto
combinethe lighting, heating,cooling andatmospheric
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controlrequirementsinanintegratedsystem.Thelighting
systemcan often providemost of the heat energyduring
winter. When cooling isrequired,much of thelighting
heat can be removedby the air exhaustsystem.

5.2 High Humidity or CorrosiveAtmosphereand
HazardousLocationLighting

Enclosedgaskettedluminairesareusedinnon-hazardous
areaswhereatmospherescontainnonflammabledustsand
vapors,or excessivedust.Enclosuresprotectthe interior
of the luminaire from conditionsprevailingin the area.
Steamprocessing,platingareas,washandshowerrooms,
and other areas ofunusuallyhighhumidity are typical
areas that requireenclosedluminaires.Severecorrosive
conditions necessitateknowledgeof the atmospheric
content to permit selection of proper material for the
luminaire.

Hazardouslocationsareareaswhereatmospherescontain
inflammabledusts, vapours or gases inexplosive
concentrations.They are grouped on the basis of their
hazardouscharacteristics,and all electrical equipment
mustbeapprovedfor use inspecificclasses andgroups.
Luminairesareavailablespecificallydesignedto operate
in these areas, which areclassifiedas Class I, Class II
and Class IIIlocations(seeIS 5572).

5.3 AbnormalTemperatureConditions

Lowambienttemperaturesmustberecognizedasexisting
in such areas asunheatedheavyindustrialplants,frozen
food plants and cold storage warehouses. Luminaire
equipment should be selected to operate under such
conditions and particular attention should be given to
lampstartingand lightoutputcharacteristicsif fluorescent
lampsareconsidered.With highintensitygasdischarge
lamps,temperaturevariationhaspracticallyno effect on
light output, but the proper startingcharacteristicsare a
must.Withincandescentfilamentlampequipment,neither
the starting nor theoperationis a problem at low
temperature.

Abnormally hightemperaturesmaybecommonat truss
height infoundries,steelmills,forge shops,etc. Caution
shouldbe observedinselectingluminairesfor mounting
in suchlocations.It isparticularlyimportantto consider
the temperature limitations of fluorescent and high
intensity gas dischargelamp ballastsunder such
conditions.Oftenballastsshouldbe remotelylocatedat a
lowerand cooler levelor specialluminairessuitable for
high temperatures should be used. The reduction in
fluorescentlamp lumenoutput at high operating
temperaturesshouldbe kept inmind.

5.4 Mainter:ance

Regularcleaningandpromptreplacementoflampoutages
isessentialinanywelloperatedindustriallightingsystem.
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It is importantfor the lightingdesignerto analyze luminaire
constructionand reflector finish and also to make
provisionsfor maintenanceaccessso thesystemcan be
properlyserviced.It may benecessaryto do theservicing
during the' plant operatinghours. Further details on
maintenance,accessmethodsand servicingsuggestions
aregiven in Part13of this code.

Specialmentionshouldbe madeofgroupreplacementof
the lamps and 'startersin the caseof fluorescentlamp
luminaires.The desirability of group replacementis
largelydeterminedby lampreplacementcostsandshould
be consideredon its merit in eachcase.

6 SUPPLEMENTARYUGHTING IN INDUSTRY

Difficult seeingtasksoften requirea specificamountor
quality of lighting which cannotreadily be obtainedby
general lighting methods.To solve such problems
supplementaryluminairesare often used toprovidehigher
illuminancefor small or restrictedareas.Also, they are
used tofurnish a certain luminance,or colour to permit
specialaimingor positioningof light sourcesto produce
or avoid highlightsor shadowsto bestportraythe details
of the task.

Before supplementarylighting can be specified it is
necessaryto recognizethe exactnatureofthe visualtask
and to understandthe light reflecting or transmitting
characteristics.An improvementin the visibility of the
task will dependupon one or moreofthefour fundamental
visibility factors- luminance,contrast,size and time.
Thus, in analyzingthe problem, the engineermay find
thatseeingdifficulty is causedby insufficient luminance,
poor contrast(veiling reflections),small size,or thatthe
taskmotion is too fast forexistingseeingconditions.

The planning of supplementarylighting also entails
considerationofthevisualcomfortofboththoseworkers
who benefitdirectly and thosewho are in theimmediate
area.Supplementaryequipmentmustbecarefullyshielded
to preventglarefor the user and hisassociates.Luminance
ratiosshouldbecarefullycontrolled.Ratiosbetweentask
and immediatesurroundingsshouldbe limited as far as
possible.To attain these limits it isnecessaryto coordinate
the designof supplementaryand generallighting.

7 PORTABLE LUMINAIRES

Whereverpossible, luminaires should be permanently
.mountedat thelocationto producethe bestlighting effect.
Adjustable arms and swivels will often adapt the
luminairesto therequiredflexibility. Portableequipment,
however,can be used togood advantagewhere it must
be 'moved in andaroundmovablemachinesor objects
such as inairplaneassembly,garages,or whereinternal
surfacesmust be viewed. The luminaires must be
mechanicallyandelectricallyruggedto withstandpossible
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rough handling. Lamps should be guardedand of the
roughservicetype. Guardsor othermeansshouldprotect
the userfrom excessiveheat.Precautionsshouldbetaken
to preventelectricalshock.

8 CLASSIFICATION OF VISUAL TASKS AND
UGHTING TECHNIQUES

Visual tasksareunlimitedin number,but can beclassified
accordingto certaincommoncharacteristics.Classification
is madeaccordingto their physicaland light controlling-
characteristicsand suggestslighting techniquesfor good
visual perception. '

It shouldbe notedthattheclassificationofvisualtasksis
basedon the prime and fundamentalvisual task
characteristicsand not on thegeneralapplication.

9 SPECIALEFFECfSAND TECHNIQUES

Colouras apartof the seeingtaskcan be veryeffectively
used toimprovecontrast.While blackand white are the
mostdesirablecombinationsfor continualtaskssuch as
the readingofabook, it has been foundthatcertaincolour
combinationshave agreaterattentionvalue. Black on
yellow is mostlegibleand thenextcombinationsin order
of preferenceare greenon white, red on white, blue on
white, white on blue,and finally blackon white.

It is sometimesnecessaryto inspectand study moving
partswhile they are inoperation.This can bedonewith
stroboscopicillumination which can beadjustedto stop
or slow up the motion of constantspeedrotating and
reciprocatingmachinery.Stroboscopiclampsgive flashes
of light at controllable intervals (frequencies).Their
flashing can be sotimed that when the flash occursan
objectwith rotatingor reciprocatingmotion is alwaysin
exactlythe samepositionand appearsto standstill.

10 DAYUGHTING

10.1 Most peopleprefer to work in buildings having
good daylighting. Oneof the characteristicsof daylight
which gives it this appealis the constantchangeboth in
quality and quantity, creating interestand avoiding
monotony.This variation is taken into accountwhen
planning a schemeto ensurethat at no time will the
illumination over the working areabe less than'that
recommendedfor the particular visual task. In some
buildings it will be possibleto achievethis by natural
lighting alone,but in other buildings, especiallythose
located in obstructedcity areas,it will be necessaryto
supplementthe natural lighting by artificial lighting
designedto operatepermanentlyduringthe day time;this
shouldbe properlycoordinatedwith natural lighting as
recommendedin IS 3646(PartI). For detailedaspectsof
daylighting, referencemay be made-to IS: 2440 and
IS 6060as well aspart11ofthiscode.
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10.2 The uniformity of illuminationwill dependon the
designofthefenestration.Since this ispartofthe overall
designofthebuilding,many factors come into the picture.
Generallythereappearsto begreaterscopeand freedom
in industrialbuildingsfor providingwindowarrangements
which will give the desireddaylighting conditions.
Industrialbuildingsaregenerallylocated inunobstructed
areas wherethereare sufficient open spacesall around.
They have mostly one storeyso that there ispossibility
of having skylights or windows in the roofing, as for
example,saw tooth roofing and monitor windows. The
heights of the buildings are also enoughto have a
satisfactoryspacingto height ratio of the windows.

11 PERMANENT SUPPLEMENTARYARTIFICIAL
LIGHTING (PSALI)

11.1 Thisrefersto artificial lighting providedfor use in
the daytimeto supplementnaturaldaylight.

11.2 The need forprovidingPSALI in buildingsarises
due to tworeasons:

a) Due to various reasonsadequatedaylighting
over the whole working.area may not be available;
and

b) To createacceptablebrightnesslevels on the
varioussurfacesin the working interior.

For areas where thedepthsof the rooms are much more
than theheightoftheroom andwindowsmay beavailable
at one or two sides only, it isnecessaryto raise the lighting
to a level necessaryfor the task. At thedarker zones,
supplementarylighting is required.

12 RECOMMENDED ILLUMINANCES

12.1 Recommendedilluminancesshould be graded
accordingto thedifficulty ofthevisual task.Thesevalues
shouldbe maintainedin servicethroughpropercleaning
andrelampingofluminaires,thecleaningofwindows, and
themaintenanceofreflectance valuesofthe room surfaces.
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Initial valuesfrom the artificial lighting systemshall be
greaterby a percentagesufficient to compensatefor the
normaldepreciationexpectedin service. Anindustrymay
also have an office or aconferenceroom and forlighting
of thesespaces,the illumination values as givenunder
the head'Offices,Schools and PublicBuildings' in IS 3646
(Part I) shall apply. Therecommendedilluminanceand
limiting valuesofglareindex for industrialbuildingsand
processesare given in Table 2.

12.2 It is not a simple matter to specify suitable
illuminances if theseare to be basedupon sound
reasoning.Since there is no distinct threshold level of
illuminationbelowwhichthe performanceofa particular
visual task isgreatly impeded,somecompromisehas to
be soughtbetweenan ideal level and one which is
obviouslyinadequate.Generally,a recommendedlevel is
arrivedat afterbeingcarefullyweighedin the relation it
bears to theeyesight,the visual task, theenvironment,
and the economicsinvolved. Any specification is,
therefore,alwaysopento a greatdeal of controversy.It
may, however, be summarizedthat any of the above
recommendedilluminancescould servechieflyas aguide
to good practices.It is not alwayssufficient to provide
justenough light and leave it at that.Adequateillumination
will benefitpeoplewith normalsight, but thebenefitwill
be far greaterto thosewith faulty vision. For example,
elderlypeoplerequirehigher illumination valuesfor the
same facility of seeingas young people [see IS 3646
(PartI) and Part 2,Section2 ofthis code].

12.3 In any lighting arrangement the required illuminance
could be achieved through acombinedusageofthenatural
daylightingand the artificial lighting.The objectofdesigning
artificial lighting specificallyto supplementthe available
natural light is to provide light which satisfies the
recommendationsof both quantity and quality in all parts
ofthe room orbuilding,while at the same timepreserving
the sensethat the lighting is predominantlynatural
[see IS 3646(Part1)and(Part2/Section2) ofthiscode].
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Table 2RecommendedValues ofIlluminationandLimiting Values ofGlareIndex
(Clause12.1)

Average Illumination Limiting Glare
(lux) Index

150

100

100

20

450 25

300 25

300 25

150 28

300 25

700 22

1 5001) 19

Industrial Buildings and Processes

General Factory Areas

a) Canteens

b) Cloakrooms

c) Entrances,corridors, stairs

Factory Outdoor Areas

Stockyards,main entrances,exit roads, carparks, internal factory roads

Aircraft Factories and MaintenanceHangers

a) Stock parts productions

b) Drilling, riveting, screw fastening,sheet aluminum layout and templatework,
wing sections,cowling welding, sub-assembly,final assembly,inspection

c) Maintenanceand repairs (hangers)

AssemblyShops

a) Rough work, for example,frame assembly,assemblyof heavy machinery

b) Medium work, for example,machinedparts, engineassembly,vehicle
body assembly

c) Fine work, for example,radio andtelephoneequipment,typewriter and
office machinery

d) Very fine work, for example,assemblyof very small precisionmechanisms,
instruments

Bakeries

a) Mixing and make-uprooms, oven rooms, wrapping rooms

b) Decoratingand icing

Boiler Houses(Industrial)

a) Boiler fronts andoperatingareas

b) Boiler rooms:

i) Boiler fronts andoperatingareas

ii) other areas

c) Outdoor plants:

i) Catwalks

ii) Platforms

Bookbinding

a) Pasting,punchingand stitching

b) Binding and folding - miscellaneousmachines

c) Finishing, blocking and inlaying

Boot and ShoeFactories

a) Sorting and grading

b) Clicking and closing, preparatoryoperations

c) Cutting table and presses,stitching

d) Bottom stock preparation,lasting and bottoming, finishing

e) Shoerooms

Breweries andDistilleries

a) Generalworking areas

b) Brew house,bottling and canningplants

c) Bottle inspection

150

200

100

1002)

20 to 50

20

50

200

300

300

1 0003)

700

1 000

700

700

150

200

Speciallighting

25

25

25

22

22

19

22

22

22

22

25

25
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Table2·(Continued)

Industrial Buildings and Processes Average Illumination Limitlug Glare
(lux) Index

1002)

200 to 300 19

300 19

150 28

200 25

300 22

4503) 19

300 22

450 22

700 22

300 22

450 19

1 000 19

1 500 19

450 19

1 000 19

1 500 19

Canningand PreservingFactories

a) Inspectionof beans, rice, barley, etc.

b) Preparation:Kettle areas,mechanicalcleaning, dicing, trimming

c) Canned andbottled goods: Retorts

d) High speed labelling lines

e) Can inspection

Carpet Factories .

a) Winding, beaming

b) Designing,jacquardcard cutting, setting pattern, tufting, topping,
cutting, hemming, fringing

c) Weaving, mending, inspection

Ceramics (seePottery and Clay Products)

Chemical Works

a) Hand furnaces,boiling tanks, stationarydriers, stationaryor gravity crystallizers,
mechanicaldriers, evaporators,filtration plants, mechanicalcrystallizing,
bleaching,extractors,percolators,nitrators, electrolytic cells

b) Controls, gauges, values; etc.

c) Control rooms:

i) Vertical control panels

ii) Control desks

Chocolateand ConfectioneryFactories

a) Mixing, blending, boiling

b) Chocolatehusking,winnowing, fat extraction,crushingand refining, feeding,

bean cleaning, sorting, milling, cream making

c) Hand decorating,inspection,wrapping, packing

Clothing Factories

a) Matching-up

b) Cutting, sewing:

i) Light

ii) Medium

iii) Dark

iv) Pressing

c) Inspection:

i) Light

ii) Medium

iii) Dark

d) Hand Tailoring:

i) Light

ii) Medium

iii) Dark
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450

300

200

300

450

200

300

450

150

22

25

25

25

25

22

22

28
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Table 2(Continued)

Industrial Buildings and Processes Average Illumination Limiting Glare
(lux) Index

150

100

300

150

Collieries (Surface Buildings)

a) Coal preparationplant:

i) Working areas

ii) Other areas

iii) Picking belt

iv) Winding houses

b) Lamp rooms:

i) Main areas

ii) Repair sections

iii) Wei~h cabins

c) Fan houses

Dairies

a) General"working areas

b) Bottle inspection

c) Bottle filling

Die Sinking

a) General

b) Fine

Dye Works

a) Reception,'grey' perching

b) Wet processes

c) Dry process

d) Dyers' offices

e) Final perching

Electricity GeneratingStations: Indoor locations

a) Turbine halls

b) Auxiliary equipment;batteryrooms, blowers,auxiliary generators,switchgear
and transformerchambers

c) Boiler houses(including operatingfloors), platforms, coal conveyors,pulverizers,
feeders,precipitators,soot and slag blowers

d) Boiler house and turbine house

e) Basements

f) Conveyorhouses,conveyorgentries,junction towers

g) Control rooms:

i) Vertical control panels

ii) Control desks

iii) Rear of control panels

iv) Switch houses

h) Nuclear reactorsand steam raising plants:

i) Reactor areas, boilers, galleries

ii) Gas circulator bays

iii) Reactorcharge/dischargeface

Electricity GeneratingStations : Outdoor Locations

a) Coal unloading areas

b) Coal storage areas

c) Conveyors

100

150

150

100

2004)

Special lighting

450

300

1 000

700

1505)

2005)

7003)

2 0(03)

200

100

70 to 100

100

70

70 to 100

200 to 300

300

150

150

150

150

200

20

20

50

25

25

19

28

28

19

25

19

19

19

25

25

25

25
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Table 2(Continued)

Industrial Buildings'and Processes Average Illumination Limiting Glare
(lux) Index

d) Fuel oil delivery headers

e) Oil storagetanks

f) Catwalks

g) Platforms,boiler and turbine decks

h) Transformersand outdoor switchgear

Engraving

a) Hand

b) Machine(seeDie Sinking)

Farm Buildings (Dairies)

a) Boiler houses

b) Milk rooms

c) Washing andsterilizing rooms

d) Stables

e) Milking parlours

Flour Mills

a) Roller, purifier, silks and packing floors

b) Wetting tables

Forges (General)

Foundries

a) Charging floors; tumbling, cleaning, pouring, shaking out, rough mouldingand.
rough core making

b) Fine moulding and core making,inspection

Garages

a) Parking areas(interior)

b) Washing andpolishing, greasing, general servicing, pits

c) Repairs

Gas Work

a) Retort houses, oil gas plants, water gas plants, purifiers, coke screening and
coke handlingplants (indoor)

b) Governor-,meter-, compressor-,booster-and exhauster-houses

c) Open typeplants:

i) Catwalks

ii) Platforms

Gauge and ToolRooms(General)

Glass Works and Processes

a) Furnace rooms, bending, annealing lehrs

b) Mixing rooms, forming (blowing, drawing, pressing, rolling)

c) Cutting to size, grinding,polishing, toughening

d) Finishing (bevelling, decorating,etching, silvering)

e) Brilliant cutting

f) Inspection:

i) General

ii) Fine

50

50

50

50

100

1 000

50

150

150

50

150

150

300

150

150

300

70

150

300

30 to 506)

100

206)

50 6)

700 7)

100

150

200

300

700

200

700

19

25

25

25

25

25

28

25

25

28

28

25

28

25

19

28

28

25

22

19

19

19
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Table 2(Continued)

Industrial Buildings and Processes Average Illumination Limiting Glare
(lux) Index

300 22

300 22

450 22

700 22

450 19

1 000 19

1 500 19

150 22

Glove Making

a) Pressing,knitting, sorting, cutting

b) Sewing:

i) Light

ii) Medium

iii) Dark

c) Inspection:

i) Light

ii) Medium

iii) Dark

Hat Making

a) Stiffening, braiding, cleaning, refining, forming, sizing, pouncing,
flanging, ironing

b) Sewing:

i) Light

ii) Medium

iii) Dark

Hosiery andKnitwear

a) Circular and flat knitting machines,universalwinders, cutting out, folding
and pressing

b) Lock stitch and over locking machines:

i) Light

ii) Medium

iii) Dark

c) Mending

d) Examining, finishing, light, medium and dark

e) Linking or running on

InspectionShops (Engineering)

a) Rough work, forexample,counting, rough checkingof stock parts etc.

b) Medium work, for example,'Go' and 'No-go' gauges,sub-assemblies

c) Fine work, for example,radio andtelecommunicationequipment,calibrated
scales,precisionmechanisms,instruments

d) Very fine work, for example, gauging andinspectionof small intricate parts

e) Minute work, very small instruments

Iron and Steel works

a) Marshalling and outdoor stockyards

b) Stairs, gangways,basements,quarries, loading docks

c) Slab yards,melting shops, ingotstripping soakingpits, blast furnace working
areas,picking and cleaninglines, mechanicalplants, pump houses

d) Mould preparation,rolling and wire mills, mill motor rooms,power and
blower houses

e) Slab inspectionand conditioning, cold strip mills, sheet and plate finishing,
tinning, galvanizing,machineand roll shops

f) .Plate inspection

g) Tinplate inspection

300

450

700

300

300

450

700

1 500

700

450

150

300

700

1 500

3 0001)

10 to 20

100

100

150

200

300

Special lighting

22

22

22

22

22

22

22

19

19

19

28

25

22

19

10

28

28

28
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Table 2 (Continued)

Industrial Buildings and Processes Average Illumination Limiting Glare
(lux) Index

Jewelleryand Watch making

a) Fine processes

b) Minute processes

c) Gem cutting, polishing, setting..

Laboratoriesand Test Rooms

a) Generallaboratories,balancerooms

b) Electrical and instrumentlaboratories

Laundriesand Drycleaning Works

a) Receiving,sorting, washing, drying, ironing(calendaring),despatch

b) Drycleaning,bulk machinework

c) Fine handironing, pressing,inspection,mending,spotting

LeatherDressing

a) Vats,cleaning,tanning, stretching,cutting, flashing and stuffing

b) Finishing, staking, splitting and stating

Leatherworking

a) Pressing and glazing

b) Cutting, scarfing, sewing

c) Grading and matching

Machinesand Fitting Shops

a) Roughbenchand machine work

b) Medium bench andmachinework, ordinary automaticmachines,
rough grinding, medium buffingand polishing

c) Fine bench andmachinework, fine automaticmachines,medium
grinding, fine bulling and polishing

Motor Vehicle Plants

a) Sub-assemblies, chassis and car assembly

b) Final inspection

c) Trim shops, body assembly,sub-assemblies

d) Spray booths

Paint Works

a) Generalautomaticprocesses

b) Special batch mixing

c) Colour matching

Paint Shops andSprayingBooths

a) Dipping, tiring, rough spraying

b) Rubbing, ordinary painting, spraying and finishing

c) Fine painting, sprayingand finishing

d) Retouchingand matching

Paper Works

.a) Paper and board making:

i) Machine houses,calendaring,pulp mills, preparationplants,
cutting, finishing, trimming

ii) inspectionand sorting (overhauling)

b) Paperconvertingprocesses:

i) Corrugatedboard, cartons,containersand papersack manufacture,
coating and laminatingprocesses

ii) Associatedprinting

7001)

3 0001)

5008)

300

450

200

200

300

150

200

450

700

1 0003)

150

300

700

300

450

300

450

200

450

7003)

150

300

450

7003)

200

300

200

300

19

10

19

19

25

25

25

28

28

22

22

19

28

25

22

25

25

25

25

22

19

25

25

25

19

25

22

25

25
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Table 2(Continuedi

Industrial Buildings and Proeesses Average Illumination Limiting Glare
(lux) Index

200 25

450 22

200 25

300 25

450 19

300 19

200 25

300 25

200 25

300 25

7003) 19

200 25

150 25

200 25

NATIONAL UGHTING CODE

Pharmaceuticalsand Fine Chemical Works

a) Raw material storage

b) Control laboratoriesand testing

c) Pharmaceuticalsmanufacturing:grinding, granulating,mixing and drying,
tableting, sterilizing and washing,preparationof solutions and filling,
labelling, capping, cartoningand wrapping,inspection

d) Fine chemicalmanufacture:

i) Plant processing

ii) Fine chemical finishing

Plastic works

a) Manufacture(see ChemicalWorks)

b) Processing:

i) Calendaring,extrusion

ii) Moulding - compression,injection

c) Sheetfabrication:

i) Shaping

ii) Trimming, matching,polishing

iii) Cementing

Plating Shops

a) Vat and baths, buffing, polishing, burnishing

b) Final buffing and polishing

Pottery and Clay Products

. a) Grinding, filter pressing,kiln rooms, moulding, pressing, cleaning,
trimming, glazing, firing etc.

b) Enamelling,colouring, decorating

Printing Works

a) Type foundries:

i) Matrix making, dressing type, hand and machinecasting

ii) Front assembly, sorting

b) Printing plants:

i) Machine composition,imposing stones

ii) Presses

iii) Composingroom

iv) Proof reading

c) Electrotyping:

i) Block-making, electroplating,washing,backing

ii) Moulding, finishing, routing

d) Photo-engraving:

i) Block-making, etching, masking

ii) Finishing, routing

e) Colour printing: Inspectionarea

RubberProcessing

a) Fabric preparationcreels

b) Dipping, moulding, compoundingcalendars

c) Tyre and tube making

114

200

300

300

200

300

300

200

300

200

150

Special lighting

150

4503)

28

19

25

25

25

25

25

25

25

25

28

19
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Table 2(Continued)

Industrial Buildings and Processes Average Illumination Limiting Glare
(lux) Index

Sheet Metal Works

a) Benchwork, scribing, pressing,punching,shearing,stamping,
spinning, folding

b) Sheetinspection

Soap Factories

a) Kettle housesand ancillaries,glycerin evaporationand distillation,
continuous indoor soap making, plants:

i) General areas

ii) Control panels

b) Batch or continuoussoap cooling, cutting and drying, soapmilling, plodding:

i) General areas

ii) Control panels,key equipment

c) Soapstamping,wrapping and packing, granule making, granulestorage and
handling, filling and packing granules:

i) General areas

ii) Control panels, machines

d) Edible productsproces~ing and p~cking

Structural Steel Fabrication Plants

a) General

b) Marking off

Textile Mills (Cotton or Linen)

a) Bale breaking, blowing, carding, roving, slubbing, spinning (ordinary counts),
winding, heckling, spreading, cabling

i· {. ~ ,

b) Warping, slashing, dressing and dyeing, doubling (fancy), spinning (fine counts)

c) Healding (drawing-in)

d) Weaving:

i) Patterned cloths, fine counts dark

ii) Patterned cloths, fine counts light

iii) Plain 'grey' cloth

e) Cloth inspection

Textile Mills (Silk or Synthetics)

a) Soaking, fugitive tinting conditioning, setting of twist

b) Spinning

c) Winding, twisting, rewinding and coning, quilting, slashing :

i) Light thread

ii) Dark thread

d) Warping

e) Healding (drawing-in)

f) Weaving

g) Inspection

Textile Mills ( Woollen)

a) Scouring, carbonizing, teasing, preparing, raising, brushing, pressing,
back-washing, giBing, crabbing and blowing

b) Blending, carding, combing (white), tentering, drying, cropping

c) Spinning, roving, winding, warping, combing (coloured), twisting

d) Healding (drawing-in)

200

Special lighting

150

200 to 300

150

200 to 300

150

200to 300

200

150

300

150

200

700

700

300

200

7003)

200

450

200-

300

300

700

700

10003)

150

200

450

700

25

25

25

25

25

25

25

25

28 ,

28

25

25

19

19

19

25

25

25

25

25

19

19

25

25

25
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Table2 (Concluded)

Indiistrial Buildings"and Processes Average Illumination Limiting Glare
(lux) Index

. e) Weaving:

i) Fine worsteds

ii) Medium worsteds, fine woolens

iii) Heavy woolens

f) Burling and mending

g) Perching:

i) Grey

ii) Final

Textile Mills (Jute)

a) Weaving, spinning, flat,jacquardcarpet looms, cop winding

b) Yam calendar

TobaccoFactories

All processes

Upholstering

Furnitureand vehicles

Warehouses andBulk Stores

a) Large material, loading bays

b) Small material, racks

c) Packingand dispatch

Welding andSoldering

a) Gas and arc welding,· rough spot welding

b) Medium soldering, brazing and spot welding, forexamI?le, domestic hardware"

c) Fine solderingand spot welding,for example, instruments,radio set assembly

WoodworkingShops

a) Rough sawing, and bench work

b) Sizing, planing, rough sanding, medium machine and bench work, gluing,
veneering,cooperage

c) Fine bench and machine work, fine sanding and finishing

700

450

300

700

700

2 0003)

200

150

3009)

300

100

150

150

150

300

700

150

200

300

19

19

19

19

25

2525

22

22

28

25

25

28

25

22

22

22

22

116

I) Optical aids should be used where necessary.
2) Supplementary local lighting may be required for gauge glasses and instrument panels.
3) Special attention should be paid to the colour quality of the light.
4) Supplementary local lighting may be required for sight glasses.
5) Supplementary local lighting should be used where necessary.
6) Supplementary local lighting should be used at important points.
7) Supplementary local lighting and optical aids should be used where necessary.
8) Special attention to colour quality of light may be necessary.
9) Special attention should be paid to the colour quality of the light in all processing areas.

NATIONAL UGHflNG CODE



NATIONAL LIGHTING CODE

PART 5INTERIORILLUMINATION
Section2 Office Lighting

SP 72 : 2010



CONTENTS

FOREWORD

SCOPE

TERMINOLOGY

LIGHTING REQUIREMENTS

INTEGRATION WITH OTHER SERVICES

LIGHTING LAYOUTS

CHOICE OFLIGHTING EQUIPMENT

VISUAL TASKREQUIREMENTS

VISUAL ENVIRONMENT REQUIREMENTS

.DESIGN ISSUESRELATED TO SPECIFICAREAS IN OFFICES

LIGHTING FORVISUAL DISPLAY TERMINALS (VDTS)

118

119

120

120

120

120

120

121

121

122

122

123

NATIONAL UGHTING CODE



Title

Codeofpractice for interior illumination: Part 1General
requirementsandrecommendationsfor working interiors
(First Revision)

SP 72 : 2010

Illumination Engineering and Luminaires Sectional Committee, ET 24

FOREWORD

Office work can beunderstoodascomprisinga hostoffrequentlyvaryingactivities,involving theprocessingof files,
communicatingwith otherworkstations,operatingthecommunicationmedia,communicatingwith other membersof
staff, thinking,organizing,and so on. Each activity imposes differentrequirementson the office space,workstation,
surroundings, furnishings,equipment,and also the lighting. Equally, each activity demands adifferent relationship
with other rooms in the buildingOr elsewhere. As every company or public authority differs in structure and organization,
so does the emphasis put on each specific activity,thereforeaffecting theserelationships.The result is that individual '
workstationshave to meet very complex requirements. Traditionally, the'surface'is the mainobjectof interest in
lighting; todaythe 'space'starts toplayamajor role.

Needlessto mention, that mostly all office workers are inside a'box', spending long hours staring at acomputer
screen. It was not long ago that animportantcriteria in office lighting was to ensure the legibilityof pencil written
text without anyspecularreflectionson paper. Today a laserprinterdeliversperfectlysharp, matt,blacktexts, which
makes lightingof such visual tasks much simpler. Today, designers are challenged with lighting up a space,creating
anenvironment,and ensuringcomfortto the users byeliminatingglare on the screen. Lighting is thus not limited to
selectionof a few good looking products, but more a designjob.

Irrespectiveof the requirementsthat have already been discussed above, a numberof basic human needs have to be
taken into account in the designof office workstations. These human needs reflect aperson'sdesire for:

a) orientationin space and time(including biorhythm);

b) privacy andcommunication;

c) information and familiarity; and

d) variationand surprise (not monotonous).

These human needs can beincorporatedinto a scheme for lighting designers.

Key elements that should be taken into account are listed below.

a) The lighting should facilitateorientationand definitionof a person's location in space and time;

b) Lighting should be an integral partofthearchitectureand interior design, namelyplannedfrom thebeginning
and not added as an afterthought. Through the choiceof form, colour and material and in its design and
details, lighting shouldsupportthe intentionsof the architectureand interior design rather than function
independently;

c) Lighting should create a mood andatmospherethat meetspeople'sdemands andexpectations;and

d) Lighting should facilitate and promotecommunicationamong people.

Thus, understandingthe office space and the needsof users, forms thefundamentalbasis of a good office lighting
design. The moredevelopedcountries,have nowacceptedthe new model in lighting which evolves around the
autonomyoftheemployee ordepartmentand theimportanceof communicationamongst employees.

The following IndianStandardis anecessaryadjunct to this section.

IS No.

3646(part1):1992
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Section 2 OfficeLighting

1. SCOPE

This sectionofthe code covers theprinciplesand practices
governinggood lighting of offices. It recommendsthe
levelsof illumination to beachievedby generalprinciples
of lighting.

NOTE - General aspectsof interior lighting, including
assessment of glare, are dealt with in IS 3646(Part I):1992.

2. TERMINOLOGY

For the purposeof this section, thedefinitionsgiven in
Part 1ofthis code shall apply.

3 UGHTING REQUIREMENTS

3.1 The provisionmade for lighting will depend on the
typeofoffice, for example, general office, executive office,
drawingoffice, etc and thesubdivisionofthefloor space.
Wherethe layoutofpartitioningis unknown orsubjectto
alteration, provision should be made for a flexible
installation that will allow luminaires to be placed in proper
relation to anyarrangementofpartitioning. This flexibility
may beachievedby either:

a) providing fixed outlets on a modular system
sufficient in numberto ensurethat luminaires
can be locatedsatisfactorilyirrespectiveofhow
the interior ispartitioned;or

b) by usingcontinuouslinesoftrunkingor lighting
track along whichluminairescan be located as
required.

Both the above methods can facilitate group and individual
switching of luminairesto suit workstationswhich may
carryon working outside thegeneraloffice hours.

Generaloverheadlighting will normally be satisfactory
but, inrelativelydeepoffices,integrationofdaylightand
artificial light may berequiredin orderto give properly
balancedseeingconditionswhile still retainingthe effect
ofnaturallighting.

The layout should be designedto limit glare and care
should be taken to avoidspecularreflectionof the light
sourcesfrom polishedfurniture, glossypaper, machine
surfacesor glazedpartitions.

Office lighting requirementsare now changing from fixed
uniform illuminance levels on the working plane, for
differenttypesofareas tovariableand/ordynamic, zoned

120

lighting that is derived from human needs,well-being,the
task, and theperceptionof the space.

4 INTEGRATION WITH OTHER SERVICES

4.1 Whereverpossible,the layout andoperationof
the lighting systemshould bedesignedin conjunction
with other services. This involves dimensional
coordinationwith the building module and positional
coordinationwith the air input andexhaustterminals. The
electricalpowerofthe lamp and control gearcontributes
to the heat inputof a building and allowanceshould be
made for this in the designof the heating andcooling
system.

Air conditioningand lighting may becombinedin such a
way that the return air is exhausted through the luminaires.
This is doneprimarily to:

a) reduce heat radiation from lamps and luminaires;

b) reducetemperatureof the air surroundingthe
lamps thereby increasing their luminous flux and
hencetheir efficacy; and

c) minimize openings in the ceiling to the extent the
air exhaustcan be effected through some
luminaires.

The data (from luminaire manufacturers)concerning
luminairesfor use in anintegratedsystem shouldprovide
information on the rate of heat removal, increasein
luminousflux, air distributionand levelofnoise(due to
exhaustair), apartfrom the usual lightingcharacteristics.

5 UGHTING LAYOUTS

5.1 The three main typesof installationare as follows:

a) individual luminaires; ceiling mounted or
suspended,suppliedfrom fixed outletsor from
continuoustrunking or tracks;

b) recessed luminaires, usually modular, which may
be inserted in the falseceiling; and

c) combinationoflocalizedlighting with (a) or (b)
above(sometimesreferredto as task lighting in
conjunctionwith ambient lighting of a lower
level).

Recessedmodular luminaires do not provide any
appreciablelight on the ceiling and may beunsatisfactory
in interiorshaving surfacesof low reflectance.
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6 CHOICE OFliGHTING EQUIPMENT

6.1 The choiceofthelight source and luminaire is made
to meet both functional andarchitecturalrequirements.
Layout is decidedconsideringpartitions(where known
in advance),structuralbeams or waffles in the ceiling,
suspendedceiling (if any), and likely layoutof office
furniture and VDTs. Before the layout is finalized the
integration of the above with the layout of the air
conditioningoutlets and fireprotectionequipmentshould
be verified andadjustmentsmade asrequired.

6.2 The most preferred light sources for general lighting
still remain thefluorescentlamps (T8, T5 and also high
wattageCFLs). Fluorescentlamps offer the user and
designer the best combinationofluminousefficacy, choice
of colour appearance,high colour rendering,and
dimmability. For task andaccentlighting, choices range
from compactfluorescent,low voltagehalogens,ceramic
dischargemetal halides to LEDs.Optical performance
(efficiency, lightdistributionand brightnesscontrol) is a
key criterion in the selectionof luminaires.However,
mechanicalconstruction(especiallysuitability of
mounting),maintainabilityand luminaire design should
also be given dueimportance.A variety of designs in
luminaires are available to choose from,dependingon the
placeof installationand theeconomics.Modernmaterial
technologynow makes itpossibleto strike an optimal
balancebetweentechnical performanceand visual
aesthetics.

7 VISUAL TASK REQUIREMENTS

7.1 In modern offices, theactivity is not restrictedto
reading alone. Therefore, a good balance must be achieved
between the lighting level in the task area (mostly where
reading and computerrelated work is done) and the
surroundingarea. The lighting level in the task area is
governedby the size of the print, contrastwith the
background and the viewing duration. Visual performance
is high when the task size is large, thecontrastis high and
viewing duration is long. The levelof illuminance required
is alsorelatedto the ageof the occupants,higher levels
for more aged persons, but increase beyond a certain level
will not be correspondinglybeneficial. It may not be
possible for adesignerto havepreciseinput in regard to
all these parameters and thereforereasonableassumptions
based onexperiencearerequiredto be made.

7.2 An averagehorizontalilluminancefor task area, as
per IS 3646(PartI) is 300~500-750, dependingon the
criticality of the task, and the ambient conditions.
Internationalguidelinesnow allow lower lighting levels
in the surroundingareas,which allow energysaving
options but also maintain goodadaptation.

Where thepreciserequirementsof partitionsare known,
fixed lighting and individual or group switching
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arrangementsmay beinstalledaccordingly. In an open
plan office, a lower illuminance value than the above can
beadoptedfor the general office area,supplementedwith
specifictask lighting as may be necessary. Where the area
is large with different task lighting requirements, a lighting
systemwith local dimming or multi-level switching
facility at specificpointsmaybe adopted.In the caseof
office rooms (asdistinctfrom office halls), it isexpected
that the generalillumination itself is likely to providethe
requiredtask illumination. If, however, thereflectance
of the walls andpartitions is very low in certain rooms,
additionallocalizedtask lighting may be necessary.

Where the layoutof partitionsis unknown orsubjectto
alterationand one is tospeculate,provision should. be
made for a flexibleinstallationthat will allow luminaires
to be placed inproperrelation to any likelyarrangement
of partitioning. This flexibility may be achievedby
introducinglimited redundancy, by either:

a) providing fixed light outlets on a modular system,
sufficient in number toensurethat luminaires
can be located satisfactorily (with minimum
shifting, if at all) irrespectiveofhow the interior
may bepartitioned;or

b) by using linesoftrunkingor lighting track from
which supply to luminairescan betappedas
required.

The above method (a) can bearrangedfor group
and/orindividual switchingof luminairesas required.

7.3 Whereasgoodhorizontalilluminanceis necessary
for the tasksofwriting or reading, verticalilluminanceis
essential forpresentinga true andpleasingappearance
of the interiorsandoccupants.This may beprovidedby
the choiceof appropriateluminaires,and high surface
reflectances.

To createa good lighting ambience, it isimportantthat
there should be a well balanceddistribution of the
luminous flux (andconsequentlylux) betweenthe task
area, walls and ceilings.

The wall illuminanceneeds to beconsideredto ensure
that the walls do not appear dark in relation to the working
plane. With pure downlighting, there is adangerof the
upper walls, especially,appearingdark. Incertainspaces
wall washing may be needed.To achieve a good
luminance balance in a space,the averagewall
illuminance above the working plane, from both the direct
and reflectedcomponents,should be at least 50percent
of the averagehorizontal illuminance on the working
plane. Where these walls may be seenreflectedin any
display screens,care must be taken to avoid bright
scallopsor patchesappearingon the walls, that is,
gradual changes in illuminance will benecessaryon these
walls.
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To prevent the ceiling from appearing dark, the ceiling
average illuminance from both the direct and reflected
components should be at least 30 percentof the average
horizontal illuminance. This could be from the sidesof
surface mounted downlights, from uplighting elements
of suspendedluminaires, from droppedelementsof
recessed downlights or fromsupplementaryuplights. In
large spaces withunusually low ceilings this may be
difficult to achieveand in such circumstances,the
proportionof light on the ceiling should be as high as is
practicable.

7.4 Office lighting for any new office should be done
as for a modem electronic office in which the visual tasks
will include viewing of paper as well as visual display
terminals(VDTs).

reflection like a mirror and can produce patches of very
high brightness on polished floors or table tops and VDT
monitors and may even produce imagesoftheluminaires.
The selectionof table top surfaces as well as the location
ofthe lighting with reference to the directionofviewing is
thus important. Lighting from the sides of the work area
will eliminate reflected glare through the table top from
the normal viewing position.

8.5 Discomfort glare can be minimized by keeping the
light source farther from the lineof sight and also trying
to reduce the areaof brightnessof the source from the
viewing position. This aspectis to be considered
particularly when the space is long, or when the heightof
luminaires above the floor level is rather low. Luminaires
with cut-off distribution or with suitable louvres will be
necessary for such locations.

9 DESIGN ISSUESRELATED ro SPECIFICAREAS
IN OFFICES

9.1 Certain considerationsare useful and may be
necessaryin specific area applicationsin offices, in
addition to compliancewith the generalrequirements
brought out so far.

The illuminance and its distribution on the task area and
the surrounding area have a great impact on how quickly,
safely and comfortably a personperceivesand carries
out the visual task.

Rangesof useful reflectancesfor the major interior
surfaces are:

a) ceiling: 0.6 to 0.9;

b) walls: 0.3 to 0.8;

c) workingplanes:0.2 to 0.6; and

d) floor:0.1 to 0.5.

The illuminance of immediate surrounding areas shall be
related to theilluminance of the task area and should
provide a well balanced luminance distribution in the field
of view.

Large spatial variations in illuminances around the task
area may lead to visual stress and discomfort.

It is important to keep a balance between task illuminance
and its surrounding areas{seeTable I).

Table 1RelationBetween TaskIlluminanceand
llIuminanceofImmediateSurroundingArea

(CZause9.1)

8. VISUAL ENVIRONMENT REQUIREMENTS

8.1 A good visual environment is necessary for creating
the required subjective impression about the space both
to the short time and long time users. Broadly, colour
contrast and luminance distribution pattern are the two
basic factors which influence the resultantvisual
environment.For instanceeven where there are no
prolongedvisual tasks to beperformed,variations in
luminance and colour can contribute towards an attractive
interior environment in areas like lounges, corridors and
conference rooms.

8.2 The colour appearance is dictated by the spectral
power distribution (SPD)ofthelight source and the colour
of the reflecting surfaces(walls, partitions, ceilings,
furnishings, etc). While considering the SPD it may be
kept in view that a correlated colour temperature (CCT)
upto 3 000 K will provide a warm environment and above
5 000 K a cool environment. The range between the two
will tend towards neutral colours.A CCT of about 4 000 K
will be suitable for integrating the artificial lighting with
daylighting. In modemoffices, and as percurrent
internationalguidelines, lamps with a Ra > 80 are
recommended. Coordination with the interior designer is
especiallyimportant in these areas so as to make the
lighting really effective and lively.

8.3 Viewing conditions inside an office space are
influencedvery much by the finishes and furnishings.
Interior finishes and furnishings should have reflectances
ofnot less than 70 percent for ceilings and 50percentfor
walls. Dark coloured floors,furnishingsand curtains,
wooden panelling, etc, should be avoided as these will
absorbthe incident light and the resultantsurface
luminance will be poor. In such cases, especially on walls,
additionallighting will have to be directed. Where it is
desired to use bright colours their effect will be enhanced
by directing extra light withappropriateSPD onto them.

8.4 It is very necessarythat glare isavoidedfrom
lighting. A glossy surface will causeveiling specular
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Task illuminance (lux)

surroundingareas(lux)

? 750

500

300

Uniformity: ? 0.7

Illuminance of immediate

500

300

200

Uniformity: ? 0.5

NATIONAL LIGHTING CODE



SP 72 : 2010

Table2 LuminanceLimits of Luminaireswhichcan
beReflectedin theScreen

(Clause 10.2)

Table 2below gives the limitsof the averageluminaire
luminanceat elevationanglesof 65° and above from the
downwardvertical, radially aroundthe luminaires for
work placeswheredisplay screens, which arevertical or
inclinedup to 15° tilt angle, are used. .

NOTE - For certain specialplaces using, forexample,
sensitivescreensor variable inclination, the above
luminancelimits should be applied for lower elevation
angles (for example,55°) of the luminaire.

For theceiling not to appear dark, it isrecommendedthat
the averageilluminanceon the ceiling (from direct and
reflected component)be at least 30 percentof the
horizontalilluminanceof the task areas. In largespaces,
especiallywith ceiling heights less than 2.4 m andusing
only recesseddirect luminaires, it may be veryhard to
achieve.In such instancesa combinationof dropped
lensesand additional uplighting elementsshould be
considered.Also, it is preferablethat the average
illuminance on the walls is 50 percentof the task
illuminance.

Finally, lighting in offices shouldbe sustainableand aim
to optimize energyusage bylinking or integratingwith
daylight,movementsensors and manymodemdayenergy
saving equipment.At the sametime it should create
exuberanceand acomfortablevisual environmentand
meet the visual requirementsof lighting levels as per
standardsas well.

10 UGIITING FORVISUAL DISPLAY TERMINALS
(VDTS)

10.1 The aspectsof the visualenvironmentwhich are
likely to causeproblemsfor VDT operatorsare basically:

a) Thereflectionofhigh luminancesurfaceson the
monitor screen; and

b) An excessiverange ofluminanc{ewithin the field
of view especiallybetweenthe screenand
documentson the desk.

High luminancereflectionsoccurringon the VDT screen
can havedisturbing effects. First they canreducethe
contrastof the charactersmaking up the display which
may make some partsdifficult to read. The mostcommon
sourcesofhighluminancein aninteriorarewindowsand
luminaires. Whiteclothing worn by theoperatorseated
immediatelyin front of the VDT may also at times be a
high luminancesource.

The VDT and, in somecircumstances,the keyboardmay
suffer from reflectionscausingdisability and discomfort
glare.It is thereforenecessaryto select, locate and arrange
the luminairesto avoid highbrightnessreflections.

Thedesignershalldeterminetheoffendingmountingzone
and shallchooseequipmentandplanmountingpositions
which will cause nodisturbingreflections.

Controlling the shielding angle and luminanceof the
luminaire is an important factor to control direct and
reflectedglare. It is important to note thatwhen either
direct lighting or low luminanceluminairesare used, the
surfacereflectanceof the walls,ceiling and floor should
be moderateor high if an impressionof gloom is to be
avoided.

10.2 LuminaireLuminanceLimits with DownwardFlux

The following are the luminance limits for luminaires which
may be reflectedin DSE screensfor normal viewing
directions.

Screen Class

ScreenQuality

Average luminancesof
luminaireswhich are
reflectedin the screen

II

Good Medium

:'0 I 000 cd1m2

III

Poor

2:: 200 cd1m2
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fllumination Engineeringand LuminairesSectionalCommittee,ET 24

FOREWORD

.Educationalfacilities in the contextoflighting, refers tobuildingsof educationalinstitutionsfrom schoollevel to the
university level, coveringnot only the classrooms,but alsolaboratories,libraries,gymnasiums,multipurposehalls,
circulationspacesetc, forming partof the institutionalcampus. The visual taskrequirementsaredifferent in eachof
thesespacesand the lightingschemeis designed,consideringthese in detail for each area. The lighting systemshould
be designedand installed for good visualcomfort to both studentsand instructors.New teachingaids andvideo
displayterminals(VDTs) are beingintroducedgradually. These should also beconsideredfor new lightinginstallations.

The following Indian Standardsare necessaryadjunctsto this section.

IS No.

2672:1966

6665:1972

Title

Codeofpracticefor library lighting

Codeofpracticefor industrial lighting
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PART 5INTERIOR-ILLUMINATION
Section3 Ligh1ing for EducationalFacilities

1. SCOPE

This sectioncoversthe principlesandpracticesgoverning
good visual environment for education. It also
recommendsthe level of illumination and quality
requirementsto be achievedby generalprinciples of
lighting.

2. TERMINOLOGY

Thedefinitionsof the terms used in thissectionaregiven
in Part I of this code.

3. VISUAL TASK REQUIREMENTS

3.1 The primary activity for a studentis readingand
writing. Thesemay range fromeasytasksofreadingclear
and boldprintedmatterto moredifficult ones likepencil
writing, maps orgraphsheetwork. Theremay also be fine
and detailed work such as art work, needle work, dissection
activity in biology laboratory, etc. The difficult tasks would
needhigherlevelsof illumination.

3.2 The studentsmay have to look up at theboard
from adistancewhile theteacherwill be requiredto have
a generalsurveillanceof the whole class whileteaching.
Suchdistantviewing calls for a good levelof illumination,
consideringalso that the illuminance requirement
increaseswith age.

3.3 Theilluminancerequiredis governedby the sizeof
the object to be seen,contrastand period of viewing.
Generallyan illuminancelevel of300 lux (horizontal)is
consideredadequate for teaching areas, 100 lux incorridors
and 200 lux ingymnasiums.Higherilluminanceshould be
providedfor moreexactingvisual tasks bysupplementary
localised lighting. Where tasks withdifferentrequirements
are to beperformedat thesametime in aspace,the level
of illuminanceshouldsatisfythe mostdemandingtask. If
this calls forexcessivelevels, then levels lower thanthose
may beadopted,with localized supplementarylighting
for specific tasks requiring higher levels (Example: drafting
tables,chalk board,etc).

3.4 Illumination inthe vertical plane is required for good
viewing conditions,especiallyon chalk boards,display
charts, etc. In many applications,this requirementis
automaticallysatisfiedby the sourcemeantfor general
(horizontalplane)lighting. Supplementarylocal lighting
will howeverbe neededin certaincases. Forexample,
corridors,which not onlyserveaspassageareas, but may
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also be used fordisplayof bulletins,charts,postersand
notices,etc, and local lighting has to supplementthe
generalcorridorlighting.

3.5 In areaswhere colour rendition is an important
parameter(for example,art rooms and chemistry
laboratories)thesourceshould beselectedfor a high CRI
(above75). Fluorescentlamps are mostcommonlyused
for indoor applications.HID lamps can be used in
gymnasiumhalls wherecolour is not that important.

3.6 In rooms where VDTs are in place,consideration
for such areasshouldbe given asindicatedin the section
on office lighting, for good visual comfort, free from
reflectedglare.

4 VISUAL ENVIRONMENTAL REQUIREMENTS

4.1 A studenthas to look atvariousobjectswith close
attentionfor a long duration.Therewould berequirements
of both nearbyand faroffviewing alternately.Where the
eyes arerequiredto adapt tovastly different luminances
for short durationsat frequent intervalsone is likely to
experiencediscomfort and fatigue. In order that such
viewing is without discomfort, the visual environment
should be good. The aspectsdiscussedhereunder
contributetowardsthis.

4.2 Walls should have areflectanceof40 to 60 percent,
ceiling70 to 90percentand flooring over 25percent,so as
to providea comfortableluminancepattern.

4.3 For agood visual adaptation,the lighting system
and the environmentshould be coordinatedso as to
achievethe following end results:

a) Luminanceofdesk top,immediatelyadjacentto
the task must notexceedthe taskluminance,nor
be belowonethird of the same;

b) No surface in view should have a luminance lower
than one thirdof the taskluminance;and

c) Luminanceof any surfacein view should not
exceed5 times the taskluminance.

4.4 Direct glarefrom the lighting shouldbe avoided,
as studentswill often have to look acrossthe room,
shifting their view fromtheir desks atfrequentintervals.
Luminairesshouldhave a limitedbrightnessfrom normal
anglesof viewing. The ceiling shouldbe bright enough
to allow the luminairesto be seenagainsta comfortably
bright backgroundenvironment.
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4.5 Objects in critical view, namely, boards,paper
(books), etc, need special attention for visual comfort.
White chalk over black boardsand dark marking pens
over white boards,ensurea high contrast.Paperusedin
books,notebooks,etc, shouldbe opaqueand matt; shiny
sheetsurfacesshouldbe avoided.Printedmattershould
haveliberal spacingbetweenlines, and print sizeshould
not be very small. All theseaspectscontributeto good
seeingconditions.

4.6 Mostof the classroomshavewindows,bringing in
substantialdaylight. Direct sunlight shouldbe prevented
insidethe classrooms.Glareshouldbe avoidedfrom the
windows,while getting the benefitof daylighting. These
requirementsare metthroughsuitableprovisionofexterior
architecturalappendagessuch asshades,blinds, louvres
or bafflesandroofoverhangsand also byproperorientation
ofthebuilding.Daylight itselfis avariablesourceand needs
to be supplementedwith an electric lighting systemwith
necessaryswitching arrangements.

4.7 In lecturetheatresin colleges,{wheretheroomsizes
are largercomparedto schools)attentionshouldbe given
for unobstructedviewing and dimming of lights for the
use of variousvisual aids. Thisdimming facility may be
neededin large halls wherevisual aids are likely to be
used, and alsowherepracticalexperimentsareconducted.

5 UBRARY AND READING ROOM

5.1 General

5.1.1 The library is an importantareain an educational
complex,which requiresdetailedconsideration.General
reading,both casualand sustainedof a wide variety of
printing types and styles, examinationof drawingsand
maps, writing, etc, areamongthemorecommonvisual tasks
thatwill be encounteredin a library. The accommodation
may range from the small private library,modestlyequipped,
to the largetown or countrylibrary with a multiplicity of
requirements.The lattermay includegramophonerecords
and picture loan departmentsnecessitatingthe critical
examinationof items returnedby users.

5.1.2 The lighting should be of very high quality since
printedillustrativematterinvolvesveiling reflectionsfrom
overheadlighting; specialcare should be taken to use
lighting equipmentthatwill minimizethe concentrationof
the light directly downwardwhich in tumcausesreduction
of contrast.As in the caseof offices, particularattention
shouldbepaidto theavoidanceofdirectand indirectglare,
and the useof decorationsand furnishings with a non
glossfinish is recommended. .

5.2 Installation

5.2.1 Modern ideason library design favour the open
planwith provisionfor rearrangementoffurnitureasneeds
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change.Thereis muchto besaid,therefore,for a general
lighting systemdesignedspecifically to avoid the need
for providinglocal lighting oftablesanddesks.In practice,
it is not alwayspossibleto do this as thepositioningof
the luminairesand thegeneraldistributionmay bedictated
by the form of the building and the predetermined
arrangementsof book stacksand tables, and often a
compromisehas to beaccepted.

5.2.2 Continuous line sources, such as tubular
fluorescentlamps,housedin louveredluminaireswhich
control the light so as tominimize glare when looking
alongthe aisle, is acommonlyadoptedand goodmethod.
The luminairesshouldbe mountedcentrallybetweenthe
stacksat aheightthatdoesnot interferewith the removal
of books.Dependingon the layoutand frequencyofuse,
it may beadvisableto install local switchingfor eachrow
ofbookstackluminaires.

5.2.3 In referenceroomsand readingroomswhich are
infrequentlyfully occupied,local lighting combinedwith
general lighting giving a lower illuminance may be an
economicsolution.A furtherexceptionis in bookstorage
areaswhere restrictedheight and width of aisles may
necessitatea systemof lighting more directly relatedto
the individual book stacks.

5.2.4 If local luminairesare used,their positioningwill
be largelyinfluencedby the designofthe desksandtables
and thephysicalsize ofthe literatureto beread.Particular
attentionshouldbe paidto avoidingdirectglare.Reflected
glare fromglossypaperwill be minimizedifthe luminaires
are placedon eachside of the readerrather than.being
mounteddirectly in front of the reader.

5.2.5 Indirect lighting by meansof concealedlamps,
placedon thetopsofsymmetricallyarrangedbookstacks,
is sometimesadopted,as itavoidsthe presenceofvisible
luminaires.Unlessaugmentedwith local lighting, however,
runningcosts(energyandmaintenance)will be relatively
high and theceiling may becomea sourceof discomfort
glareor distraction.

5.3 BookStacks

5.3.1 Sinceit is necessaryto identify booksby number
and authoron bookspines,the visual task in bookstacks
may be difficult. Perimeterbook stacks locatedaround
the walls of readingroomsare usuallyilluminatedby the
generallighting systemoftheroom, and stacksalongthe
centreof the aislesare illuminatedby continuousrows,of
fluorescent luminaires with specially designed
distributions.

5.3.2 Althoughthe visualtaskencounteredin bookstack
areasis relativelysimple,factorssuchas-labelling,lettering
and book positioning may affect easeof-seeing.The
restrictedwidth of the aislebetweenthe stacks'makesthe
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achievementof constantilluminancefrom top to bottom
of shelving impracticable.The material or finishof the
shelving and the floor covering should beofa light colour
to help interrefJectionoflight atthebottomofthe stack. If
the minimum illuminance on the vertical plane is about 50
lux, however, and the luminance contrast between the book
titles and theirbackgroundis good, visualperformance
will be ofanacceptablestandard.For bookshelvesa high
level of illumination in the vertical plane isparamount
since studentshave atendencyto leaf over or read a
book at thebookshelf.This should beapplicableup to
the bottommostshelfand hence the work plane should
be taken at floor level fordesigninga lighting scheme.

5.4 The above gives the general guidelinesto be
followed in designing the lighting for libraries. For further
detailsregardingprinciplesandpracticesgoverninggood
lighting, referenceshould be made to IS2672:1966.

6 LABORATORIES

6.1 These involve laboratory tables or benches at which
very detailedwork iscarriedout indissection,inspection
of reactions,instrumentationand measurement.Good
diffusion with some directional componentand
appropriatecolourquality is required.Localisedlighting
may beneededif the building design(window sizes,
orientation, etc) so demands;and theseshould be
coordinatedwith users.

6.2 In laboratories where chemical analysis is done or
where the presenceof corrosive fumes andvapour is
expected, it is recommended to use luminaires which are
able to withstandthe illeffectsofthe chemical fumes present
in the atmosphere. Alternatively, paintingof the body and
supports should be done with anticorrosive paint.

6.3 Provisionin the formofconvenientoutlets should
be kept for portable lighting equipmentrequired for
microscopework and inreadingprecisioninstrumentand
meters.

6.4 In electronicslaboratoriescare should be taken to
provide for suitable filter circuits in fluorescentlamp
luminaires for radiofrequencysuppression.

7 AUDITORIUM

7.1 General

The auditoriumserves as anassemblyand lecture hall,
study room, theatre,concerthall and for manyother
activities.Becauseof this, it should be wellplannedand
properlyequippedto satisfy therequirementsof all the
functions. From general lighting to supplementary
illumination, care should be taken to provide good lighting
which should blend well with thearchitectureand at the
same time avoidveiling reflections. In particular due
considerationshould be given asindicatedin 7.2 and 7.3.
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7.2 SpecificAreasin an Auditorium

7.2.1 Foyer

Usuallya restful, subduedatmosphereis desirable in the
foyer. Illumination from large, low luminance elements,
such as coves, is one good method. Wall lighting and
accents onpaintings,postersand plants areimportantin
developingatmosphere.Care must be taken so that light
does not spill into theauditorium.

7.2.2 Seating Area

The seating areas should beprovidedwith well diffused
comfortable illumination. Luminaires for the basic
illumination may include generaldownlights, coves,
curtain and mural lights.Supplementaryillumination,
preferablyby adownlightingsystem should beprovided
evenlyover the seats since theseatingarea is also used
for visual tasks and this should becontrolledseparately.
All these lights should be under dimmer control.

7.2.3 Stage Area

Properlighting for dramaticpresentationextends beyond
visibility to the achievementof artistic composition,
productionof mood effects, and therevelationof forms
as threedimensional.Thesefunctions of stage lighting
result from the manipulationof various qualities,
quantities,coloursanddirectionsoflights and these vary
from oneperformanceto the next and evencontinually
throughouta singleperformance.The layout is affected
by the amount and kindof use planned for the theatre.

7.3 Control System

Dimming facilities should be made available for an
auditorium even if it housesa small stage. Wherever
dimming facilities arerequired,the illumination should
preferablybe designedincorporatingGLS light sources.
Selectionof dimmersshould, however, bedecidedon
budget andsimplicity requirements.Dimmers have been
constructedusing autotransformers(manual and motor
driven), thyratrons, saturable reactors, magnetic amplifiers
andthyristers(SCRs), etc.

Care should be taken indesigningthearrangementwhich
shouldenablea group or groupsoflights to becontrolled
in specificareaswheneverrequired.

Emergency lighting isessential in any auditorium be it small
or big. It should be ensured that all aisle lights, lights for
steps and lights provided at the rearofthe seating area are
connected to theemergencycircuit. Besides, exit lights
should be provided at every access to guide the audience
towards the exits in the eventofa power failure.

It is not uncommonto use themultipurposehall as a
gymnasiumespeciallyin small institutions. While the
general lighting level need not be high for this
application, there should not be glare from the light
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source. When used for indoor games, lighting as
recommendedfor the type of sports activity should be
provided. See Part 6, Section 6ofthiscode for more details
on sportslighting.

8 STAFFROOMS

The staff room is a place whereteachersassemble for
discussions,study or rest during recessperiods.These
rooms should have generalillumination for performing
visual tasks likereadingand writing (correctingpapers
and notebooks).

The switchingarrangementshould be such that a group
oflights may be switchedoff for asubduedlevel (say 200
lux) whenever the occupants wish to relax.Supplementary
local lighting should beprovidedat the sideof the user in
the formofa table lamp or wall lamp so that anindividual
could continuewith his/her workwithout disturbingthe
others who may relax at the same time.

9 LIGHTING CRITERIA FOR VISUAL
PERFORMANCE AND COMFORT IN
EDUCATIONAL INSTITUTIONS

9.1 General

The detailed design of the artificial lighting should
commencewith a close studyoftherangeofvisual tasks
that occur in school andcollegebuildings. Thesemay
range from normal reading and writing, to close and
detailed work such as dissection in biology, fine
needleworkor technicaldrawing.

Each teaching room may be used inmany ways, sometimes
with all the groupsworking on different activities. The
room is normallyplannedto allow for thisvarietyofuse,
and the lighting should bearrangedto give anadequate
generalilluminanceover the wholeoftheroom including
the walls. Local lighting, as necessary, onchalkboards,
display areas and fixed workingpositions,that are at a
distancefrom the windows will also berequired.

Lighting for classroomsshould beevaluatedin termsof
the effects on students and their performance. Specifically,
the lighting inclassroomswill have bearingon:

a) Ability to see visual tasks with speedand
accuracy;

b) Visual comfort; and

c) Visualpleasantnessofaspace in which to study
and work.

9.2Illumination

An illuminanceof 300 lux isrecommendedfor teaching
areas.Higher luminanceshould beprovided for more
exacting visual tasks, for example, 500 lux for laboratories.
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9.3 Quality oflighting

9.3.1 Specialattentionshould be given todesigningfor
visual comfort.Direct glare from the lighting should be
avoided, asstudentswill often have to look across the
room, as well as down at their desks.Luminairesshould
have a limitedbrightnessfrom normal anglesof views,
and ceilings should be bright enoughto allow the
luminaires to be seenagainsta light background.

The interior needs to betreatedon its own merits. Full
details of the proposeddisplay should beavailableto
ensurethe adoptionof efficient lighting techniques.
General lighting using tubular fluorescentlamps and
accent lighting usingtungstenfilament lamps will meet
the requirementsof most freestandingdisplays. Wiring
systemsshould preferablybe of a flexible nature to
facilitate changes inexhibit layout andconsequentlythe
installationofluminairetrack systems may be appropriate.

10 GENERALAREAS

10.1 LectureRooms

A comfortablegeneral system which is flexible enough to
provide a moderatelyhigh level for general use and a
subduedlevel for use during projection or special
demonstrationsshould beprovidedfor a typical lecture
room. Specialchalkboardlighting significantlyimproves
visibility and attentionpowers.

10.2 Corridors

Corridors in educationalinstitutions not only serve as
mere passage ortransitionareas, but also are used to put
up displays, bulletin boards, wallmagazines, posters,
notices, etc. Special lighting should, therefore, be provided
in addition to a good general lighting to enhance the visual
vitality of suchcorridors.

11 SPECIFIC AREAS

11.1 Art Rooms

As colour isimportanthere, light sources with high colour
renderingcapabilityshouldbe used to bring out a more
natural appearanceof colours over a wide range.
Supplementarylighting from directional concentrating
sourcesshould be used on displays and models for
improved visibility and for modellingpurposes.

11.2 Workshops

Lighting in workshopsshould not onlyprovidenecessary
quantityandquality of illumination requiredfor optimal
performanceof a given task, but should also be an aid to
safetyof the personnel.For guidanceregardinggeneral
features and factorsinfluencing good lighting practices
for workshops, reference should be made to IS 6665:1972.

NOTE - Furtherdetails onindustrial lighting are given
in Part 5, Section 1 of this code.
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11.3 Gymnasiums

A gymnasium is a multipurpose as well as multi-sport area,
servinga variety of needsof the studentbody and the
community in general, including such activities as
assemblies,concertsand dances.Besidesa good general
illumination, use of portable temporaryauxiliary
equipmentshould be made wherever creationof mood
or atmosphereis theobjective.

Wire guardsor other means of protectionshould be
provided on the luminaires topreventbreakage, because
the luminaires in a gymnasium are vulnerable to flying
balls, shuttles, etc, used in aerial sports played inside a
gymnasium.

The openings in the luminaires for use in gymnasiums
can presentseriousproblems.Similarly improperly
located luminaires and unshielded fenestration could be
hazardous.

11.4 Cafeterias and Kitchens

In eating areasthe lighting should createa cheerful,
comfortablearea.Dining areas are frequently used for
other activities and when so used thelighting should
provide levelsof illumination recommendedfor the task.
Where theappearanceof food isof prime consideration,
as in the cafeteria,pleasantcolours and appropriate
sources should be used.Additional incandescentlighting
may be used over the servingcounterto give good eye
appeal, provide heat and to speed up the selectionoffood.

Good general lighting is needed in the kitchenespecially
at ranges, work tables and sinks to assurecleanliness,
safety and goodhousekeeping.

12 DAYLIGlIT CONSIDERATIONS

12.1 Specialattentionshould be paid to the locationof
windows and openings ineducationalinstitutions which
allow in a goodamountof daylight, while designinga
lighting systemfor any of the areasspecified in this
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sectionof the code.Illumination should, however, be
planned for night time useconsideringthe various factors
like evening classes,topographyof the institution (for
example, for an institution located in the eastern part of
India, where the sun sets much earlier), climatic
conditionsof the place where the institution is located
(for example, places where monsoons areprolongedor
places in the northern partof India where till noon the
sun remains hidden due to heavy fog during winter). Then
in order to effect energy saving in the event of sufficient
daylight filteringthroughthe openings, dueconsideration
should be given toswitching arrangementsso that an
array of lights close to the windows could be switchedoff
to extract theadvantagesof natural light.

13 RECOMMENDED IU..UMINATION LEVELS AND
GLARElNDEX

13.1 The levels of il1umination and glare index
recommendedfor the different areas'in educational
institutions are given below:

Areas lIlumination (lux) Glare Index

a) Classrooms 300 16

b) Lecture rooms 300 16
(including)
Demonstration areas)

c) Reading rooms 150 to 300 19

d) Laboratories 300 16

e) Corridors 70

f) Libraries 300 16

g) Auditorium

i) Hall 70

ii) Foyer 70

iii) Stage area 300 16

h) Gymnasiums 150

j) Cafeterias 100

k) StaffRooms 150
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Illumination EngineeringandLuminairesSectionalCommittee,ET 24

FOREWORD

Title

Electrotechnicalvocabulary:Part16Lighting,
Section1 Generalaspects

Codeofpracticefor interior illumination: Part 1General
requirementsandrecommendationsfor working
interiors(FirstRevision)

1885(Part 16/Sec 1):1968

3646(part 1):1992

Complexrequirementsofhospitalsboth by thenatureoftheir constructionand thediverseneedsof userscomplicate
the lightingproblem.Manyofthe areas arehighly specializedin nature.Theseareoperationtheatres,clinics, treatment
rooms and wards, wherespeciallighting techniquesand fittings will berequiredto achievethe desired standardof
lighting, hygiene,electrical safety, reliability and easeof maintenance.Some areas(suchas kitchens,offices and
laboratories)have the samelighting requirementsasof similar areas in otherbuildings.

Provisionofagood lighting system calls forcoordinationfrom the initial stagesamongthe variouspartiesconcerned,
namely, thearchitect,the medicalconsultantand theillumination engineer.Therefore,it is essentialthat information
regardinglighting shouldbe exchangedbetweenthe partiesfrom the stageof planningto installation.

The following Indian Standardsare necessaryadjunctsto this section.

IS No.
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NATIONAL LIGHTING CODE

PART 5INTERIORILLUMINATION
Section4 HospitalLighting

1. SCOPE

This sectionofthe code covers the principles and practices
governinggood lightingof hospitals. Itrecommendsthe
levelsof illumination to be achieved by generalprinciples
oflighting.

NOTE - General aspectsof interior lighting, including
assessmentof glare, are dealt with in IS3646(PartI).

2. TERMINOLOGY

For the purposeof this section thedefinitions given in
Part 1of this code, IS1885(Part16/Sec 1) and IS 3646
(Part 1) shall apply.

3. GENERAL

3.1 The complex nature of a hospital layout and its
requirementintroducesconflicting considerations
that have to be reconciled. For convenience,the
accommodationcan be divided into four main groups:

a) Roomsoccupiedby the patients,for example,
wards, day spaces for the sick and visiting rooms;

b) Special rooms, for example,operationtheatres,
recovery rooms, diagnostic centers, laboratories,
and examination rooms;

c) Service areas, for example, kitchen and dining
rooms, sterilizing rooms, laundry and
maintenancerooms; and

d) Administrationrooms, for example, offices.

4 LIGHTING OF PATIENTS' ROOMS

4.1 General

The patients'rooms in a hospital oftenaccountfor more
than half of the useful floor space.The lighting of
patients'rooms isof great importanceand has to satisfy
the needsof the patientsas well as thoseof the medical
and nursing staff. Moreover, the total lighting effect
should be such as tocontributeto the general decor and
should be freeofglare to therecumbentpatient.

4.2 Lighting for theWards

4.2.1 For the patients in the wards the lighting should
create a cozy andpleasantatmosphere.Illumination level
shall be as specified in IS 3646(Part 1). Someofthe patients
may like to sleepbeforethescheduledtime of' lights out'
for which a provision shall be made forswitching off
and/or dimmingof the lights.
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4.2.2 Apart fromgenerallighting, individual patients
should be provided with additional lighting for any
occasionalreadingor other handiwork that they may
choose to do. This should be in the formof bed head
lights which can be switched on or off by the patients
themselves. These lights alsocontributeto the general
appearanceof the wards bybreakingthe monotonous
uniformity that will result from the general lighting.

4.2.3 It may also becomenecessaryunder certain
emergencies to examine thepatientin the warditself for
which an additional examinationlight capableof
achieving 500 to 1 000 lux may beprovided.

4.2.4 At night after'lights out' the wards cannot be left
in complete darkness. The nursingstaffshould be able to
take in the ward at a glance to satisfythemselvesthat
everythingis all right. Thosepatientswho can move
should also be able to make their way to the lavatory. A
night lighting system which gives enoughillumination
(about 1 lux) for thispurposebut which does not disturb
the sleeping patients is also, therefore, necessary in a ward.

4.2.5 The lightinginstallationin a ward,therefore,calls
for:

a) general lighting;

b) readinglamps;

c) examinationlighting; and

d) night lighting.

4.2.6 Lighting for the Medical and NursingStaff

This lighting is mainlyutilitarian for the staff so that it
should be adequateto enablethem to carry out their
routine tasks, such as,readingthermometers,making
charts, andattending-patients.A level of illumination as
specified in IS3646(Part1) shall be provided. However,
provision should be made for switching off and/or
dimming someofthe lights for thepatients'comfort.

4.3 MaternityDepartment

4.3.1 NurseryLighting

Nursery lighting should be subjectedto the same
recommendationsas for ward lighting. Lightingofrooms
ofa special baby care suite may be similar as for nurseries.

4.3.2 Luminaire Design

The mechanical and electrical designofluminairesshould
take accountofthe high ambient temperatures and relative
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humidity experiencedin roomsof the specialbabycare
suite.

4.4 PhysiotherapyDepartment

4.4.1 Special lighting applicableto this department
shouldhavethe following averageillumination levelsat
0.8 mabovethe floor:

Gymnasium 100 lux; and

Hydrotherapy 100 lux.

It should bebornein mind thatilluminationwill be required
to the bottomof the bath or pool used forhydrotherapy.

4.5 Installation

The mountingheightofthe luminaires, for general lighting,
should be determinedby the geometryof the viewing
angleand theprovision for upward light. In wards3 m
high and greater,it will usually be possibleto suspend
luminairesfrom theceiling,but inwardsoflessthan 2.5 m
in height, recessedor surfacemounted luminaires are
recommended.It is now generallypossibleto light a multi-
bed ward by the useof wall mountedluminairesalone
using their indirectcomponentfor the aisle.

4.6 BedHead

A bed headluminaireshouldbe mountedover each bed
and becapableofbeingcontrolledby thepatientin such
a waythat adequateillumination is providedon reading
matter, forexample,withoutcausingvisualdiscomfortto
otherpatients.The luminaireshouldbedesignedto allow
for reading,whethera patientis sitting up or lying down,
and it should be capableof being swung back to allow
bedsand apparatusto be moved.To permit continuous
and adequate observationof seriouslyill patients,after
the generallighting is switchedoff, provisionshouldbe
made for night watch lighting. The most convenient
arrangementis anadditionalsmall wattagelamp housed
in the bed headluminaireor adimmingcircuit controlling
the normal reading lamp. An illuminance of 5 lux is
consideredadequatefor this purpose.

4.7 Consistentwith the above broad requirements,
recommendationsas tohow thesecould be achievedare
givenbelow.

4.7.1 General and Reading Lighting

The following two systemsare possible:

a) Generallighting is providedby pendantfittings
hanging from the middle of the ceiling and
having an indirect or direct light distribution.
Readinglighting is providedby a smallbedside
luminairefixed to the wallbehindthe bed; and

b) In theothersystemboth thegenerallighting and
readinglighting elementsareincorporatedin the
sameluminairefixed on the wallabovethe beds.
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4.7.1.1 In both the systemsthe general lighting is
controlledfrom a centralpoint and thereadinglights by
the individual patients.

4.7.2 Examination Lighting

It is never satisfactoryto use thereading lamp as an
examinationlamp also..Whethera separateexamination
lamp is to beprovided at eachbed will dependon the
frequencyof its likely use. Where such use is only
occasional,a good solution will be to have a mobile
examination lamp that can be wheeledalong and
connectedto a wall socketby the bedside.

4.7.3 NightLighting

A satisfactorynight lighting systemcan beprovidedby a
numberof small luminaires (with low wattage lamp)
recessedinto the wall at a heightof about30 emabove
the floor level. Efforts should be made to screenthe
luminaireto avoid directglare.

4.8 Glare

The glare in hospital wards should be limited, on the
assumptionthat thepatientmay get adirect view of the
luminairewhen in arecumbentposition.

With the exceptionof recessedluminairesthe amountof
light directedon to theceiling by any luminaireshould,
in general,be between40 percentand 10percentof its
total light output. The luminaires selectedshould not
harbourdustand shouldbe easyto clean.

5 LIGHTING OF SPECIAL ROOMS

5.1 OperationTheatre

5.1.1 General

The mainvisualproblemsare thedetailedexaminationof
humantissueandorgansand themanipulationofsurgical
instrumentsat the siteof the operation.

The sizeofcritical detail can beexceedinglysmall and the
contrastvery low. Tile required illuminance ranges
between 10 000 lux and 50 000 lux.

Operationtable lighting equipmentcan bedivided into
two main categories:

a) Adjustableluminaires,containingone or more
tungstenfilament lamps, with cantilever
suspensionfrom the ceiling, operatedlocally by
the surgeonor anassistant.Thevastmajority of
luminairesare within this category.They have
the advantageof being simple to control and
easy tomaintainand relamp.Themaincriticisms
are that it is difficult to ensurethat such
luminairesarethoroughlyhygienicand that they
producelocation concentrationof radiantheat;
and
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b) A numberof sealedand adjustableprojectors
installedin the ceilingof the theatreare located
outside so as todirect their light through a
transparentceiling. Theyareoperatedby remote
control and thusrequire skilled manipulation.
Such systemsare highly versatileand arevery
useful in teachinghospitals,as they do not
obscurethe views toobservers.They are more
complexthan (a).

Portablefloor standinglighting equipmentis normally
requiredfor supplementaryuse withsystems(a) and (b).

Provisionshouldbe made for thedimmingofthegeneral
lighting in operationtheatres.To preventinterferenceto
sensitivemedicalequipment,high frequencyfilters and
shielding bondedto earth should be consideredfor
fluorescentlighting in operationtheatres.

To ensurea satisfactorygradationof brightnessbetween
the high illuminanceat the siteof the operationand the
surroundingareas,a minimumgeneralilluminanceonoo
lux is recommendedand this isnormallyadequatefor staff
operatingthe ancillaryequipment.

5.1.2 Other Rooms

The general lighting throughoutthe operationtheatre
suite including recoveryrooms, laboratories,plaster
rooms,endoscopyrooms andanaestheticrooms, should
besimilar in type to thatofthe theatre. Therecoveryroom
requirementsare similar to thosefor the generalwards,
but provision should be made for connectingan
examinationlamp andseparateswitching should allow
the illuminanceovereach bed to beraisedto 400 lux.

In view of the proximity of the anaestheticroom to the
operatingtheatre,a general illuminance of 300 lux is
recommendedwith provision for dimming to enable
anaesthetiststo provide suitable environmental
conditions.Provisionshouldalso bemadefor a fixed or
portablespotlight.

5.1.3 Luminaires

Luminairesshouldmeet therequirementsofhygieneand
shouldbetotallyenclosedto provideadequatemechanical
protectionto the lamp and topreventhot particlesfalling
into the dangerzone in the eventof lamp breakage.

5.1.4 Light Sources

. For the general lighting of the operationtheatresuite,
tubularfluorescentlamps that have thecolourtemperature
about4 000 K and CRIover 90 arerecommended.One
advantagein the useof tubular fluorescentlamps is that
they radiateappreciablyless heat thantungstenfilament
lamps.For lighting theoperationtable,however,tungsten
filament lamps aregenerallypreferredbecauseof their
suitability for opticalcontrol.
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The colourrenderingpropertiesofthelight sourcesshould .
be the same asthoseused for thegenerallighting of the
theatre.Colour renderingof skin and tissue is acritical
aspectof hospital lighting and primary light sources
shouldhave anemissionspectrumthatprovidesclinically
acceptablecolour rendering.

5.2 StandbyLighting

Failureoftheelectricsupplyor lamps during anoperation
may have seriousconsequencesand it is necessary
thereforeto provide a permanent,reliable and safe
emergencylighting systemfor the operationtheatre,
anestheticroom, sterilizingsink andrecoveryrooms.The
emergencylighting oftheoperationtable should be equal
in all respectsto the normal lighting of this area, and
should be of the 'no break' type to ensurecontinuous
illumination.

5.3 AnaestheticRoom

In view of the close associationof this room with the
theatreproper, a general illumination of 300 lux is
recommendedwith provision for a spotlight(which can
be either fixed or portable).The generallighting should
not be directly over the centre of the room but the
luminaires should be designed to provide some illumination
on theceiling. Dimming of the light may berequiredto
enablethe anaesthetistto providesuitableenvironmental
conditions.

5.4 RecoveryRoomandIntensiveCareUnits

The presenceof large quantitiesof other portable
apparatusrendersthe useof portablelighting equipment
undesirable.Generallighting shouldbe installedas in a
normal ward with a separate system to raise the illumination
level up to 400 lux for each bed independently. Thisshould
beprovidedoveranareaon m x 2 mcenteredon the bed
and theluminairedesignsshouldbe such as to limit the
spreadon adjacentbeds. Adimming arrangementof the
individual bed lights should be provided for. Some
discomfort glare to a consciouspatient is unavoidable
under theseconditions, but the recommendedgeneral
lighting will producea bright ceilingwhich will mitigate
this effect.

5.5 HazardousAreas

5.5.1 The zoneofrisk in an areawhereanaestheticgases
are used isdefined as being 1.4 m above the floor and
extendingto aradiusofl.2 m beyondanypointwherean
anaesthetisingmachinemay travel.

5.5.2 Luminairesinstalledeither in or above the zoneof
risk should be totally enclosedto provide adequate
mechanicalprotection to the lamp, and topreventhot
particles falling into the zone in the event of lamp
breakage(otherrequirements,for example,limitation of

NATIONAL liGHTING CODE



glare,provisionfor hosingdown, demandthat the lamps
should be fully enclosed,should also be taken into
considerationwhile selectingthe luminairesin hazardous
areas).

5.5.3 Ballasts, capacitorsand other control gear
associatedwith luminairesshouldbe installedoutsidethe
zoneofrisk. If installedabove the zoneofrisk theyshould
be totally enclosedin incombustiblehousings.

5.6 RadiographDepartment

5.6.1 In the screeningroom due to the necessityof
maintaininglow brightnesslevels,normallyincandescent
lampsof ruby red glass bulbs orfluorescentlamps with
red fluorescentpowderare used. Red ischosenbecause
this colour of light has only little effect on the stateof
adaptationof the eye. In theprocessingroom, 15 watt
dark room lamps, green orreddishbrown dependingon
the film material, are used.

5.6.2 In theviewing room where the radiographsare
studiedand assessed,artificial lighting is usedin the
viewingboxes. Useof fluorescentlampsof about 8 to 10
watts isrecommended.

5.6.3 For thegenerallighting requiredfor thecleaningof
the rooms, for setting up the apparatus, etc, anillumination
of 100 lux isprovidedin all theserooms.

6 'OTHERTREATMENT AND SERVICEROOMS

6.1 The lighting of other treatmentrooms does not
present any special problem. A normal generalillumination
of 200 lux will serve thepurpose.The lighting of service
rooms, such as offices, laboratories, kitchens
and laundries,can be tackled in the sameway as
correspondinginteriors in other buildings [see also
IS 3646(part 1)].
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lux and the lighting level in the ward will beof the orderof
100 lux. Thecorridorsshall have anillumination ofabout
100 lux so that thestaffmovingbetweenthe service rooms
and the wards will gradually adaptthemselvesto the
different illumination levels. But after'lights out' there
will be only night lighting in the wardsand thecorridors
should also beprovidedwith a similar night lighting
arrangement.The serviceroom lighting should also be
reducedto half its value in theevening.

7.3 In the'doublecorridor'or 'racetrack'plan the wards
are placedaroundthe outsideof the building and are
normallydaylighted.In the centreof the building are the
serviceroomswhich will have no access todaylightand
will requireartificial lighting all the times.Duringthe day
the staffwill move betweenthe wardsreceivingdaylight
of500 to 1000 lux and the internal rooms artificially lit to a

. level of 200 lux. Thecorridor shouldbridge these two
levels and anilluminationof 150 lux shall beprovidedin
thecorridorsduring the daytime. In theeveningsthe ward
lighting will fall to 100 lux and thecorridorlighting may be
reducedto the same level.After 'lights out'both the ward
and thecorridor will have night lighting and the service
roomilluminationshall thereforebereducedto about 100
lux which will be just sufficient for the staff to carry on
their normal work and will also reducethe excessive
contrastbetweenthe brightnesslevels in the service
rooms and the wards orcorridors.

8 RECOMMENDEDILLUMINATION VALUESAND
GLARE INDEX

8.1 The levels of illumination and glare index
recommendedfor the different areasin a hospital
accordingto IS 3646(Part1) are given in Table1.

Table1 IlluminationValuesandGlareIndex
(Clause 8.1)

7 CORRIDORLIGHTING

7.1 Corridors in a hospital servea more important
function than inmany other buildings becausethey act
as transitionalareasbetweenthe wards and theservice
rooms andbetweenthe naturally lit and artificially lit
rooms. Doctorsdiscusstheir work with their colleagues
and make notes. Thus thecorridorsact as aworking area.
Corridorsalso fall within the visual rangeof the patients
in the wards andthereforerequirespecialattention.The
artificial lighting to be provided in the corridors will depend
on the architecturallayout adoptedfor the building.
Generallytwo typesoflayoutsare followed.

7.2 In the 'singlecorridor' layout, the wards and the
service rooms are on both sides of the corridor. The
corridor itselfwill have enoughdaylighting. In the evening
the service rooms will have anillumination of about 200

Sl.
No.

(1)

i)

ii)

iii)

iv)

v)

Classification Illumination Limiting
(Lux) Glare Index

(2) (3) (4)

Receptionand 150 16
waiting room

Wards

(a) General 100 134*

(b) Beds 150

Operatingtheaters:

(a) General 300 10

(b) Tables special lighting

Laboratories 300 19

Radiology departments 100

*Care should be taken to screen all bright areas
from view of patients in bed.
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9 LIGHT SOURCES

9.1 The choiceof light sourceis generallya matterof
economy. In hospitals an additional factor comes into play,
especiallyin clinical areas like theoperationtheatresand
post operativewards. This is theeffect of the artificial
lighting on the natural skin colourof the patients. In the
past, most artificial light was producedby tungsten
filament lamps and thedoctorsbecamefamiliar with the
appearanceofpatients in varyingconditionsin this light.
But in view of-the improvedeconomyandadventofnew
technology,new generationenergy efficient lamps are
now beingextensivelyused inimportantinstallationsin
hospitalsso as to have betterelectrical,photometricand
colour renderingproperties.

10 COLOURSIN HOSPITALS

10.1 Colour can play animportant and useful role in
creatingthe desiredatmospherein hospital interiors. It
will be necessarynot only toconsiderthe colourscheme
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design in daylight, but also to find out theeffecton it of
the lightsourceto be used. A well chosencolourscheme
can alsosupportthe effectof the lighting by increasing
or decreasingthe effect of contrast.Dependingon the
use to which the room is to be put, acorrectcombination
oflight andcolourcanresultin the desiredlivelinessor a
quiet atmosphere.

H PERMANENT SUPPLEMENTARYARTIFICIAL
UGHflNG

H.l Permanentsupplementaryartificial lighting of
interiors asdescribedin IS 3646(Part1) may be useful in
hospitalsnot only to permit deep wards toprovidegood
overall lighting of the appropriatequality, but also in
laboratories,service and ancillary rooms where a
controlled levelofworking illumination is desirable and in
administrationoffices where the lightingproblemsare
similar to office lighting elsewhere.
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FOREWORD

Requirementsof lighting in public buildingsarecomplexandrequirecustom-madesolutions. Therequirementdepends
on thenatureand typeof applicationwhich issubstantiatedthroughavailability of provisions.The following Indian
Standardis a necessaryadjunctto this section.

IS No.

3646(Part1):1992

Title

Codeofpracticefor interior illumination: Part 1 General
requirementsandrecommendationsfor working
interiors(FirstRevision)
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PART 5INTERIORILLUMINATION
Section5 Lighting for OtherPublicBuildings

4.1 General

This clausedeals with the lighting requirementsof
kitchens, bathrooms,living rooms, entrancehalls"

4 RESIDENTIAL

3.4 Lighting Requirementsfor ShopWindows

3.4.1 The lighting should primarily enhancethe
merchandiseand thedisplay treatmentand the levelof
illuminance should be chosenbearing in mind the
immediatesurroundings.

Ifwindow displaysare to be lit during the day, a very high
value of illuminance is usuallyneeded,both to compete
with the generaldaylight illumination and to minimize
reflectionsof the streetseen in the front glass.

For single aspectwindows, the main lighting should be
from the front, andinterestmay be added by using limited
back lighting. The avoidanceof glare is no problem
providedthat bare lamps are notexposedto public view.

Multi-aspectwindowsalways presenta problem if glare
is to be avoidedfrom opposingviewpoints.Large scale
louvres orbafflesover the ceiling can be used to screen
luminairesand, ingeneral,the light should be directed
more vertically than in singleaspectwindow displays.
Spotlightswith opticalsystemsgiving reasonablyprecise
light cut-offs are usually the necessarycomponentsof
this type of installation.

It is commonpracticeto use avariety of light sources
within a single window. Thegenerallighting will often be
providedby tubularand compactfluorescentlamps, but
accent lighting will invariably be from high intensity
dischargelamps likeceramicdischargeandquartzmetal
halide lamps housedin appropriateluminaires.Colour
filters are also used forspecialeffects.

In many windows the lighting arrangementshave to be
changedfrequentlyto suit newdisplays,so a lighttrack
systemshouldmake this bothpossibleand convenient.

Provisionshould be made foradequateventilationin order
to avoid overheatingthe lighting equipmentand
merchandise.

Window lighting may berequiredafter the shop has closed
and this isnormally achievedby controlling the light
circuitwith a time switch.

Lighting Layouts

Thereare two quiteseparatelighting techniques:

An overall high illuminanceof600to 1000 lux, as
used insupermarketsand multiple stores; and

b) An illuminanceof 100 to 200 lux from a general
lighting system withadditional highlighting of
displayareas, as in aboutiqueor jeweller'sshop.
This requires a more flexible electrical installation
than thatof 3.2.1(a)above topermit frequent
changesofdisplay layouts. Systems incorporating
a light track with bus bar connection for spotlights
and pendantluminairesare suitable, including
dimming of certainsections.

3.3 Lighting Requirementsfor ShopInteriors

3.3.1 A good shoplighting designwill effectivelycreate
a good balancebetweengeneral lighting and accent
lighting. Attention should be paid tovertical displays,
especiallyshelvesalong the periphery,areasof special
interest, etc. Newgenerationfluorescentlamps (T8 and
T5), compactfluorescentlamps,ceramicdischargemetal
halides, dichroichalogenlamps arepreferredlight sources
for suchapplications.

3.2

3.2.1

a)

3.1 General

Most sellingareas do notreceivea significantamountof
natural light and reliance is placed on artificial light
sources.While adequategeneral lighting should be
providedfor safemovementover the wholeareaused by
the public, higherilluminanceleveis areneededfor selling
and display.

3 SHOPS

2 TERMINOLOGY

For the purposeof this section,the definitions given in
Part1 of this code shall apply.

1 SCOPE

This sectioncoverstheprinciplesandpracticesgoverning
good lighting of public buildings, such as shops, hotels
and placesfor public assemblyand entertainment.It
recommendsthe levelsof illumination to beachievedby
the generalprinciplesoflighting.

NOTE - Generalaspectsof interior lighting, including
assessmentof glare, are dealt with in IS 3646(Part I).
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landings,stairs,bedrooms,garages,workshopsand the
externallighting of houses,flats andapartmenthouses,
study and bedroomsof hostels and guestroornsand
loungesof hotels.

4. 2 Illumination

Unlike industrial and commercialinteriors, the uniform
illuminationofdomesticareas isseldomnecessaryor even
desirable.Low-key generallighting plus supplementary
lighting, where neededis usualJyacceptable.Lighting
can also be usedprimarily for decorativeeffect.

a) KitchenandDining Areas

General lighting should be provided by at least two
luminaires,one of which should be arrangedto give a
higherlevel oflighting overthe mainworking areas,that
is, the sink unit and cooker. The luminaires should
preferablybe switched separately.Tubular fluorescent
lampsare particularlysuitablefor kitchensin view of the
reducedshadowingeffect. Thelampsshouldhave acolour
renderingindex greaterthan 80 toenablethe propercolour
of foodstuffs to be seen;

b) Main living areas

Although individual requirementswill vary widely, more
than onelight sourcewill alwaysbe requiredto providea
rangeof illuminance. Considerationshouldbe given to
the provisionofwiring pointsfor the lighting ofpelmets,
pictures,etc;

c) Bathrooms

Lighting shouldbe switchedfrom outsidethe roomor by
a pulJ cord inside the room. AlJ luminairesshould be
earthedor double insulated. Aluminaireshould beprovided
for the bathroommirror for facial illumination;

d) Bedrooms

Lighting controlwith local switchesis normalJyrequired
nearthe bedheadposition.A high illuminanceis required
for the dressingtable; in the absenceof information
regardingits position,one solution is the useof portable
luminaires;and

e) Hallway andstairs

Two way switching is requiredat the top andbottomof
staircasesand also for largehalJways.In the latter case,
one switchshouldbenearthe maindoorentranceand the
otherswitchcloseto thestaircase.The staircaseluminaire
shouldbe positionedso as toilluminate all stair treads
and glare shouldbe avoided.

4.3 SpecialRequirements

Provisionsshouldpreferablybe madefor:

a) lighting in the loft or in celJars with a switch close
to the trapdoor;

b) lighting outsidealJexternaldoors;
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c) an illuminatedhousenumberand belJpush;

d) lighting in thegarageswitchedfrom the normal
exit door (two way if necessary);and

e) lighting in deepcupboardswith door operated
switches.

4. 4 MultistoreyResidences

Separate'landlord' lighting circuits are required for
corridors,lobbiesand exteriorpaths.An alJnight lighting
systemshouldbe installedin theseareasand this can be
providedeconomicalJyby the useofminiaturetubularor
compactfluorescentor other lowwattagedischargelamps.

5 HOTEL

There is a greatdiversity in the lighting requirementsof
hotels and catering establishments,ranging from the
illuminationofpublic roomssuchasbalJroomsand large
dining rooms, where the emphasisis on lighting of a
decorativecharacter,to the moremodestrequirementsof
hotel bedroomsand privatesitting rooms.

Bedroomsshould have supplementarylighting over
writing desks,bed headsand washbasins.

General lighting in the lounge should be sufficient for
casual reading.

Desksshouldbe providedwith local lighting luminaires;
care should be taken to ensurethat thesedo not cause
glare elsewherein the room,thatis, adjustableluminaires
may needto have alimited rangeofmovement.

Specialattentionshouldbe given to the illumination of
fire escaperoutes.

Many ofthe hotellighting requirementsare alsoapplicable
for hostels.

5.1 Hotel Dining RoomsandRestaurants

In hotel dining rooms and restaurants,the characterof
the lighting is often more importantthan ilJuminance.A
minimumilluminanceoflOO lux on dining roomtablesis
recommended,butthisshouldbeappliedwith discretion.

In many schemes,the lighting is often requiredto be
subduedand intimate in character.Tungstenfilament or
compactfluorescentlamps intable luminairesare often
used for thispurposeand thesecan provide satisfactory
'highlights'on the silver and glassware,and at thesame
time providesufficientgenerallight to reachthe facesof
the diners.Onealternativeis to use'downlights' to light
tables, and in this case wall lights may berequired in
addition, to give the necessarysubduedgenerallighting
and toimprovethe modellingeffect.

Wherea room isrequiredfor avarietyof functions,it may
be necessaryto provide for a high ilJuminancewith
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suitable switching anddimmingfacilities. Reducedlighting
shouldnot beobtainedby switchingoff someofthe lamps
in multilamp luminaires if this gives rise to apatchy
appearance.

In large rooms, where daylight alone may be adequate
only in somepartsof the room, it may be necessaryto
supplementthe daylight permanentlywith artificial
lighting. Separatelamp circuitsandcontrolswitchesmay
be requiredto providethe necessaryflexibility for both
daytimeand night time use.

5.2 Canteens

When lighting canteens,an attemptshould be madeto
give theinterior a morerelaxingcharacterthanobtainable
by apurelyfunctionalapproach,even if theinstallationis
confined to overheadlighting. A suitable average
illuminanceis 200 lux and,iftubularfluorescentlamps are
used,they shouldhave a colour renderingindex of not
less than 80 and give a reasonablywarm colour
appearance.

5.3 HotelBars

In lounges andpublicbars aminimumaverageilluminance
of 70 lux is recommended.Focal points, such astables
and bar counters,however, should have a higher
illuminancethan theremainderoftheroom.

In cocktailbars,provisionshouldbe madefor two values
of illuminance, low for normaluse andhigherfor use by
cleaners,for example. In all bars, particular attention
should be given to lighting the till and the sink in the
serviceareas with local luminaires, inadditionto providing
a well diffusedillumination for the whole servicearea.A
typical arrangementincludes low wattage tungsten
filament orcompactfluorescentlamps in'downlights'over
the counter,recessedtubular fluorescentlamps over the
servicearea, andenclosedlocal luminairesto light the
sink. Attractive lighting of bottleson display,eitherfrom
behindor from the front can beattempted.

5.4 HotelandRestaurantKitchens

In the kitchensof cateringestablishments,the lighting
has to bedesignedto caterfor the wide rangeofactivities
associatedwith the preparationand servingof food. A
general illuminanceof200lux is recommended and working
areasshouldhave anilluminanceof 300 lux. Inkitchens
where there are hoods over the cookersand other
equipment,the luminaires may be installed within the
hoods themselvesand, consequently,they should be
suitable for the higher temperaturesand humidities
involved.

All luminairesshouldbetotally enclosedwith clearacrylic
or glasscoversso as toexcludemoistureand tofacilitate
cleaning.Lampsthathave asatisfactorycolourrendering
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should be chosen.Food serviceareasshouldbe treated
in the same way as thekitchen, with lamps having the
samecolourrendering.

6 PUBliC ASSEMBLY AND ENTERTAINMENT

6.1 General

This clausedeals with assemblyhalls, concerthalls,
theatres,cinemas,dancehalls and exhibition halls and
partsof suchbuildingsto which the generalpublic have
access,for example,foyers,corridors,stairways,auditoria
and serviceareas.Safety lighting is required to assist
membersofthepublic to leave thepremisesif the normal
lighting is switched off.Emergencylighting is also required
to be immediatelyavailablein the eventof failure ofthe
mainssupply.

6.2 Foyers

In foyers, the lighting should be such that visual
adaptationcan besatisfactorilyachievedwhen entering
or leavingthe building during both day and night.

The necessityfor visual adaptationcoupledwith the
advertisingvalueof bright surroundings,hasoften led to
the adoptionof higher illuminancesthan the minimum
recommended.Tungstenfilament, compactfluorescent
andtubularfluorescentlampscan be used fortheseareas,
the choice generally depending on aesthetic
considerations.

Theproblemofvisual adaptationbetweenthe brightly lit
foyer and the darker auditorium should be solved by
progressivelyreducingthe illuminancein the connecting
corridors.

In cinemaand theatrefoyers the luminairesshould be
decorative,but at the same time provide adequate
illuminance.

6.3 Auditoria

In multipurposehalls the lighting systemshould be as
versatile as possible. If a substantialreduction in
illuminanceis required,the lighting shouldbe capableof
beingdimmedsmoothlyor switchedin stages.

Cinemasand auditoria may be provided with direct or
indirect lighting, or a mixture of both, but all visible
luminairesshouldbe decorativeand compatiblewith the
interior design.

6.4 StageAreas

In assemblyandconcerthalls ameansshould beprovided
to highlight the performerseither by increasingtheir
illuminanceor by subtlydimmingthe auditoriumlighting
in orderto focus theattentionin the requireddirection.
To enhancemodelling, somelight may bedirectedonto
the stage from thesidesof the auditorium and from as
high up aspossible.
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For mosques or temples with vaulted high ceilings, a similar
procedureCanbeadopted.Asimpleandeffectivemethod
ofgeneral lighting is the useofpendants and wall brackets
which should be aestheticallyharmoniouswith the
building. Luminairesshould be sopositionedthat they
are not within the normal lineofvisionofthecongregation
and pleasingin appearancewhen theinterior is viewed
as a whole.

Direct downward lighting will result in denseroofshadows
and so aproportionof upward light isrecommended.

b) Deep cupboards may require internal lightingwith
door operatedswitches;

c) In somelaboratories,becauseofthe presenceof

corrosiveor explosiveatmosrheres,luminaires
designed towithstandtheseconditionsshould
be used; and

d) Cleanlinessis essential in manylaboratories,and

the luminaires should notharbourdust or insects
and should be easy to clean.

8.1 General

The relationshipbetweendaylight andartificial light in
laboratoriesrequires special consideration.Some
laboratories require a degreeofenvironmentalcontrol that

may bedifficult with large windows. In others, ablackout

may berequired.Wall space is often at apremium in
respectof storage. For these and otherreasons,design
solutionswith smallerwindows and theintegrationof
daylightandartificial light may befavoured.

Work in laboratoriesranges from reading andwriting and

other simple visual tasks where the detail is fairly large

and thecontrastgood to very exacting tasks with minute
detail and low contrast. Typicalof the latter tasks are the

readingofvernier scales or pipette marks, the identification

of substancesby their colouror texture,dissectionwork
or the identificationoffastmoving objects.

Other importantconsiderationsare as follows:

a) Most scientific work involving the use of

apparatusis done more easily when there is a
fair degreeofmodelling. In practice, it is usually

possibleto achieve this, as well as to comply
with the relevantrecommendedlimiting glare
indices. In cases where a high degreeofmodelling

is required, adjustablelocal luminaires are
necessary;

6.5 DanceHalls

Dance halls require good general lighting, usually capable
ofbeing dimmed, over the dance floor andadjacentareas.
Although this may beprovided by tubular fluorescent
lamps, it is usual to add a degreeofsparkle and modelling
by the useof luminaireswith incandescentlamps. In
addition, the provision of specialeffects producedby
coloured lighting or ultraviolet radiation is often a
permanentfeatureof dance hallinstallations.

6.6 Exhibition Halls

Exhibition halls shouldbe uniformly illuminated by
generallighting havingreasonablecolour rendering
properties.Provisionshouldbe madefor additional
electrical outlets for the directional lighting of
exhibits.

6.7 SpecialLightingRequirements

Recommended systemsoflighting in cinema premises and
othersimilar publicpremisesare as follows:

a) In auditoria during the entertainment: both safety
lighting andsubduedgeneral lighting;

b) In auditoriaduring intervals: both safety lighting
and normal general lighting; and

c) Passages,stairs, etc andexterior exit ways: in
the absenceof adequatedaylight, both safety
lighting andgenerallighting.

7 RELIGIOUS PLACES

7.1 General

The lighting of placesof worship usually has tocomply
with two requirements:

a) there should be sufficient illuminance for
devoteesto congregate,read prayer and hymn
books; and

b) the lighting should bedesignedto blend with
the architecturalcharacterof the interior and
contribute to the ceremonialaspectsof the
'service'.

The architecturalfeaturesofbuildings designed for public
worship(churches,mosques,temples,etc) vary widely in
respectof each building.Becauseof this diversity, there
is great scopeto relate the lighting to each of those
architecturaldesigns and it is notpossibleto do more
than mention a fewof the possiblelines of approach.

For churches,lighting equipmentcan usually be
concealedbehind roof trusses, in windows, in recesses,
in vaulted roofs and in arches.Luminairespositioned
behind the chancelarch can be concealedfrom the
congregationand be somountedas to illuminate the
chancel,choir and sanctuary.

8 LABORATORIES
ESTABLISHMENTS

AND RESEARCH

PART 5 INTERIOR ILLUMINATION - SECTION 5 LIGHTING F O ~ OTHERPUBLIC BUILDINGS 147



SP 72 : 2010

8.2 Illumination

A researchlaboratoryshouldhave auniform illuminance
of not less than 600 lux. Tasks requiring higher
illuminancesshouldhaveadditionallocal lighting. In many
instances instrumentsIsuch as microscopesor balances
areprovidedwith built-in lighting. Elsewhere,adjustable
benchluminaireswill be satisfactoryfor supplementing
the generallighting. For critical taskssuch asaccurate
colour matching the illuminance should be
1000 luxminimum.

In order tocompensatefor thecomplexityoftheequipment
and the widerangeof visual tasks,walls and other large
backgroundsurfacesshould be as plain as possible.
Although in some instancesthe preferred benchtop
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materialsare inevitablydark, it isdesirableto keepother
main surfacesas light as possible so as to avoid
introducingexcessivebrightnesscontrast.

8.3 Light Sources

In some laboratories,accuratecolour renderingwill be
neededfor the identification of materialsor stagesin a
processand, in suchcases,light sourcesthat maydistort
the relationshipof colours should be avoided. Colour
renderingis not alwayscritical, but where it could be, a
sourcehavinga colourtemperatureofabout4 000 K and
with a colour renderingindex greaterthan 90 shouldbe
used.Preferablythe illuminanceshouldnot be less than
1000lux.
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Illumination Engineeringand Luminaires Sectional Committee, ET 24

FOREWORD

Well designedexterior lighting systems can make importantcontributionsto theaesthetics,efficiency and safety of
the public, and tocommercialand industrial outdoorenvironments.While designing, it isnecessaryto take into
account the interests and needsof users and to meet the generalrequirementsof the authoritiesconcerned.
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NATIONAL LIGHTING CODE

PART 6EXTERIORILLUMINATION
Section1 GeneralFeatures

1 SCOPE

This sectionofthecode deals with thegeneralaspectsof
lighting design, lighting equipmentand photometric
requirementsofexteriorlighting installations.

2 TERMINOLOGY

The definitionsgiven in Part Iofthis code shall apply.

3 BASIC PERFORMANCEREQUIREMENTS

3.1 AreaLightingObjectives

The objectivesof area lighting are to ensure:

a) efficient and safe working conditions for
personnel;

b) easy and safe movementof vehicles, ships,
railway wagons,aircraft, etc andpedestrians;

c) securityof peopleand property;and

d) a pleasingvisual environment,particularly for
decorativelighting.

3.2· Visual PerceptionandBasicLighting Principles

3.2.1 In order to meet the above objectives, the lighting
system must create the rightconditions.for good visual
performancefor efficient and fastassessmentof form,
movement, distance and colour.

The visualperformancefor a given visual task depends on:

a) the luminanceof the visual task;

b) the luminanceof the backgroundof the visual
task;

c) limitation ofdirectandreflectedglare; and

d) thecolourrenderingpropertiesofthe lighting(if
the visual taskincludescolourdiscrimination).

3.2.2 Luminance and Illuminance

In practicevisual perceptiontendsto improve with the
apparentsize of the visual task, its contrastwith the
backgroundand theaverageluminancelevel ofthe visual
field. It is not normally possibleto changethe sizeof
viewed objects;however, the visual tasks can be made
easierif the sizeofcritical detail isincreased(for example,
the sizeof print on labels) and if lightcoloursare used
againstdark backgrounds(for example,yellow painted
vehicle barriers). In a given situation the average
luminanceis dependenton the lighting system employed.
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In principle the lighting design should be basedon
luminances,but in practiceit is not alwayspossibleto do
this becauseof the complexityof the visual scene.

The useof illuminanceas acriterion in area lighting is
more convenientas peopledo not normally have a well
defined line of sight (as in traffic situations).When
illuminancecriteria are used as a basis fordesign,then
they must be used in such a way thatadequateluminances
areachieved.

Usually illuminance is given in ahorizontal plane, but
often thevertical illuminancevalues are moreimportant
(for example,on the sidesofships inshipyardsor reading
the labelsof goodson pallets).

Therefore,when planning the lighting, the relative
importanceofhorizontaland verticalilluminancesand the
directionof the light must be borne in mind.

3.2.3 UniformityofIlluminance

In this field of arealighting application,uniformity of
illuminance is bestdefinedas the ratioof the minimum
illuminanceto the averageilluminanceoverthe relevant
area.

In certain casesthe useof the ratio of the maximum
illuminanceto the minimum illuminance may berequired.

Uniformity dependson the luminous intensity distribution,
the spacingto mountingheightratio and thedirectionof
the beamsof the luminaires.

3.2.4 Glare Limitation

Glare is aconditionofvision whichcausesdiscomfortor
disabilityreducingtheability to seesignificantobjects.It
arisesbecauseofanunsuitableluminancedistributionor
extreme luminancecontrastsin spaceand/or time.
Therefore,when designing lighting installationscare
shouldbe taken to limit glare.Importantfactorsaffecting
glare are thechoiceofthetype ofluminaire,the mounting
height, the direction of the beams and thebackground
luminance.

3.2.5 Colour Appearanceof Lamps and Colour
Rendering

Thecolourqualitiesof light sourcesarecharacterizedby
two properties;the colourappearanceof the light and the
colourrenderingindex. The colourappearanceofthelight
can bedescribedby thecorrelatedcolourtemperatureof
the light.
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In area lighting, colourdiscriminationis not normally very
important,but thecolourappearanceof the light may be
an importantfactor for psychologicalreasons.

4 UGHTING EQUIPMENT

Care should be taken to select the rightcombinationof
lamp, luminaire andmountingsystem to fulfill the lighting
requirements.Necessarydetails on light sources, control
gear andluminairesare given in Part 3,Section I and
Section 2 and Part 4,SectionI respectively.

4.1 MountingandSuspensionSystems

4.1.1 Columns upto15 Meters

These columns can bemanufacturedfrom steel, concrete,
aluminium, glassreinforcedplasticor wood. Access for
maintenanceand lamp replacementis possibleusing
portablemanually operatedtowers orvehicle mounted
accessunits. On themore substantialcolumnsaccess
can begainedby meansof built-on hoopedrung ladders.

4.1.2 Hinged Steel Columns

Thesecolumnsareavailablefor mountingheights up to
about 25 metres,and they allow the luminaires to be
broughtdown to ground level formaintenanceand lamp
replacement.
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4.1.3 High Masts

Theseare made fromhollow steel, aluminium welded
sections or concrete and can be used formountingheights
up to50 metres or more. Theluminairescan bemounted
on a carriagewhich can beloweredto ground level by
meansof cables and winches formaintenancepurposes.
Masts can also be made as a steel latticeconstruction,
often with built-onhoopedrung ladders andmaintenance
platforms.

4.1.4 Building or WallMountingLuminaires

Considerablesavings can beachievedif use can be made
of these. However, thequestionof access can often be a
problem,which cansometimesbe solved by the useof a
raising andlowering system for theluminaires.

4.1.5 Column and Suspension System Design

The design must be suitable for theweight andwindage
ofluminaires,control gear, etc, that are to be carried. The
effect of wind inducedor othervibrationsmust be taken
into account.

5 AREA UGHTING DESIGN

5.1 Recommendedilluminanceand Uniformity Ratio

Table I gives a surveyofrecommendedilluminancesand
uniformity ratios fordifferentvisual tasks.

Table 1 RecommendedValue of Illuminance,Uniformity Ratio and Glare Limitation
(Clauses5.1 and 5.4)

Visual task

~
Category Typical example

Maintained average
horizontal illuminance,

E.,(lux) not less than

Uniformity ratio
EmmIE., not less

than

0.25

0.25

0.40

0.40

0.40

0.25

0.25

0.40

0.25

0.40

0.40

0.50

NOTES
1 If these requirementsfor horizontal illuminance are met, in general thevertical illuminance will be satisfactory.
2 If thevisual task is in avertical or aninclinedplane thehorizontalilluminancevalues givenhere may be used assurfaceilluminances.
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Maintainedaverageilluminancemeansthat the average
illuminanceshouldnot beallowedto fall belowthe given
value during the life of the installation. In order to
determinethe initial illuminancesrequired,maintenance
factorswhich includeschedulefor cleaningandservicing,
luminairedepreciationand lampageingshouldbe taken
into account.

Uniformity here is the ratio of minimum to average
illuminance.

5.2 Colour Appearanceof Lamps and Colour
Rendering

The type of work carriedout underarealighting seldom
demandsexactcolour discrimination; normally lamps
with a colour renderingindex (Ra) between20 and 60
are acceptable.If a particulararearequiresgood colour
discrimination,useshouldbemadeoflampswith acolour
renderingindex of over 70.

For more informationon light sources,referencemay be
madeto Part 3, Section I of this code. Furtherdata, if
required,may besoughtfrom the manufacturers.

It is necessaryto preventconfusionbetweenthe colour
of generallighting and signal lights.

5.3 Lighting Design

5.3.1 General

A good lighting design producesgood lighting with
correctilluminance,uniformity andglarerestrictedto an
acceptablelevel and at the sametime employs the
minimum numberof light sources,columnsand masts in
order to minimize costsand thenumberof obstaclesin
the working area.

In importantareas,light shouldbe receivedfrom at least
two differentdirectionsand from two or moresourcesto
reduceharshshadowsand minimizethe effectofa single
lamp outage.

In manyexterior lighting installations,wherethereis a
risk of hazardssuchas fire orexplosion,it is necessary
to install a separateemergencyI ighting system,
providingsufficient light for escape,aid, rescueand fire
fighting.

5.3.2 Mounting Heights

The choiceof mounting height tends to dependon the
relative importanceof various factorssuchas thevisual
task, the importanceof minimizing obstructions,
installation costs and any local site limitations and
requirements.

5.3.2.1 Highmountingheights (over18 metres)

Thesearegenerallyused fortighting largeunencumbered
areaswith the advantageof minimizing the numberof
obstaclesin theworkingarea, sothatmechanicalhandling
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equipment,cranes,etc, canoperateunimpeded.From the
maintenancepoint of view they have theadvantageof
collectingat asinglepointa largenumberoflight sources.
This canreducethe costof maintenance.

5.3.2.2 Mediummountingheights (between12 and 18
metres)

Although mediummountingheightsincreasethe number
of obstructions,they are often more suitablefor medium
and small installationsand situationswherethere are a
number of large tall obstructionssuch as buildings,
storagesilos, etc.

5.3.2.3 Lowmountingheights (up to12 metres)

Low mountingheightsare normally only used forareas
where local high levellighting is required,and/orwhere
goodlight penetrationis requiredbetweencloselyspaced
obstacles(goods,stores,buildings, etc).

5.3.3 Spacingand Mounting Height

Generallythe mountingheight determinesthe maximum
spacing betweenadjacentcolumns or masts. The
recommendedspacingis 3.5 times the mountingheight.
In certaincasesthis spacingcan bereducedor increased,
but specialcarewill have to betakento avoid excessive
glare, long shadowsand uniformity problems.

In order to restrict glare, luminaires should not emit
significant amountsof light above75 degreesfrom the
downwardvertical, when correctly installedand aimed.
Otherwisethey may produceexcessiveglare,both in the
areaintendedto be lit and in itssurroundings.

5.3.4 SitingofMasts

In planningthe locationofmasts,specialattentionshould
be paid to thefollowing:

a) Correct horizontal illuminance and uniformity
over the working area;

b) Correct illuminanceon vertical and horizontal
surfacesof particular importance(sides of
containers,for example);

c) Any point in importantworking areasshouldbe
lit by two or more sourcesfrom at least two
directions;

d) Shadowscast by large obstructionssuch as
buildings;

e) Siting masts to avoid obstructingwork or
movementof vehiclesand pedestrians;

f) Where necessary,barriers should be used to
protectcolumnsor masts fromaccidentaldamage
by vehicles;

g) Siting to avoid undergroundobstructions,
drains,etc;

h) Directing light into adjacentareasshould be
restrictedfor example,residentialareas,roads,
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railways, vicinity of airports, waterways,
harbours;and

j) Accessfor maintenancepurposes.

5.4 Lighting Calculations

Establishedmethodsfor calculatingof illuminanceshould
be usedtakinginto accountrelevantdatafor light sources
and luminairesas publishedby manufacturers.

As the recommendedilluminancevalues in Table I are
maintainedvalues,due considerationmust begiven to
ageingof lamps,dirt accumulation,etc, in luminairesby
applyinga maintenancefactor.

Thecalculationsshould be made for the specific installation
and theassociatedoperatingandenvironmentalconditions.
The point by point methodof calculationshouldbe used
to obtainaverageilluminancevalueanduniformity ratios.
The calculationarea should bedivided into rectangular
areas. Gridsapproximatingasquarearepreferred;the ratio
oflengthto width ofagrid cell shouldbekeptbetween0.5
and 2. The maximum grid size (p) should not be bigger than
10 metres and can becalculatedas

p ~ 0.2 x 5 10g d

where

d = the width of the calculationarea.

The illuminancevaluesshouldbe calculatedat thecentre
of each rectangulargrid. The horizontal illuminance is
calculatedon theaverageheightof the task.If the height
is not specified,it shouldbe takenas I maboveground
level. For traffic areasit shouldbegroundlevel.

In the caseof irregular shapedareas,points outsidethe
main areamust beignored.

The averageilluminance is calculatedas thearithmetic
meanof illuminancesat all the calculationpoints. From
these calculation points, minimum and maximum
illuminancescan beobtainedfor calculationofuniformity
ratios.

SP 72 :2010

5.5 Measurementof Illuminance

Care must betaken during measurementsto check.the
compliancewith the designcalculationsor how much the
installationhas depreciatedor any improvementdue to
maintenance.

5.6 Maintenance

Part 13 of this code may be referred to determinethe
maintenanceschedule,so thatthe averageilluminancein
an installationdoesnot fall below the designedvalueof
the maintainedaverageilluminance.

5.7 EnergyConservation

Agood lighting systemshouldbeenergyeffectivewithout
sacrificingthe quantitativeand thequalitativeaspectsof
lighting. An energy effective lighting system is cost
effective too. Details on this can be had fromPart 9 of
this code.

5.8 EnvironmentalAspects

Exterior illumination, if not properlydesigned,executed
and maintained,canthrow light in the wrongdirectionat
the wrong time. This can then causewhat is known as
light pollution, which should also beseenas wasteof
energyand money.

Given below are somerecommendations:

a) Lights, whennot required,may beswitchedoff;

b) For illuminating a task,whereverpossiblelight
shouldbe directeddownwards,not upwards.If
thereis no alternativeto uplighting, thento keep
spill light to a minimum, appropriateshields
and/orbafflesmay be used;

c) Luminaires should be so designedthat after
installationthe light distribution nearor above
the horizontalisminimal; and

d) The lighting standardsfor various tasks and
applicationsmay bestrictly followed.

PART 6 EXTERIOR ILLUMINATION - SECTION 1 GENERAL FEATURES 155



NATIONAL LIGHTING CODE

PART 6EXTERIORILLUMINATION
Section 2IndustrialAreaLighting

SP 72 : 2010



I
j

FOREWORD

SCOPE

TERMINOWGY

GENERAL LIGHTING REQUIREMENTS

LIGHfING EQUIPMENT

LIGHTING DESIGN

158

CONTENTS

159

160

160

160

162

163

NATIONAL liGHTING CODE



SP 72 : 2010

Illumination EngineeringandLuminairesSectionalCommittee,ET 24

FOREWORD

This sectionof the code deals with all areas whereindustrial processesare carriedout in the open, including the
petrochemicalindustry and otherhazardousareas,electricitygeneratingstations, water and sewage works, etc. Also
.included are storage areas for raw materials, finishedproducts,containersor cratedgoods, vehicles, etc and shortterm
parking areas forvehicles,lorries and cars.
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PART 6EXTERIORILLUMINATION
Section 2IndustrialAreaLighting

1 SCOPE

This sectionprovidesdetailsaboutthe recommendations
on exteriorindustrialarea lighting.

2 TERMINOLOGY

Thedefinitionsofthe terms used in thissectionare given
in Part1 ofthis code.

3 GENERAL UGHTINGREQUIREMENTS

3.1 FunctionoftheLighting

In general, the functionoflighting systems in allcategories
mentionedabove is to provide sufficient and suitable
lighting for work, safemovementofvehiclesandsecurity
of goodsand premises.

In particular,it should bepossibleto usetools,machinery
andInstrumentsfor assembly,constructionandfinishing
ofproductsin industrialprocesses,such asprefabrication
ofsectionsofbridgesandbuildings,cuttingandgrinding
stone, welding and flame cutting, maintenanceof
productionequipment,readingof metersand valuesin
chemicalprocessing,etc.

Petroleumand chemicalplants involve some means of
receiving, storing, processing,refining and shippingof
petroleumor similar fuels orothergaseous,liquid or solid
materials.

The visual tasks arereducedto very basic operations
such asturning a valve,startinga pump, orjust walking
or driving throughthe areas.Supplementarylocal lighting
shouldbeprovidedwhere morecritical visual tasks are to
beperformed.

In mostmoderncontinuousprocessplantsmaintenance
work is scheduledduring the daytime shifts. When
maintenanceis requiredat night,portablelighting should
beemployed.

Generally, modern-refineries havesophisticatedautomatic
controlsystems thateliminateor simplify the visual tasks.
Consequently,many areasrequire illumination only for
the safemovementofpersonnel,whilst areas that are only
used during the day do not require lighting exceptpossibly
for emergencyand securityreasons.

Electricity generatingstationsinclude fuel storageand
handlingyards, substations,transformersand switching
yards, etc. In these areaslighting has toprovide clear
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indication of areasof restrictedaccess;safe and fast
emergencyrepairsand replacementof critical partsand
strict security.

Water and.sewageworks havechemical treatmentand
filter beds, pumping areas, etc.There has to beclear
indication of the position of walkways and ladders,
operationof valves, pumps and other equipment,
discouragingintruders(in particularchildren),etc.

In storage areas,identificationofgoods, accurate handling
of containers,goodsandmaterialsandreadingof labels
are the main tasks.

In parking areas,generalorientation,finding entrances
and exits, location andidentificationofparticularvehicles
and perceptionof obstaclesare therequirements.

Steps must betakento ensurethat the lighting does not
causeany dangerdue to glare, deep shadowsor
confusion with signal lamps. The lighting installation must
be carried out in such awaythatthereis no riskofexplosion
(from gases givenoff in sewage works or from the fuels
used by anelectricity generatingstation) or electrical
shock. Masts and towers must not causehindranceto
work or movement.

3.2 RecommendedValues for Illuminance and
UniformityRatio

Generalguidelineson these can be had from Table 1of
Part6, Section1ofthis code. Table 1belowgivestypical
examples for different category of visual tasks, in industrial
storageand parkingareas,electricitygeneratingstations
and water and sewage works.

Table 2 gives asurveyof the recommendedvaluesfor
different areas,machineryand equipment,and working
tasks inpetrochemicalindustries"

The recommendationsin this table have beenestablished
on the basisof the quantity and quality requirements
commonlyexperiencedfor refineryexteriorlighting.

Where particular visual tasksrequire a supplementary
local lighting, a loweruniformity in the surroundingarea
than that given in Table 2 may beacceptable.

Horizontal illuminance is the main consideration,but
sometimesit is necessaryto considerilluminance on
vertical surfaces(for example,vertical storageracking,
measuringinstrumentsand readinggauges.)
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SP 72 : 2010

TableI TypicalExamplefor DifferentCategoryof VisualTasks,in IndustrialStorageandParkingAreas,
ElectricityGeneratingStationsandWaterand.SewageWorks

(Clause 3.2)
SI. No. Category Typical Example

i) Security

ii)

iii)

Low risk areas

Medium risk areas

High risk areas

Movementand Traffic

Pedestrian

Slow moving vehicles(5-10 kmlh)

Normal traffic (40 km/h)

Work
Very rough

Rough

Normal

Fine

The level of risk isdeterminedby consideringthe probability of accidentsand
the consequenceof loss or damage to theequipment,plant or community.

'Outside perimeter,coal storage yards.

Oil storage yards,waterworks,switchyardsof electricity works.

Switchyardentrances.

Movement of personnel in dangerous areas (for example,high-voltagewalkways).

Locationsof cars, avoiding obstaclesin parking areas,excavatingmachines.

Lighting of access roads,parking areas in main arteries.

Handling large objects and rawmaterials(short duration), loading and
unloading bulkmaterials,unloadingcoal trucks.

Handling large objects and rawmaterials(continuously),stowing cargo, toll booth
in parking areas and generalinspectionwork.

Ordinary workwithtools, reading labels, general maintenance work and meter reading.

Printing, electrical work, all work with power tools, pipe fitting, inspection,
repair of electrical equipment.

Table 2RecommendedValues forIlluminance,Uniformity RatioEminlE.
v
in

Lighting of PetrochemicalIndustriesandOtherHazardousAreas
(Clause 3.2)
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Table2 (Concluded)

51. No.

(I)

Category

(2)

Visual Task

Typical example

(3)

MaintainedAverage
Horizontal
Illuminance

E (lux)(min)
•• (4)

Uniformity Ratio

b) Pump rows,valves, manifolds

c) Operatingplatforms, (frequentlyused) ladders
and stairs

d) Gaugeglassesand instrumentson processunits

Specialty Process units

a): Processunits

b) Conveyor transferpoints

iii) Working Tasks

Ordinary work

a) Operatingvalves operatingmanually, switches
and starting motors

b) Firing boilers or heaters

c) Loading tank trucks or railroad cars

d) Reading meters, gauges or labels

Maintenancework

a) Moving maintenanceequipment

b) Checking leaks, piping, packing, etc.

c) Repackingpumps

d) Repairingmechanicaland electrical
equipmentor instruments

*Vertical illuminance
**This value may beobtainedby local lighting

50

50

50*

20

50

20

20

50

50

20

50

100*

200**

0.25

0.15

4 liGHTING EQUIPMENT

4.1 General information on lighting equipment is given
in Parts 3 and 4of this code.

In general there are no special requirements for lighting
equipmentin the industrial area lighting, except where
there is a corrosive or explosive atmosphere.

In parking areas the use of low pressure sodium lamps is
not recommended,becausethe monochromaticlight
makes it difficult to recognize the colourof the cars.

For portable local lighting the useof low voltage lamps
(S 55 V) is recommended. Because of the rough natureof
industrial work, portable local lighting equipment should
be protected against mechanical impact and misuse.

4.2 Hazardous Atmosphere

For lighting of hazardous areas, place refer to Part 7of
this code.

4.3 Corrosive Atmosphere

A variety of corrosive chemicals is likely to be present in
petrochemicalplants. The usualmethodof protection
against these is to use materials that will resist attack;
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special surface preparations such as polyvinyl chloride
coatingsand epoxy resin finishes. Inaddition to the
corrosiveconditions relatedto the processand any
adjoining plants, the action of elements such as fog, high
humidity and salt laden sea air, must be considered when
selecting the proper protective system for luminaires and
their mounting and suspension equipment.

4.4 Lamps

For general illumination high intensity discharge (HID)
lamps should be used. Wherecolour discriminationis
important, metal halide lamps or tubular fluorescent lamps
should be used. In cases where colour rendering is not
critical, high pressure mercury lamps or high pressure
sodium lamps may be used, the latter being preferable
from the point of view of economy and energy
conservation. The type of lamp selected and the wattage
are alsodependenton the mounting height and the
process being carried out.

4.5 MountingSystems

It is advisable to mount luminaires as high as possible
because the atmosphere is cleaner, which reduces the risk
ofexplosion.
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Furthermore,the lower rate of dirt deposition and
corrosionresults insignificantly lessmaintenance.

Whereverpossible, existing structuresmay be used as
mounting systems. Furtherinformationis given in Part 6
Section 1of this code.

5 LIGHTING DESIGN

5.1GeneralRequirements

Part 6 Section 1 of this code should be consultedfor
generalguidelineson the designof lighting installations.
Information is given there on the choice of lamps,
luminaires and mounting systems to fulfill the lighting
requirements.

Furthermore,the following items may beconsidered:

a) The useof local lighting can be aneconomic
way to achieve therecommendedilluminance
needed in small areas;

b) A switching system to obtain reduced
illuminance outside working hours is
recommended. The lower illuminance should not
bedetrimentalto security(seePart6 Section3);

c) If the situation in (b) above is effected by
switching.off a certain numberof lamps, care
should be taken to avoid dark spots which could
adverselyaffect securityand safety;

d) The installation should be suchthat Cl: single
lamp outage does not interfere with work or safety
in critical areas;

e) The useof high mounting heightshas many
advantages: the lightsproducebetter uniformity,
are less glaring and less likely to cause confusion
with signal lights. For areas where flammable
productsarehandledthe need to useflameproof
luminaires is recommended.Furthermorethe
luminaires remaincleanerand requirecleaning
less often; and

f) Particularattentionshould be paid to the lighting
of industrialworks, carparkentrancesand exits
for easeof identificationby drivers.

5.2 Lighting Design

The outdoorprocessingunits, storageareas, loading and
unloading points and other areascan beeffectively
illuminated by high wattage'floodlights. For areasin
between silos,containers,etc andother small areas not
adequatelylit by the main lighting system, low wattage
local luminaires may be used. Withfloodlighting, care
should beexercisedto avoidglare inside andoutsidethe
areasofthe facility. Asymmetrical floodlights have proved
to be very helpful incontrollingglare.
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Luminairesmountedon the topofplatforms,on masts or
ladder tops are normallyequippedwith optical systems
which concentratethe light in downward directions.
Luminairesmounted onintermediateplatformsnormally
emit light in most directions in order to illuminateadjacent
structuresand to mitigate sharpshadowswith the light
reflected therefrom.

High colour renderingpropertiesare seldomrequiredin
refinery outdoor areas,except for areascontaining
hazardousmaterials identified by coloured signs or labels.

For basic designcalculationsand otherinformation on
arealighting design refer to Part 6Section1 ofthiscode.

For electricitygeneratingstationsand water and sewage
works (see5.3) the following items may beconsidered
additionally:

a) a switching systemto conserveenergy is
recommended.It should be designed to maintain
securityat all times, and to enable illuminance
to be increasedwhere and when inspection,
maintenanceor repair work has to be carried out;

b) becausein these fieldsofapplicationthe number
of possiblemastpositionsis severelyrestricted,
the use of a sma1lnumber of high masts is
recommendedfor general lighting; and

c) the designofthe installation should pay particular
attention to providing good illumination to
personnelaccess routes tocritical work points
(narrowwalkways, ladders, etc).

For transformersubstationsandswitchyards,the typeof
the lighting system employeddependsmainly on the
height of the transformerand switching insta1lations
including overheadcables.

For specific repair work (critical tasks), portable local
lighting is recommended.Sufficientpower points should
be provided.The system shouldpartially be fed from an
emergencysupply, so that the basic lighting functions can
always be fulfilled.

The useof fluorescentor incandescentlighting on the
emergencysupplycan overcomeproblemsarisingfrom
relatively long restartingtimes of other gasdischarge
lamps.

The systemsdescribedaboveprovidesufficientlight from
above and below to see theoverheadvisual task. Care
however should be taken to preventglare reducing
visibility in critical directions.

A1l lighting equipmentmust haveadequateclearance
distances from high voltageconductors;moreover, it must
be possibleto maintain the lighting equipmentwithout
dangerto personnel.The useof portableladders and/or
hinged masts for maintenancepurposes is not
recommended.
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5.3 Waterand Sewage Works

The main characteristicof these installations is the
presenceof largeopenwatertanksand filter beds.Deep
waterchannelsconnectthese,in which the watercan be
fast moving. Partsof the water or sewageinstallation
differ in height (approximately5 m). There are many
connectingwalkways,laddersand stairs;normallywith
railings, at leaston oneside.Often the operationof the
installation is mainly computercontrolled, so that
personnelare not always present.In this type of
installation,repairwork need not be doneimmediately;
there is often ample timeavailable,so that localtemporary
mountedlighting can be used for the moredifficult visual
tasks.

The visual tasks aregenerallysimple: there is littlecritical
detailandcolourdiscriminationis not alwaysnecessary.
A typical taskis to locatesmallforeign floating objects.
The main functionof the lighting thus is toprovidesafe
orientationand movementfor personnelduring control
roundsand todeterunauthorizedintrudersand playing
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children. For specific tasks such as meter reading,
sampling,etc, locallighting is the bestsolution.

As the numberof potentialmastpositionsis limited, a
lighting systemis recommendedbasedon the useof
mediumto highmountingheights(12-20m).

As colour discriminationisnot importantsodium lamps
can be used withadvantage.Road lighting luminairesor
floodlights can be used. Mastsshould be positionedto
avoid deepshadowson walkways,on .laddersand near
deepwaterchannels.

In certainareasofsewageworksacorrosiveor explosive
atmospherecan exist(methanemay be stored in tanks), in
which casesuitableluminairesor high mountingheights
must beemployed.

5.4 Maintenance

Taking intoaccountthe typical rateof corrosionand dirt
deposition in a refinery outdoor atmosphere,the
maintenancefactor should not be higher than 0.6 (0.75 for
mountingheights over 20 m) from aneconomicpoint of
view. More detailsare given in Part 13of this code.
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FOREWORD

The mainpurposeof securitylighting is to protectareas,personneland propertyby means ofillumination which
discouragesor deters attempts at entry by intruders and to facilitate the movementof securitypatrols through the
areas.

This objectivecan be achieved by theprovisionof adequateillumination with minimum disablingglare tosecurity
personnel, roadways, railroads, marineoperations,and nearby residences; formonitoringpedestrianpassage through
entrance gates, along walkways and along the security perimeter; and for closedcircuit televisionmonitoring.
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PART 6EXTERIORILLUMINATION
Section3 SecurityLighting

1 SCOPE

This sectionof the code gives recommendationsfor
lighting installationswhich help to protect people,
property,.buildings,materialsand equipmentfrom harm
or theftafter sunset.Thelighting mustprovidethe security
personneladequateviewing conditionsfor themto carry
out their work effectively.

2 TERMINOLOGY

Thedefinitionsofthe termsusedin this sectionaregiven
in Part1 ofthis code.

3 TYPESOF SECURITY AREAS

Security a ~ e a s which may needlighting aregivenbelow.

3.1 IsolatedR e m o t ~ Strips

Theseare at adistancefrom buildings or main storage
yardsand may bedefinedas a stripofpropertyboth inside
and outside a perimeterwall or fence. Typically,
illumination ofsuchstripsshouldcovera width of25 m,
of which at least5 m is outsideand 20 m isinside the
perimeter.However, new internationalstandardson
environmentlight pollution is relookingat light spillage
outsidethe owner'sperimeter.

3.2 Close-inStrips

Theseare stripsof propertyalonga perimeterwhich are
in closeproximityto buildingsor storageyards,andwhich
mayormay not beenclosedby a fence.Illumination of
suchareasshouldincludeat least5 m outsidethe defined
perimeterand theareawithin the buildingwallsor storage.
yards. However, new international standardson
environmentlight pollution is relookingat light spillage
outsidethe owner'sperimeter.

3.3 WaterfrontStrips

Theseincludedocks,quaysand thewateralongsidethem.
Illumination of the securityareashouldextendoutwards
for a distanceof 12 to 15 m on thewaterside,and inwards
for a distanceof 20 m or to dock buildings within that
distance.However, new internationalstandardson
environmentlight pollution is relookingat light spillage
outsidethe owner'sperimeter.

3.4 StorageZones

Theseare areaswherematerialsor equipmentare stored
or wherecarsor trucksareparked.
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3.5 EntranceZones

Theseareasincludeentrancegatesand theadjacentareas
wherepeople,goodsand documentsare checked.

3.6 Traffic Zones

Theseconsistof walkways and roadsthrough the area
from the entrancesto buildingsand storageareas.

3.7 SpecialSecurityFences

Thesecould be outsidejails, defenceestablishmentsor
other high security areas.Theseareasare subjectto
constantscanningby the humaneye and/orccrv,so a
lighting installation which producesgood visual
perceptionandgoodcamerasensitivityis recommended.

4 RISK CLASSIFICATIONS

4.1 General

The initial step indesigninga systemofsecuritylighting
is to assessthe degreeof risk involved. Risk itself is a
combinationof the probability of illegal entry and the
consequences,the amountor natureofthe loss sustained
throughsuchan entry.

4.2 Classification

a) Low RiskArea

Premiseswith reasonablyefficient security and
merchandiseor equipmentnot particularlyattractiveto
intruders.Example:premisesfronting a lighted main street
with buildingson eitherside and a main road at the rear;

b) Medium Risk Area

Premisesrelativelyeasyto enter, or which has merchandise
or equipmentattractive to intruders.Example: some
buildingswith no roador apoorly lit roadat the rear; and

c) .High Risk area

Premiseseasyto enterat night, or in isolatedlocations; or
other securepremiseswith merchandise,equipmentor
other items which havea significantvalue,.or where the
consequencesofdamageare serious. Example: the building
or premisesthatbacksup to awaterfront,or to a railroad
sidingwith no adjacentbuildings.

5 SECURITYUGHTING TECHNIQUES

5.1 IsolatedRemoteStrips

Industrial propertiesnot inside buildings are generally
enclosedby walls or fencing. Properlyappliedsecurity
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lighting at such aperimeterwill enablesecurityforces on
the inside of the fence to observemovementsof a
suspiciousnature outside or close to the fence.

The longerthe time available to seeintruders,the more
likely they will be detected.It is, therefore,desirableto
illuminatea stripof 20 to 50 metres outside the fence.

Two techniquesarerecommended.

a) Floodlightsmountedon mastshigher than 10
metres should allow visual detection of
movementat ground level. If directedat 45
degreesbelowthe horizontal, the floodlights will
provide approximatelyequal illuminance on
horizontaland vertical surfaces at the same point.
The spacingto height ratio must be carefully
chosento fulfill the uniformity requirementsin
Table 1; and

b) Luminairesmountedat eye level anddirected
outwardswould providevery little illuminance
on the ground, but will forceintrudersto face
glaring lights, enablingsecurity guards to see
intruders,and making it difficult for intruders
to see the guards.Illuminancelevels in Table 1
are those on the facesofapproachingtrespassers.

5.2 EntranceZones

Good entrancezone lighting should enablepeople,
vehicles, goods anddocumentsto bethoroughlychecked.
Lighting inside the gate office should not causereflections
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on the glass walls andhinderthe visibility of the guards.
Lights may beprovidedon the canopyof the gate office
to permit the guardsto seevehicles,their occupants,
papers, etc.

5.3 RevealingIntrudersby Floodlighting

Floodlighting a building or a wall createsa bright
backgroundagainstwhich anintrudercan be easily seen
in silhouette.

5.4 Lighting for SecurityCCTV

It is necessaryto provide at least two luminaires to
illuminateobjects forsurveillanceusing aeeTVsystem.

6 RECOMMENDED ILLUMINANCE AND
UNIFORMITY RATIO

The recommendedilluminanceanduniformity ratios for
various zones and degreesof risk are given in Table 1.
The values stated arein principle for areas outside built-up
areas.If ambientlighting in the nearbysurroundingsis
considerablethe illuminancevalues forsecuritypurposes
should behigher than theambientlighting, so that the
area to beprotecteddoes not appear as a dark spot.

7 POWERSUPPLY

7.1 It is preferableto split alternate lights ondifferent
circuits and also toprovide a standby orbackup power
supply from a dieselgeneratorset.

Table1 RecommendedValuesofIUuminanceandUniformity Ratiofor SecurityLighting
(Clauses5 and 6)

Application

Isolatedremote strips

Close-in strips

Waterfront strips

Storage zones

Entrancezones

Traffic zones

a) Walking

b) Traffic

Special security fences

Risk Classification ~ a i n t a i n e d average Uniformity ratio EmlnlEav
horizontal illuminance (lux)

Low risk 5 0.15

Medium risk 10 0.25

High risk 20 0.25

Low risk 10 0.25

Medium risk 20 0.25

High risk 50 0.30

Low risk 10 0.25

Medium risk 20 0.25

High risk 50 0.30

Low risk 5 0.15

Medium risk 10 0.25

High risk 20 0.25

All 50 0.30

All 5 0.15

All 10 0.25

High risk 50 0.30
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FOREWORD

A well lit environmentmakes a placeagreeableto live in. It improves thequalityoflife for the inhabitantsofthat place
and attracts tourists. Aninvestmentin urban decorativelighting thus has both social andeconomicimpact. Such
investments have become veryreasonableas during the courseof the 20thcenturythe relative costof lighting has
steadily diminished.

There has beenanothersignificantchange. Earlier, adecorativelighting projectwas expectedto enablerecognition
of the object.Today modernarchitectsuse light as anadditionaltool for showingthe buildings at night in a way that
is original and quite oftendifferently from the daytime view.

Hence,decorativelighting is increasinglyplannedat the very initial stageofa project. This hasenabledthe designer
to place light sources inside thebuilding or constructionto bring out additionaleffects, unlikeearlier when light
sources were found only on the outside.

This approachreinforcesthe threedimensionalimagesof thearchitecture.Also due todevelopmentsin the technical
andelectronicfields in lighting, light can be variedaccordingto the desiresof the user to anunprecedenteddegree.
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PART 6EXTERIORILLUMINATION
Section4DecorativeLighting (Monument,ParkandGarden)

1 SCOPE

This sectionof the codeprovidesthe details about the
site study, planning, lightinghardwareand photometric
requirementsrequired for decorativelighting of
monuments,gardens, parks and similar locations.

2 TERMINOLOGY

For thepurposeof this section, thedefinitions given in
Part1of this code shall apply.

3 APPROACH

Apart from the technical and artistic aspectsofa decorative
lighting project,there are several points to beconsidered
for success.

3.1 Initial Research

For lighting amonumentor anartistic construction,it is
essentialto study thehistorical, architectural,and local
informationon the subject. Thispermitsthe designerto
understandthe importanceof the different parts of the
monumentand what tohighlight.

3.2 Permissionof ConcernedAuthorities

a) For lighting and for installing the lighting
equipment,permissionof the owner, the
administrativeor the architecturalauthority
responsiblefor conservationor maintenance and
coordinationof the work shouldbe obtained;

b) Dependingon the site of the object to be
illuminated, it may benecessaryto consult the
aviation and maritime authorities in order to
ascertainif the lighting would interfere with the
air or ship traffic; and

c) In cities, community interestsneed be to
ascertainedandnecessarypermissionsobtained.

3.3 PreliminarySite Study

a) Maps, floor plans, elevation views,photographs,
etc, are to bestudied;

b) Night time lighting of the surroundingarea is to
be examinedto determinethe illuminance
necessaryto achieve the desired effect on the
subject;

c) Seasonalinfluencesmust becarefully studied,
particularlythepresenceoftrees and bushes and
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seasonalgrowthsof the foliage,availability and
levels of water on the waterfront, when the
fountains are stopped,etc. The position and
colouroflight sources might depend on this kind
of information; _

d) Accessibility of the site by atower wagon or
other mobileequipment,if particularlyneeded,
should be known, as thepositioningof fighting
equipmentwill depend on themaintainabilityof
those;

e) The view orobservationpoints for the visitors
or passers-byshould be known fordecidingthe
preferredaiming of the light, while minimizing
the riskof glare; and

f) Easy accessto electric power sUPP1Y for all
lighting equipmentmust be ensured,

3.4 Planningfor DecoJ1atdlveLighting

a) It is most importantto determinethe lighting
effects which areapproprjatefor the monument
or site, orwhethertheseate feasible;

b) A greaterdegreeof expertiseis requiredwhen
the subjecthas large dimensions,complex
structure, or isofgreat historical importance. For
large andcomplex installations,it is advisable
to carry out trialinstallationsfor typical parts to
visualize the effects and obtain valuable
informationfor detailedplanning;

c) The choiceof light sources, their wattages, the
selectionofthe luminairesare to be made based
on the dimensions,colour, etc,of the subject
and theproposednature andfrequencyof the
use of installation; daily,periodic, seasonalor
temporary;and

d) Alongwith the primary objective to achieve a
high quality of lighting, the lighting solution
must be both cost- andenergy-effective.

4 LIGHT SOURCES

Necessarydetails on these and theircontrol gear can be
had fromPart3 of this code.

5 LUMINAIRES

Part 4ofthiscode maybe referred to for all the information
on these includingphotometriccharacteristics.
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6 FWODUGHTING TECHNIQUES

Floodlighting is an effective meansof highlighting a
constructedor anaturalsubject. Thesourcesof light are
generallyplaced i ~ the .imm~diate ~urro~ndings of the
subjectin order to illuminate Its vanoussurfaces.These
may also bemounteddirectlyon thesubjectifthe setting,
the installationor the userequiresit. The positionsof the
floodlights and their desired luminous outputs and
photometriccharacteristicsare decidedtaking several
factors intoaccount,such as, the quality, thecolour and
the volume of the surfaceto emphasize,the relative
locationsof the viewpoints,the distancesof the lighting
equipmentfrom the subject,lighting in the environment
and theintendedeffect.

6.1 Bringingout Hierarchy

When the observer views several illuminated subjects from
a single spot; say a vantagepoint overlookingan urban
area or a city square, all thesesubjectsare notof equal
value. Thefloodlighting must recreatethis hierarchyand
major elementsmust getclearlyemphasized.

Floodlightinghas theability to highlight an elementof
quality by keepingthe surroundings,which are of no
interest or unsightly, in shadow.However,it is generally
preferable tolightthesurroundingsto some extent in order
to give the subject a setting.Sometimesthis isachieved
by linking the mainsubjectvisually to anotherelement
tied by history or architecture.In an urbanarea,public
lighting helps inachievingthis.

Care must be taken:

a) not todistort the appearanceof the monument;

b) not todetractfrom theobservationofthesubject
due to the intensity or direction of lighting
installationsnearby, such as stadia, railway
yards,multilevel road interchanges,etc; and

c) to avoid the lightsourcecausingdeterioration
of the objectsand theenvironment.

6.2 BringingouttheRelief

While floodlighting a monumentor building, it must not
be literally flooded with light. By judicioususeof more
light, less light or shadow, thereliefofthedifferent planes
or volumes can bebrought out. It is the presenceof
shadows that brings out thereliefofa facade. The lighting
design mustprovidethe modellingeffect.

6.2.1 AngleofIncidence

Lighting directedperpendicularlydoes not createshadow
and thesurfacein questionappearsflat The sizeof a
shadowdependson the relief of the surfaceand on the
angle of incidenceof the light. The averageminimal
lighting directional angle shall be 45degreeswith the
normal to the surface. This angle has to beincreasedfor
highlightingaparticularlylow relief.
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6.2.2 AimingofLuminaires

In order to make the lighting effectappearnatural and
balanced,all shadowsmust be cast in the samedirection
(as happensundernatural light). So, all theluminaires
(principal floodlights) lighting surfacesseen in one field
of view must have the sameorientation.However, large
projectionscan create largeshadowobscuringsome parts.
This shadowis to besoftenedby meansof light of less
intensity at about 90 degrees(complementaryfloodlights)
with respectto theprincipal lighting direction.

6.2.3 Aiming vis-a-vis ViewpointofObservers

Direction of light has to bedifferent from the viewing
directionofobserversfor the shadow, and thus the relief,
to be visible.Theanglebetweenthesedirectionsmust be
at least 45degrees.

For monumentsvisible from severalplaces,a principal
observationpoint must bedeterminedand the lighting
designedfor this preferredviewing direction.

6.2.4 PositionofLuminaires

This is determinedby the requirementsgiven in clauses
6.2.2and6.2.3.However, in urban areas,thereare often
physicalconstraintsin locatingthe luminairesin optimal
positionsand the mostsatisfactorycompromisemust be
arrivedat.

6.2.5 Daytime Appearanceofthe Installation

It is very importantto ensurethat theluminairepositions
determinedfor nighttime floodlighting are aesthetically
appropriateand do not spoil the viewof the siteduring
.the day.

6.2.6 Glare

It is necessaryto eliminatedirect and/orreflectedglare
which coulddisturboccupantsofneighbouringbuildings
or driversof motorvehicleson roads nearby.

6.2.7 Accessibility for Maintenance

For periodicalmaintenance,lamp replacement,cleaning
of luminairesand readjustmentof disturbedluminaires
shouldbe aseasyaspossible.Care has to be takenduring
the designingstage to make theinstallation accessible
and ensure easyhandlingof luminaires.

6.3 Lighting DesignCalculations

6.3.1 Luminance

For propervisibility the mean luminanceofan illuminated
facade must be in proportion to the demandsof the
environment,the size and thesituationof the monument
in question.The higher the mean luminanceof the
environment,particularly the background,the greater
shouldbe the luminanceof the monument.However,a
monumentlit for a very high luminance may be toojarring
in apoorly illuminatedenvironment.
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6.5 UseofColouredLight

In decorativefloodlighting the useof coloured light is
very delicate.It mustonly be used when theimplied idea
or situationis easilyinterpretedby the observer.

It must be rememberedthat coloured light reinforces
correspondingcolours, but detractsfrom other tones.
Juxtaposingcolouredlights may livenadjacentsurfaces,
but usingdifferent coloursmay createviolent contrasts.

The same care has to be taken for a facade madeofdifferent
materials.Colouredlight changesthe tonal values leading
to anunbalancedeffect.

where,

<I> = the luminousflux in lumens;

E = the maintainedaverageilluminancein lux;

S = the total area to beilluminatedin m2
; and

U = the efficiencycoefficientof the system.

Thecoefficient'U' is dependenton:

a) the lightoutputratio of the luminaire (obtained
from publisheddataof the manufacturer);

b) the maintenancefactor, which is dependenton
environmentalconditionsand thefrequencyof
cleaning and lamp replacementand can be
assumedto be 0.8 very generallyfor regular
cleaningand lampreplacement(seePart 13 of
this code);and

c) the wastelight factor; dependingon the beam
angle of the floodlight, dimensionsof the area
to be illuminated, the distancebetweenthe
luminaire and thesurface, light scatteringdue
to the amountof dust in theatmosphere,etc, a
partof the luminousflux may miss the subject.

A typical valueofU is 0.3.,

6.4 Backlighting

This is done by usingfloodlights to illuminate a surface
forming abackdropto the mainsubject,which standsout
as a darkobjectagainstthe backdrop.The floodlighting
mustachievea fairly uniform brightbackground.

Sometimes,in orderto bringout the shapeofthesubject,
a very low intensityof light on the facadeof the subject
may benecessary.

Backlightingeffectsmay also beobtainedby lighting the
rearsurfaceofthesubject.It is possibleto createpatterns
of light, bringout the volumes andopenings,due to some
constructionfeaturesor projectionson the rearsurface.

Backlighting is only interestingfor subjectsthat are not
massivein order to bring into evidencethe lightnessof
the structure.

4cd/m2;

6cd/m2; and

12cd/m2

= the illuminancein lux;

= the averageluminancein cd/m-; and

= the meanreflectionfactor.

a) Ruralareaspoorlyor dimly lit

b) Small towns,suburbanareas

c) Recreationalandcommercial
centresin urbanareas

E

L

P

where

The reflectionfactor is not always the same at allpoints
on asurface,so themeanvaluemustbe used.This value
can bemeasuredby anappropriateinstrumentor usually
estimatedfrom knownvalues.

The valueshouldbe correctedaccordingto the spectral
compositionof the lamp to be used and thecolourof the
surfaceto be illuminated.For example,a yellowsurface
reflectsmore light from a lowpressuresodiumlamp than
from a highpressuremercurylamp.

The formula givenabovecannotbe used, when thesurface
finish of the subjectto be illuminated is highly polished
for example,glass,polishedmarble, stainlesssteel or
anodizedaluminiumwith predominantspecularreflection.
For thesecases only byconductingtrials can the right
amountof light be determined.

For the luminairesmountedat a lowheight, light will be
reflectedfrom the subjectupwardsand outsidethe field
of vision of the observer.On the other hand, wherethe
luminairesare to bemountedat ahigherlevel on a pole or
from anotherbuilding, care has to betaken to avoid
unacceptablereflectionsfor the observers.

6.3.3 Luminous Flux

After decidingon theilluminancerequired,the luminous
flux required can be found by using the following
formula:

For propervisual impact, a small isolatedsurfacemust
have a luminance.Undersimilar conditions,a large surface
will need lowerluminance.

Similarly, for a similar sizeofmonumentand environmental
conditions,to bevisiblea monumentfrom far needs more
lighting then oneseenfrom nearby.Generallyaccepted
meanluminancesfor varioussituationsare.

6.3.2 Illuminance and Reflection Factor

The illuminanceon afacadeor surfacecan becalculated
from its luminanceand reflecting propertieswith the
following equationapplicableto diffusedsurfaces

TI
E=L-

P
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If colouredfilters are used over thefloodlights to obtain
coloured light, like in theatresand in soundand light
shows,care has to betaken to selectfilters of proper
material. In permanentinstallations, the filters will
experiencehigh temperature,unlike those in show lighting
which aresubjectedto verybriefandsporadicuse. Plastic
filters offer anextendedrangeofcolours,but are sensitive
to heat.Plasticfilters will have to befrequentlyinspected
to checktheir condition, thus increasingthe operating
costof the project.Glass filters can beheatresistant,but
have limitedchoiceof colours.

With the useof colouredfilters, the luminousflux output
goes down, necessitatingan increasein either lamp
wattageor thenumberof lamps andluminaires.Also, the
floodlights must beprovidedwith a suitableattachment
for facilitating installationandreplacementof filters.

7 LIGHTING OF STATUESAND SCULPTURES

The numberof lighting points and their arrangement
dependson the formof the subject.The task is to light it
in its entirety, but not uniformly, in order to have the
modellingeffect.

The lighting designhas to beaccordingto the situation
of the subjectand itssurroundings.

When thesubject is on the ground and isolated in the
middleofa lawn, thefloodlights are preferablymounted
flush in the ground, thus preservingthe appearanceof
the lawn andreducingthe riskofglare.Alternatively,they
can be atground level behinda barrierof vegetationor
masonry.

When thesubjectis on apedestalbut isolatedin a lawn,
the floodlights must belocatedfarther away than in the
abovecase, to limit thebrightnessof the pedestaland to
avoidthepossibilityofshadowon the baseofthesubject
cast by the edgeof the pedestal.

When thesubjecton apedestalis in an areaaccessibleto
pedestrians,it is generallynotpossibleto havefloodlights
around thepedestal.Floodlightsthen are to be mounted
either on public lighting poles nearbyor on adjacent
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buildings. In either case, the riskofglare must be avoided.

For statues,generallyit is the face which is theprincipal
elementto be lit, followed by the frontof the figure. The
back needs very little or no lighting.Extremecare has to
be taken with thedirectionoflight while lighting the face,
as anyerrorcan give it a verydispleasingappearance.

8 LIGHTING OF PARKS AND GREEN BELTS

Total lighting of a greenspace is notpossible,both for
aestheticand economicreasons. The most eyecatching
subjects,judgedby their colour,developmentor grouping
are to behighlighted.

The typeof lighting will dependon the following:

a) general form, conical, spherical,dispersed,dense
or airy; if seen from far,individual forms are not
taken intoconsideration,only the totalvolume;

b) the colourof the foliage andif it changeswith
the seasons;and

c) viewing point, single or many, withconsideration
for glare restriction; also theforegroundmust
not be lit at all or have less light, inordernot to
detractfrom the viewof the distantsubjects.

Generallythe luminairesare installedat groundlevel for
betterdaytimeappearance.Sometimesthese aremounted
on low concreteblocks, so thataccidentalcontactwith
lawn mowers is avoided. Shrubberies behind the luminaires
improve thedaytimeappearancesandeliminateglare.

Treesare generallylit by floodlights installedat ground
level. Mountingluminaireson a tree is notrecommended
asbranchesmay get damaged or leaves burnt.If it becomes
necessaryto position the luminairesat a higher level,
suitablepoles orsupportsmay be used.

Flower beds at thegroundlevel and viewed fromabove,
are illuminated by low height mushroomluminaires
directinglight downward.Theseare eitherplacedin the
middle or on theedgesof the flower beds, theirheight
dependingon thatof the flowering plants.
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Illumination Engineeringand LuminairesSectionalCommittee,ET 24

FOREWORD

This sectionof the code dealswith lighting of harboursincluding waterways,quays, jetties; shipyardsincluding
docks,repairand constructionsites; railway areas;andairport aprons.

The lighting of harboursand shipyardshas tofacilitate safe andefficient navigation,handlingof cargo,passenger
facilities, etc. The lighting function shouldprovide hindrancefree light and light free fromdirect glare causedby
reflectedlight from the watersurface.

Railwayareascoveredarethosefor passengers,freight, yards,servicing,maintenanceand repair.Descriptionsof the
visual tasks to beperformedin railway areas as well asdataare also given.

Airport apron floodlighting is locatedso as toprovide adequateilluminanceson all apron serviceareas, with a
minimumofglare topilots ofaircraft in flight and on theground,airportcontrollersandpersonnelon the apron.The
aiming arrangementof the floodlights shouldbe done insucha way thatan aircraft standreceiveslight from two or
more directionsto minimize shadows.This sectionalso dealswith the issuesrelatedto the airport parkingarea.

PART 6 EXTERIOR ILLUMINATION - SECflON SUGHTING FOR UTILITY AREAS 181



SP 72 : 2010
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PART 6EXTERIORILLUMINATION
Section5Lighting for Utility Areas

(DockandHarbour,RailwayandAirportApron)

1 SCOPE

This sectionofthe code covers the principles and practices
governing good visual environments for utility areas such
as docks and harbours, railway areas and airport aprons.

2 TERMINOLOGY

The definitionsofthe terms used in this section are given
in Part 1of this code.

3 DOCKS AND HARBOURS

3.1 GeneralLighting Requirements

3.1.1 Functionofthe Lighting

The functionof lighting of harbours and shipyards is to
permit:

a) Safe navigation and mooringof ships;

b) Accurate handlingof general cargo, containers
and bulk cargo (for example, oil, ore, grain);

c) Efficient handling, storage and transportofcargo
by rail or lorry;

d) . Quick and easydisembarkation,embarkation
and transitof p a s s e n g e ~ s , crews and vehicles;'

e) Easy surveillance for security;

f) General service duties; and

g) Construction,repair andmaintenancework in
shipyards and docks.

Steps must be taken to ensure that neither the lights, nor
lighting equipment interfere with cranes or traffic or cause
hindrance to the navigation of ships.

This applies to direct glare from the luminaires as well as
indirect glare caused by reflected light from the water
surface.

3.2 RecommendedValues for Illuminance and
Uniformity Ratioin DocksandHarbours

A surveyof therecommendedvalues for different visual
tasks is given in Table 1.

3.3 Lighting Equipment

3.3.1 For generalinformation on lighting equipment
Parts 3 and 4of this code may be referred to.

Generally in harbour and dock areas there is a salt laden
atmosphere; special precautions must be taken to ensure
that lighting equipment will resist corrosion.

Luminaires for use in submersible lighting installations
should bewatertight(IP classification 68) or embedded
in watertightcompartments with glass fronts, which can
withstand the water pressure. The rough natureof dock
work requires this front glass to be protected against shock
and mechanical impact by special grills.

Table 1RecommendedValue forIlluminanceandUniformity Ratioin DocksandHarbours
(Clause3.2)

20 0.25

50 0.25 .

100 0.40

200 0.50

5 0.15

10 0.40

20 0.40

Areas to be lit; Operationsperformed

Work areas or task

Very rough work for example, short termhandling of large units

Rough work, for example, cleaning of ship hull

Accurate work, for example, painting and welding of ship hull

Fine work, mounting of electrical and mechanicalcomponents

Traffic areas

Walking passagesexclusively for pedestrians

Traffic areas forslowmoving (max. 10km/h) vehicles, for example,
bicycles and forklift trucks.

Normal traffic (max. 40 km/h) for example,containerterminals

Safetyand security

Genera11ighting on shipyard area, storage areas forprefabricatedgoods.

Maintained average
horizontal illuminance

(lux)

20

Uniformity ratio
EmiolEav

not less than

0.25
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3.4 Lighting Design

3.4.1 GeneralRemarks

For general guidelines for the design of lighting
installationsPart 6, Section 1 of this code should be
consulted.Guidelinesgiven there on the choiceof lamps,
luminaires andmounting systems may be followed for
meeting therequirementsmentionedin Table 1.

Furthermore,the following items may beconsidered:

a) The useoflocallightingto provideaneconomic
way ofachievingthe recommendedilluminance
needed in small areas;

b) A switching system to obtain reduced
illuminance outsideworking hours, but not
compromisingthe requirementsof security
lighting (seePart 6, Section 3).

Sometimesthis can beeffectedby switchingoff
a certain numberoflamps.However, care should
be taken to avoid dark spots which could
adverselyaffect security;

c) The installation should be suchthat a single
lampoutagedoes notsignificantlyinterfere with
work or safety in critical areas;

d) The useof high mounting heights hascertain
advantages;the lights are less likely to mask
navigation or beacon lights or cause confusion
with signal lights. For quays handling flammable
cargoes the need to use flameproofluminaires may
not arise. Limitationof both direct and reflected
glare is easier to achieve because relatively small
anglesof incidence are possible; and .

e) The installationof floodlightson cranes may be
requiredto facilitate theoperationsof loading
andunloadingby supplementing theships'own
lighting and avoiding shadowswhich the arm
of the crane mayproduceduring its movement.
Luminairesmounted onswingingjibsor rotating
towersare notrecommended,becausethey can
causeexcessiveglare and/orunwanted moving
patchesoflight. Thevibrationofthecranesmay
be detrimentalto the life of lamps.

3.5 Harbours

Harbourareas comprise:

a) Waterways fornavigation,mooringand berthing
ships;

b) Quays,wharfs andjetties with equipmentfar
loadingand unloadingcargo; jettiesprojecting
into the waterway.They are often used for
handlingbulk cargo such as oils and grain;

c) Areassuch asoutdoorstorageareas on wharfs
and containerstations;

SP,72 : 2010

d) Warehouses;and

e) Roads andtrack systems for lorries and trains.

In this section only the first two items are dealt with; for
the remainingitems seeotherparts and sections.

Lighting of quays has threespecific functions:

a) facilitate the work involved in loading,
unloading,depositandtransportofmerchandise;

b) to reduce the riskof accidentsand to facilitate
the transitofpersonnelandvehiclesthrough the
areas inquestion;and

c) to improvesecurityin the areas around the ships
and harbour installationsas well as inareas
where merchandiseis stored.

While function (b) does not make particularly-high
demands, functions (a) and (c) require goodconditions
for visual perception,either owing to the cost of the
merchandisedealt with or to the necessityof rapidly
carrying out theoperationsof loading andunloadingso
as not to hold up the vessel in port.

Harboursand especiallycontainerharbours(terminals)
can beefficiently lighted with high mastfloodlighting.
Since the eyesofships'pilots are usually'darkadapted',
specialattentionshould be paid to thepreventionofdirect
and indirect (reflections on the water) glare, and the choice

.of floodlight should be done accordingly,

3.6 DocksandShipyards

3.6.1 GeneralRemarks

Docks are used for ship repair andmaintenancework or
for building and constructionof ships.

They can beof two types: dry docks and floating docks.

Becauseof the high cost of withdrawing vessels from
use, shiprepairsandmaintenancehave to becarriedout
in the shortestpossibletime; often repairwork is done
throughoutthe day and night.

Docks for shipbuilding are associatedwith extensive
neighboring workshop areas where parts are
prefabricated,material storageareas and car parks. A
vessel is built in adock until it reaches thelaunching
stage, after which it passes to a nearby berth, where the
constructionwork is completed.The main activities
require theuseofdifferenttypesofcranes having a wide
sweep and great lifting power withclear runs along the
lengthofthe docks. Inorderto move vessels into and out
of dry docks, the docks have to be flooded; thus a
distinction has to be made betweenarea lighting
installationsand submersible'lighting installations.

3.6.2 RecommendedLightingSystems

For the area lighting,especiallyin shipbuildingdocks,
.high mast lightingusuallyoffers a good solution.
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For the dock lighting itself floodlights can be mountedalong
the upper edgesofthe dock.Ahigh degreeofuniformity is
required and generally luminaires should be mounted at
intervals not exceeding 1.5 times the distance between the
wall of the dock and the hullof the vessel.

3.6.3 Submersible Lighting Installations

Theseare used toilluminatethe keels and lower partsof
the hullsof vessels.Normal docksidelighting is usually
inadequatefor scraping,painting and welding on the
lower partsof the hull.

For these tasksfloodlights are necessary,placedalong
longitudinallines, one at each sideofthedock at a height
of approximately1 m above the dock floor. The spacing
betweenthe floodlights is usually 5 to10m.Luminaires
should berecessedin the wallsof the dock.

4 RAILWAY LIGHTING

4.1 Functionof Lighting

Adequatelighting of railway areas is essential to:

a) Promotethe safety of the passengersand the
staff;

b) Allow railway yard operationsand freight
handlingto beperformed;

c) Preventdamageto rolling stock and railway
material; and

d) Allow maintenanceandrepairwork.

4.2 Visual Tasks inRailway Areas

4.2.1 Passenger Areas

Exterior passengerareas include the railwayplatforms,
where the best illuminance should be at the platform edge.
The illumination in the entrancesof passengertunnels
should besufficientto preventadaptationproblems.The
passengercapacityshould be taken into consideration
when decidingon lighting parameters.

4.2.2 Freight Areas

Wagons can be loadedeitherdirectlyfrom lorriesparked
alongsidethe wagonsor from uncoveredor covered
platforms.Cranes may be used.Illuminancelevels should
be chosenaccordingto the visualtasksto becarriedout.

Containerterminals have areasfor the loading and
unloadingof containersfrom lorries or trailers onto
wagons.Cranesmay pick up thecontainersfrom any part
of the containerstorageor trailer parkingarea and place
them inpreciselocationson thewagonsor unload them.
Higher illuminance levels arerecommendedunder the
cranes.Adequatevertical illuminanceis requiredon all
the containersides topermit identification labels to be
read. The lighting should besufficient to enable tying
down orreleasingofcontainerson the wagons or trailers,
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4.2.3 RailwayYards

Railway yards can be divided into general areas where
differentvisual tasks areperformed.By consideringeach
type of yard separately, and by furtherbreakingdown
eachtype into areasinvolving specific visual tasks,
specific lightingrequirementscan be defined. Table 2 lists
therecommendedilluminancesanduniformities.

Railwayregulationsmust beobservedwith respectto the
locationof any lighting equipmentabove oradjacent-to
the tracks.

Steps must be taken to ensure that thevisibility of railway
signals is notimpairedby the lights.Emergencylighting
may benecessaryto preventaccidentsin humpoperation.

4.2.4 Flat SwitchingYards

In most yards of this type light is required for track
switching operationsand locomotive drivers, throwing
switchesand safeconditions for switchmenwalking
around thehead andpull-out end of yards.

Theremay be aspecialturnouttrack where thetrainman
uncouplesthe wagonsand the locomotive pushesthe
wagons toanothertrack, where the wagons arecoupled
again. If the wagons do not have anautomaticcoupling
mechanism,the trainmanmust get enough lightbetween
the wagons to see the mechanism and handle the coupling.
The staffmay also berequiredto read wagon numbers or
labels at the headend of the yard in order to assign
wagons to theirpropertracks. In the bodyof the wagon
yard, inspectorsare moving alonginspectingthe brakes
and the wagon under frames usinghand-heldinspection
lamps. Thesemay also beuseful for readingwagon
numbersor lists.

4.2.5 Retarder ClassificationYards

Classificationyardsofthistype are large and often highly
automatedwith supportingyards andservicingfacilities.
Fig.1 shows atypical layout.

Differenttypesofvisual tasks andoperationsare involved
in this typeofyard, as given below:

<0

a) Receptionyard(areaA, B in Fig. 1). -

Inbound freight trains generally pull into a
receptionyard where their locomotivesare
uncoupled. Visual tasks for the wagon inspectors
throughoutthe areaconsistofwalking between
the wagons,bleedingair systems,inspecting
hosesand safety appliancesby using an
inspectionlamp. When the wagons do not have
automaticcoupling mechanisms,the pulling
hooks must be uncoupled.Consequentlythe
operatormust be able to read the wagon number
or label both on the wagon and the wagon list to
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know which one to loosen. Alocomotivethen
pushes thewagonsto the hump forclassification;

b) Hump area(areaC inFig.l).

The hump areamay have a wagoninspection
pit, where the wagon inspectorswill require
illumination on the bogie side andunderneath
the wagon, to permit preciseinspectionof a
wagonin motion.The wagon uncouplershould
be able to see the coupling mechanism,and
perhapsread awagonlist to know which one to
uncouple.The scaleoperator,if a scaleis used-
and the humpconductorare requiredto check
the wagon numbersagainsttheir list and will
thereforerequirethe sidesof the wagonsto be
adequatelylit;

c) Controltowerandretarderarea(areaDin Fig.l),

Retarderclassificationyardsare equippedwith
various methodsfor determiningthe speedof
wagons coming from the hump, track occupancy,
etc. Someyards are fully automated,where
retardersareautomaticallyset by somedevices,
thus enablinga wagonto roll from the hump to
its properpositionin the yardwithoutanyaction
of the control tower operator.Other less
automatedyards may require the operatorto
visually checkthe extentof track occupancyin
the yard,judgethe speedof the wagoncoming
from the hump andmanuallyset theamountof
retardationto be applied to the wagon. This
manual operationmay also berequired in the
automatedyard in theeventof failure of one or
more of the automaticfeatures. In manyyards
thecontroltower operatormust check the wagon
numberto ensurethat the wagon goesto the
correcttrack.

Control tower lighting shall be suchthat can
facilitate adaptationof the operator'seye to the
visual conditionsoutside.In some cases the use
of dimmersin the control tower lighting circuit
may help.

It is important that there be no direct light
projected towards the operator in clear
atmosphericconditions.However, underadverse
atmosphericconditionslike dense fog, it is the
generalpractice to use auxiliary lighting
equipmenton the sideofthe tracksoppositethe
controltowerto reveal theoutlineofthe wagons
in silhouette. In this situation, theoperatorcannot
check wagon numbers,but can observeand
regulatethe movementof wagons.

In some smaller yards the wagons may be slowed
down byplacinga brake shoe on abrakingrail
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under the speedingwagon and reading the
wagonlist to know whichtrack the wagon is to
be sent to;

d) Head endofclassification yard (area E, F inFig.l).

The operatorshouldbe able to see when wagons
enteringthe classificationyard havepassedthe
switchpoints inorderto avoid possibledamage
to the following wagons. Even in highly
automatedyards with wagon and track
occupancyindicatingsystems, it isimportantfor
the operatorto be abIe to see the yardconditions
accuratelyin case theautomaticsystem fails. In
most yards the switchesat the headend are
automaticallyoperated,but in some yards they
are hand operated.If the switchesare hand
operatedthe switchmanmust be able to read the
wagonlists in orderto know to which track the
wagonsare to be sent. In some less.automated
yards the end brakingofthe wagons is performed
by wagonreceiverswho operatebrakeson the
wagonsin areaF beforethe wagonsreach their
destinationon the track. Thewagon receivers
may have to readwagonlists;

e) Bodyofclassificationyard (areaG in Fig. l).

In manyyards,the operatormust be able to see
the yard sufficiently well to determinetrack
occupancy.Wagon inspectorsare requiredto
move along wagons in the body of the
classificationyard to inspectbearings,wagon
brakes, under frames, etc, using inspection
lamps;

f) Pull out endofclassification yard (area H inFig.l),

In this area, switchmen are required to walk along
the tracks to determineswitch positions and
operate them ifnecessary. Illumination is required
to provide safe walking conditionsalong the
switch tracks;and

g) Departureyard (areaI, J inFig.l).

The main task in thedepartureyard consistsof
walkingbetweenthewagonsandcouplingthem
to the locomotive in the bodyof the yard and
operatingthe switchesin the head ends.

4.2.6 Passenger Station Tracks

The main task consistsof walking betweenwagons,
couplingthem to thelocomotiveandoperatingswitches.

4.2.7 Servicing and StablingTracks, Maintenance and
Repair Tracks "-

Passengercoachcleaningareasshould have sufficient
illumination to allow the cleaningpersonnelto walk
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Table2 RecommendedValuesof IlluminanceandUniformity Ratiofor RailwayLighting
(Clauses4.2.3and 4.3)

SI.No. Areas to be Lit; MaintainedAverage MaintainedAverage Uniformity Ratio
OperationsP.erformed Horizontal Vertical EminlEav

Illumuminance(Lux) Illumuminance(Lux) not less than

(I) (2) (3) (4) (5)

1. Passengerareas

a) Openplatforms, small stations 10 0.25

b) Open platforms,medium size stations 20 0.25

c) Open platforms, large stations 50 0.40

d) Coveredplatforms, small stations 50 0.40

e) Coveredplatforms,large stations 100 0.50

2. Freight areas

a) Freight track, temporaryor quick operation 10 0.25

b) Freight track, continuousoperation 20 0.40

c) Open platforms 20 0.40

d) Covered platforms, temporary or quick operation 50 0.40

e) Coveredplatforms, continuousoperation 100 0.50

t) Traffic areas for mobile cranes and coaches 20 0.40

g) Containerhandling areas 20 0.50

h) Containerstorageareas 10 0.25

j) Track for trailer loading on wagon 20 0.40

3. Railwayyards (flat marshallingyards)

a) Switching areas 10 0.25

b) Body of yard, temporaryor quick operation 10 0.40

c) Body of yard, continuousoperation 15 0.40

d) Tum-out track, uncouplingarea 10 0.50

4. Retardermarshallingyards

a) Switching area 10 0.25

b) Body of yard 15 0.40

5. Hump area

a) Wagon inspectionpit 100

b) Uncoupling area 50 20 0.40

c) Hump crest,'wagon number reading area 20 50 0.40

6. Classificationyards(handoperatedwagon
rolling, switchingand braking)

a) Braking rail with brake shoe 20 0.40

b) Switching area, head and braking area
with brake shoe 15 0.40

7. Automaticwagon rolling and switching

a) Retarders 50

b) Continuouscontrol retarders. 15 0.40

c) Switching zone, head end 15 0.40

d) Body of classificationyard 15 0.40

e) Switching area,pull-out end 10 0.25

f) Departureyard, switching area, bodyof yard 10 0.25

8. Passengerstation tracks

Switching area, body of yard 10 0.25

9. Servicingand stabling tracks for coaches,
trains and locomotives

a) Passengercoach cleaning area 10 0.25
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Table 2tConcludedy

Sl.No. Areas to be Lit; ~ a i n t a i n e d Average MaintainedAverage Uniformity Ratio
OperationsPerformed Horizontal Vertical E..wfE.v

Illumuminance (lux) Illumuminance(lux) not less than
(1) (2) " (3) (4) (5)

b) Passengercoach servicing area 20 20 0.40

c) Passenger coach washing area 20 20 0.40

d) Stabling tracks for wagons and coaches 5 0.25

e) Stabling tracks for locomotives 20 - 0.40

10 Maintenanceand repair tracks for wagons
and coaches

a) Maintenance track area 20 20 0.25

b) Repair track area 50 50 0.40

11 Level crossings 20 0.40

betweenthe coachesand enterthem. Coachservicing,
washing, maintenanceand repair areasshould have
sufficientilluminationon theverticalsidesofthe coaches.
Stablingtracks shouldhavesufficient lighting for safety
and security.Handlampsmay benecessaryfor coupling
of wagons.

4.2.8 ShadowofRailway Wagons

In orderto obtaingoodillumination on bothsidesof the
wagonsand in the spacebetweenthewagonson adjacent
tracks, thetransversedistancebetweentwo luminaires
has to bebetween1.2 and 1.4 times themountingheight.

4.2.9 Level Crossings

The visual tasks are the same as those as for street lighting,
unless remote CCTV control.is used, where the
illuminancemay have to beincreased.

4.3 RecommendedValues for Illuminance and
Uniformity Ratio

Table 2 gives asurveyof the recommendedvalues for
differentrailwayareas; theilluminancevaluesmentioned
aremaintainedaverageilluminancelevels.

4.4 MaintenanceFactor

In the courseof designingand installing, amaintenance
factor, dependingon surroundings,light sourceand
luminaire,has to be taken intoconsideration.This isvery
important, for railway areas are fullof smoke and dust
particles.Also it has to bekept in mind that light is
absorbedby smokeand dustalongwith moisture.This
amountof absorptionmust be consideredeven in an
apparentlyclean atmosphere,especiallyin the yards
where luminairesare locatedat adistancefrom the task
and/or the task isviewedfrom a distance. Theilluminance
on the task would have to beincreasedby a factor to
obtain the samevisibility as at 100percentatmosphere
transmittance.
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4.5 IlluminanceMeasurements

Measurementshave to be made onrailway yardswithout
wagons,and in clear weatherconditions. Horizontal
illuminanceshouldbe measuredat aheightof the work
task. If it is not known, thisshouldbe measuredat 1 m
above ground level. Vertical illuminance should be
measuredat 1 m abovegroundlevel.

4.6 Lighting Systems

4.6.1 High Tower/Mast System

The functionofthis systemis to provideilluminationfrom
aminimumoflocationsthroughoutthe variouswork areas

», of the yard.

Advantagesof this systemare:

a) Useofhigh poles on towersreducesthenumber
of mountingsites;

b) Light distribution is flexible. Both generaland
local lighting arereadily achieved. (The aiming
ofprojectorshowevermay be more critical);

c) The projectorsare effectiveover long ranges;

d) Maintenanceproblemsare restrictedto a few
concentratedareas;

e) Physicalandvisualobstructionsareminimized;
and

f) The electricaldistributionsystemserves a small
numberof concentratedloads.

4.6.2 Distributed System

Distributedlighting differs from the hightowertechnique
in that luminairesare inmany locationsratherthan at a
relatively few.

Advantagesof this systemare:

a) Good uniformityofilluminance on the horizontal;

b) Goodutilizationof light;
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c) Reductionof undesirableshadows;

d) Less critical aiming;

e) Lower mounting heights (Floodlight maintenance
is facilitated);

t) Reduced losses becauseof atmospheric
absorptionand scattering;and

g) Electricaldistributionsystemservicesas a large
numberofsmall, distributedloads.

5 AIRPORTAREAFWODUGHTING

5.1 Airport ParkingAreaLighting

5.1.1 The lighting of automobileparking areasand
roadways in andaroundanairportmustprovidevisibility
for control tower operatorsand pilots andpromotesafe
andefficientmovementofmotor vehicles and pedestrians.

The lighting must not interfere with night time visibilityof
the controltoweroperatorsandincomingpilots. At night,
control toweroperatorswork insemi-darkness.Theireyes
must bedark adaptedto enablethem to see aircraft
manoeuvring in the air andontheground. Anyappreciable
amountof brightnessin their fieldsofvision will greatly
reducetheir ability to see. The same is true forincoming
pilots. But, inadditionto their ability to see under dark
adaptation,the nearbyroadway and parking area
luminaires should not bevisible above thehorizontalto
avoid confusionbetweenthe patternthat the luminaires
may form and thepatternof runway marker lights.

For theparkingarea, where the public park their own cars,
the majorconsiderationsin providing illumination are to
eliminate accidents, make it easier to locate parking spaces,
to locate cars on return, and to discouragetheft and
criminal assault.

5.1.2 RecommendedIlluminancesandUniformities

In the generalparking area, the maintainedaverage
horizontal illuminanceshall be between 10 and 20 lux.

Entrancesand exits, shall have anilluminanceof at least
twice' thatof the generalparkingarea.Heavypedestrian
crossingpoints shall also have the same increased
illuminance.

Theuniformity ratio, minimum/averageilluminance, shall
be:

a) 0.33 on the roadway; and

b) 0.25 in the parking area.

5.1.3 DesignConsiderations

The ambientlight on thecontroltower windowsshould
be limited within 1 lux. Thisambientlight includesdirect
high anglelight from luminairesandreflectedlight from
pavedsurfaces. '
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Direct light may becontrolledby usingfloodlightswhich
have apositiveopticalcontrolsuch that nodirector stray
light is emitted above the horizontal, and by proper
locationof floodlights with relationto the controltower
and its height. '

To control reflected light and glare, factors thatcontribute
to reflectedlight may becontrolledas much aspossible.
These are:

a) thelocationof lighting equipmentwith relation
to the locationof the control tower; and

b) the luminous intensity and angle at which the main
beam is directed in relation to the control tower.

The reflectedangle should not be in thedirectionof the
tower. The viewof the runways and runwayapproaches,
taxiways and ramp areas from the control tower should be
consideredwhen locatingluminaires,so that aftersunset
this view is not hindered due to glare from these
luminaires. Thedesignof lighting poles and towers also
must notobstructthis view.

5.2 ApronFloodlighting

5.2.1 General

An apron is adefinedarea on a landaerodromeintended
to accommodateaircraft for the purposeof loading and
unloadingpassengers,mail or cargo, refueling,parkingor
maintenance. Aircraft would normally be expected to move
into these areasundertheir own power or.by towing, and
adequatelighting is necessaryto enable these tasks to be
performedsafely andefficiently at night.

The part of the aprol1containingthe aircraft stands
requiresarelativelyhigh levelof illuminance. The sizeof
eachaircraft stand islargely defined by the sizeof the
aircraftand theamountof spacenecessaryto manoeuvre
the aircraftsafely into and outof this position.

5.2.2 Functions

The primaryfunctionsofapronfloodlighting are to:

a) assistpilots in taxiingtheaircraftinto and outof
the final parkingposition;

b) provide lighting suitable for passengersto
embarkanddisembarkand forpersonnelto load
and unload cargo, refuel and perform other apron
servicefunctions; and

c) maintainairportsecurity.

5.3 Aircraft Taxiing

The pilot mainly relies on apron floodlighting when
taxiing on the apron. Uniform illuminanceofthepavement

, within the aircraft stand andeliminationofglare are major
requirements.On taxiwaysadjacentto aircraftstands,a
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lowerilluminanceis desirable in order toprovideagradual
transitionto thehigherilluminanceon theaircraftstands.

5.4 ApronService

These functions requireuniformilluminanceofthe aircraft
standareaof a sufficient level to perform most of the
tasks. In caseof unavoidableshadows, some tasks may
requiresupplementarylighting.

5.5 Airport Security

Illuminanceshouldbe sufficientto detect thepresenceof
.. unauthorizedpersonson the apron and to enable

identificationof personnelon or nearaircraft stands.

5.6 PerformanceRequirements

A variety of light sourcesare used for airport area
floodlighting. The spectraldistribution of theselights
shall be such that allcoloursused foraircraft markings
connectedwith routine servicing, and for surfaceand
obstructionmarkings,can becorrectlyidentified.Practice
hasshown thatincandescenthalogenas well asdifferent
high pressuregas dischargelamps aresuitable for this
purpose.Dischargelamps by the natureof their spectral
compositionwill producecolour shifts. Therefore,it is
imperativeto checkthe coloursproducedby these lamps
'underdaylightas well asartificial light to ensurecorrect
colouridentification.Occasionallyit may beadvisableto
adjust the colour schemeusedfor the surfaceand
obstructionmarkings.

5.6.1 Illuminance

An averageilluminanceofnot less than 20 lux isneeded
for colour perceptionand is consideredthe minimum
requirementfor the tasks to becarriedout on theaircraft
stands. In order to provideoptimumvisibility, itis essential
that illuminanceon theaircraftstand beuniformwithin a
ratio of 4 to 1(averageto minimum). In this connection,
the averageverticalilluminanceat aheightof2 m should
not be less than 20 lux in therelevantdirections.

To maintainacceptablevisibility conditions,the average
horizontalilluminanceon the apron, except where service
functions are taking place shouldnot be lessthan 50
percentofthe average horizontal illuminanceoftheaircraft
standswithin a uniformity ratio of 4 to 1 ( averageto
minimum)in this area.

It is recognizedthat somevisual tasksrequireadditional
supplementarylighting, for example,portablelighting.
However, the useofvehicleheadlightsfor purposesother
than guidanceduring driving shouldbe avoided.For
securityreasonsadditionalilluminancegreaterthanthat
specifiedabove may berequired.

The areasbetweenaircraft standsand theapron limit
(serviceequipment,parking area, service roads)should
beilluminatedto anaveragehorizontalillluminanceof 10
lux. If the higher mountedfloodlights do not light this
adequately, then glare freelighting of the streetlighting
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type could be used.Someexamplesof illuminanceon
aprons arepresentedin Figs. 2 to 5.

5.6.2 Glare

Aiming of floodlights shouldbe as far aspracticablein
the directionsaway from the control tower or landing
aircraft. Direct light above thehorizontalplanethrougha

floodlight should berestrictedto theminimum(seeFigs. 6
and 7).

Tominimize directand indirect glare:

a) The mounting heightof floodlights should be at
least two times the maximum eye heightofpilots
inside the aircraft regularly using the airport; and

APRON

AIMINGPOINTOF //
FLOODLIGHT---- MINIMAL.LIGHT

NO (DIRECT)LIGHT

Aitning PatternforFloodlights
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b) The location and height of the masts should be
such that inconvenience to ground personnel due
to glare is kept to a minimum.

In order to meet these requirements, floodlights will have
to be aimed carefully, giving due consideration to their
light distribution. Lightdistributionmay becontrolledby
the useof screens.

5.7 Emergency Lighting

In the eventof a power failure, it isrecommendedthat
provision be made for sufficient illumination to ensure
passengersafety. .

5.8 Design Criteria

5.8.1 Lighting Aspects

In addition to the designcriteria derived from the
performance requirements, the following aspects should
be considered in designing an apron floodlighting system.
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a) The height of the apron floodlighting masts
should be in accordancewith the relevant
obstacle clearance requirements;

b) Obstructionsto the view of control tower
personnelshouldbe avoided.In this respect
special attention should be paid to the location
and heightof the floodlighting towers; and

c) The arrangementand aiming of floodlights
should be such that aircraft stands receive light
from different directions to minimize shadows.
Better results are obtainedby uniform illuminance
of the total area than bydirecting individual
floodlights at the aircraft(seeFigs. 8 and 9).

5.8.2 Physical Aspects

During the design stageof an airport due consideration
should be given to the physical aspectsof the apron in
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order toprovideefficientapronfloodlighting. The ultimate
choice of the location and height of the floodlights
dependson:

a) Dimensionofthe apron;

b) .Arrangemeritof aircraft stands;

c) -Taxiwayarrangementandtraffic scheme;

d) Adjacent areasand buildings especially the
control tower; and

e) Location and statusof runwaysand helicopter
landingareas.

5.8.3 Electrical Aspects

If dischargelamps are used, athreephaseelectricalsupply
systemshouldbe utilized to avoid stroboscopiceffects.
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If high pressuredischargelamps are used,emergency
lighting fan be arrangedby eitherhalogenincandescent
lamps or byspecialcircuitryofsomeofthe highpressure
dischargelamps(dedicatedlyon UPS).

5.8.4 Maintenance Aspects

The lighting system should be so designedthat
maintenanceexpensecan be held to areasonablevalue. If
access to lights isdifficult, it is mosteconomicalto change
lamps on a group replacementbasis. Since cost of
replacinglamps in highmountedlights can besignificant,
long life lampsshouldbe used,Wherepossible,the lights
should be soplacedthat they will be easily accessible
without using special equipment.Tall poles could be
equippedwith polestepsor raisingand loweringdevices
for servicing.
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Illumination EngineeringandLuminairesSectionalCommittee, ET 24

FOREWORD

Lighting ofsports arenas is important from theviewpointofprovidingadequatelight, coverage,angles, illuminance,
colour, etc. The lighting and lightingarrangementhas a bearing on the game played and therefore, thedesigning
should beaccordingto therequirementof the particularsport.
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PART 6EXTERIORILLUMINATION
Section6 SportsLighting

1. SCOPE

This sectionofthecode covers the principles and practices
governinggood visualenvironmentfor sports lighting.

2. TERMINOLOGY

The definitionsofthe terms used in this section are given
in Part1of this code,(See also 20.)

3 BASICCONSIDERATIONS

3.1 PrimaryUsers andtheirRequirement

For designingof the lighting of a sportsfacility, careful
considerationhas to be given to the visualrequirement
andcomfortof its principalusers.Broadly,the usersofa
sports facility can begroupedas players and team officials
allowedon the bench near theplayingarea.

The players must be able toclearlysee all that is going on
in the playing area, sothat they can deliver the best
possibleperformance.

Spectatorsin the stadiumhave to be able to follow the
performancesof the playersand thedevelopmentsof the
game in anagreeableenvironment. The latterrequirement
means that theymust be able to see theirsurroundings
and immediateneighboursas well. The lighting should
also help thespectatorsto safely enter and leave the sports
facility. With large crowds this securityaspectis very
important.Also important in high end facilities is the
ambiencein the stadium.

For colour TV film crews, sportsphotographers,journalists
and fortelevisionand film coverage,the lighting should
provide the conditionsnecessaryto guaranteegood

.picture quality(todayusually in colour) notonly of the
game, but alsoclose-upsof the playersand spectators.
Thetransitionfrom daylightto artificial light should be as
smooth aspossible,so thatadjustmentfor both players
and thecamerais minimal.

Tocomplywith the requirementfor continuityofnormal
or high definitiontelevision (HDTV) coverage in the event
ofpower failureofthemains supply, it is usual to install a
secondarypowersupp ly system capab leofprovidingthe
emergencyTV lighting level.

3.2 Typeof Sport

Two factors relatedto the typeof sport have a major
influence on thequality of lighting required.Theseare
the apparentsize and theapparentspeedof the playing
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object(often a ball). The former isdependentupon the
physicalsize of the objectand the viewing distance; the
latter upon its speed anddirectionof movementrelative
to thedirectionofview.Higherdemands will be made on
the lighting as the speedof the playingobject increases,

. its sizebecomessmallerand the playing area, that is, the
viewing distanceincreases,for example, cricket.

Certain typesofsport have only a limited numberofmain
viewing directions for the players (for example, with tennis
the main viewingdirectionis in thelongitudinaldirection
ofthecourt). These main viewingdirectionscan influence
thepositioningoftheluminaires,especiallyto limit direct
glare,

3.3 TypeofSports Area

Importantconsiderationsregardinga sports area, as far
as the lighting isconcerned,are itsdimensions(principal
playing areaand total playing area), whether or not the
stands arecovered,the spectatorfacilities, reflectances
of playing surfaces and forindoor facilities, whether or
not there is daylightpenetrationand the material and hence

. reflectanceof the playingsurface, walls and ceiling.

The dimensionsof a sportsarea influence the quality
requirementof the lighting (becausedifferent viewing
distancesare involved) and also the locational
possibilitiesofthe luminaires.The overalldimensionsof
a sports area.aredeterminedby the typeofsportor sports
catered for and by the sortofspectatorfacilities provided,
for example,no grandstand,grandstandat one side,
grandstandtotally enclosingthe playing area, etc.

3.3.1 Principal Playing Area(PPA)

This is the actualplayingareaneededfor the performance
of a certainsport. Usually this means the actual marked
.out 'field' area for that sport (for instance, football), but in
some cases this area comprises an extra playing area around
the marked area (forexample,tennis,volleyball and table
tennis).

3.3.2 Total Playing Area (TPAi

Generallythis areacomprisesthe principal area (PA) plus
anadditionalsafety areaoutsidethe principalarea.

Often the height andconstructionof the ceiling have an
importantbearingon the lightingpossibilities.Halls with

. daylight penetrationcall for specialattentionto avoid
adaptationproblems,whereasthis problemcannotarise
in halls without daylightpenetration.

NATIONAL UGHTING CODE



A surface is madevisible by virtue of lighting being
reflected from it and entering the eyeof the observer.It
should thus beappreciatedthat thereflectanceof the
surfacesof the sports area, such as the ground (grass,
gravel, etc) and, in halls also the walls and ceiling,playa
role in the final lighting effect achieved.

4 UGHflNG CRITERIA

Knowing the user requirements, it is possible to say what
lighting criteria should be satisfied in order that all these
requirements will be met. Relevant Lighting Parameters
are:

a) Horizontal Illuminance;

b) VerticalIlluminance;

c) Illuminance Uniformity and Illuminance Gradient;

d) Glare Restriction;

e) Modelling and Shadows; and

1) Colour Appearance and Colour Rendering.

The brightness,or more correctly the luminanceof a
surface is dependent on the amountof light incident on
that surface (that is, theilluminance), the angle from
which it is viewed and its reflectance.'In sports we are
confronted with a wide varietyof reflecting surfaces (for
example, the ball, theplayers'clothing and the playing
surface) and an almost infinite rangeof viewing angles.
Consequently, each different viewing direction toward a
surfacemay lead to a different surface luminance. Because
of this, thecalculationof luminancevalues for sports
lighting is extremely difficult,if not simply impossible.
Designs and specifications in sports lighting are therefore
generallybasedon illuminance. The designeror the
person drawing up the specifications should, however,
always bear in mind that surfaces with high reflectance
(light surfaces) will, for a given illuminance, result in a
higher luminance than surfaces with lower reflectance
(darker surfaces).
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4.1 Horizontallliuminance

As the illuminated field forms a major part of the fieldof
view ofboth the players and spectators, it is the horizontal
illuminanceon this that chiefly serves toestablishthe
adaptation stateof the eye. Because of this, and because
the illuminated field servesfor the players, spectators and
cameras as a visual background, an adequate horizontal
illuminance on the field is important.

To ensure that spectators can safely enter and leave the
stands, a certain minimum horizontal illuminance on the
stands must be maintained. A valueof 10 percentof the
average playing field illuminance will suffice, although
for reasonsof comfort a value of 20 percent is preferred.

Eh (st)/Eh (field)> 0.2

4.2 VerticalIlluminance

Verticalilluminanceis essential forviewingverticalobjects..
The side of a player that can be seen by an observer can
be approximated by a vertical plane at right angles to the
observer'sline ofview.

To guaranteeidentificationofplayers from all directions,
the illuminance on four, mutually perpendicular, vertical
planes taken at a heightof 1.5 m should be adequate. For
this purpose, the vertical planes facing the four sidelines
of the playing area are usually 'taken.

To guarantee that a ball or playing object can also be
clearly seen when it is at a certain height above the playing
area, the vertical illuminance at such a height should also
be adequate.In general,the vertical illuminance (at
players and ball positions) should,ofcourse, be adequate
for the playersand spectators, but also for cameras,if
present.

In practice, the vertical illuminance required for players
and spectators will usually be obtained automaticallyif
the requirements regarding the horizontal illuminance are
fulfilled.The vertical illuminance requirementof television
coverage has to be addressed separately.

....-(,
"

T ++++
++++

Fig. la)Fixed Camera Location Fig.l b) UnrestrictedCamera Positions
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For televising or filmingwith fixed camera positions, it is
.sufficient to ensure that the illuminanceon vertical planes
at right angles to the camera position(s) are adequate in
order to obtain an acceptable picture.

The orientationof the vertical planes can be indicated as
the direction at right angles toward a reference point. In
the caseof a single camera position, the reference point
is the cameraposition itself[seeFig. la)]. In the case of an
unrestrictedchoice of camerapositions,the vertical
illuminance on planes facing all four sidesof the pitch
should be taken[seeFig 1b)].

4.3 DluminanceUniformity

Good illuminanceuniformityinthe horizontaland vertical
planes is important in order to avoid adaptation problems
for players and spectators, and adjustment problems for
cameras, respectively, for different directionsof view.
Moreover,if the uniformity is not good enough, there is
a certain risk (especially with television cameras) that
the ball or a player will not be seen clearly at certain
positions on the field.

Uniformity can either be expressed as the ratio minimum-
to-maximum illuminance or as the ratio minimum-to-
average illuminance. For colour television lighting the
ratio minimum-to-maximumis more critical, whereas the
minimum-to-average ratio is usually considered for non-
televised activity and lower levels of play.

4.3.1 Vertical Illuminance Uniformity

On planes facing a sideline bordering a main camera area
or facing a fixed main camera position this should be:

Evmin lEvmax> 0.4,Ehmin IEhav ~ 0.6

where

Evmin = the minimumverticalilluminance,in lux;

Evmax = the maximumverticalilluminance,in lux;and

Evav = the average vertical illuminance, in lux.

The uniformityofverticalilluminanceata singlegridpoint
over the four planes facing the sides of the playing area
shall be:

Ev . lEv >0.3mm max

where

Evmin = the minimumverticalilluminance,in lux;and

Evmax = the maximumverticalilluminance,in lux.

4.3.2 Relation betweenHorizontal and Vertical
Illuminance

As the illuminated field forms a major partofthefield of
viewofthecamera, an adequate horizontal illuminance is
important.A sufficiently good balancebetweenthe
horizontal and vertical lighting levels is obtained when
the average horizontal to the average vertical illuminance

ioo

(relative to eachofthe main camera areas or main camera
positions) is such that:

0.5 ~Eh lEv ~ 2av av

where

Ehav = the horizontalaverageilluminance,in lux;and

Evav = the vertical average illuminance,in lux.

4.3.3 The Uniformityofthe Horizontal Illuminance

On the playing field shall be:

Ehmin IEhmax ~ 0.5, Ehmin IEh
av
z0.7

where

Ehmin = the minimumhorizontalilluminance,in lux;

Ehmax = themaximumhorizontalilluminance,inlux;and

Ehav = the average horizontal illuminance,in lux.

4.3.4 Gradient

It is also important that there is not too great a change in
horizontalilluminanceover a givendistance.Forexample,
on large playing fields such asfootball pitchesthe
maximumgradientofhorizontal illuminanceshall be not
greater than 25 percent change per 5 m.

4.4 GlareRating

Needless to say,glare has a disturbing effect on the visual
comfort of both players and spectators. Glare can be
minimisedby payingcareful attentionto the aimingof the
floodlights relative to the main directionofview for the
sport or sports considered.

Some measures for limiting glare may be taken from CIE
Publication117-1995.

The glare rating shall be calculated for agreed observer
positions and anglesof view.

For viewingdirections not directly towardthe floodlights,
studyhas ledto a measurefor the degreeofglarerestriction
for outdoorsports floodlightinginstallations.The measure
is dependent upon two lighting parameters:

a) theveilingluminanceproducedbytheluminaires:
LvI; and

b) the veiling luminance produced by the
environment: L .

ve

Lvecan be approximated from the average horizontal field
illuminanceEhav

Lve (veiling luminance produced by the environment)
=0,035x Ehav xpht,wherep =the field reflectance.

.LVI (veiling luminance,producedby the luminaires)

= ! Eey;i
i=\ 8\
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where

E . = illuminanceon the eyeproducedby the ith
eye,' d

light source(lux); an

e = angle betweendirection of view and the
directionof light incidencefrom the ith light source
(degrees).

For L the light sourcesare thefloodlights,while for L
~ w

the bright field andbright surroundingsaretreatedas an
infinite numberof small light sources.The following
interrelationshipbetweenthesetwo parametersdescribes
the degreeof glare rating (GR) possessedby the
installationfor a certainobserverposition and viewing
direction:

GR=27+24 log [L~ / (L~ 0.9]

Here GRstandsfor GlareRatingfor Floodlighting.The
lower the.GR,the betterthe glarerestriction.

The assessmentscale givenbelowcorrespondswith the
valuesof the glarerating GR,

GR Interpretation

~ unbearable
80
70 disturbing
00
50 justadmissible
40
30 noticeable
20
10 unnoticeable

For outdoor floodlighting installations,where GR has
validity, a maximumGR value of 50 is required.With
the aidof the GRconceptit is possibleto find out how
much betteror worse, as far asglare is concerned,one
situationis comparedwith another.

So far,glarehas only beenconsideredfor the playersand
spectatorson or verycloseto the lightedarea.However,
stray light fromexteriorlighting installationscan also be
disturbingto peopleoutsidethe lightedarea, forexample
for traffic on adjacentroadsand for inhabitantsofhouses
in the neighbourhoodof the area. Inorderto limit this
problem,the floodlightsmustbe carefullyaimedand the
luminous intensitiesoutside the main beamof the
floodlights severelyreduced..

4.5 Modelling andShadows

The ability of the lighting to revealform andtexture, in
short,its 'modelling'ability is particularlyimportantifit
is to give apleasantoverall impression,not only for the
playersandspectators,but also for the.televisioncameras.
A quantitativemeasureof modelling having general
validity for all kindsof(indoor andoutdoor)sports lighting
is very difficult to arrive at. To limit the length and hardness
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of the shadowscausedby the players,the ratiobetween
the total flux installed (in the caseof an asymmetrical
floodlight arrangement),shall be generally60 percent
from the main cameraside and 40 percentfrom the
secondarycameraside.

4.6 ColourPropertiesof'Lamps

Two importantaspectsof the colourpropertiesof lamps
have to bedistinguished.

The colour appearanceof the lamp (TJ is the colour
impressionreceivedwhenlookingat the lamp itself. The
colour rendering(Ra) of the lamp is theability of the
light to reproducethe colours of an object faithfully.
Colouris importantin mostsports, and while somecolour
distortion attributableto the artificial lighting is
acceptable,colour discriminationshould not presenta
problem.

Televisionand film camerascall for a correlatedcolour
temperature(T c> in the rangeof2 000 K and 6 000 K in
order to avoid colour matchingand balanceproblems.
This isprovidedthatdifferencesin thecolourtemperature
between individual lamps are not too great. When artificial
lighting is used incombinationwith daylighting (during
thetransitionstage),it is preferredthat lampsshouldhave
a colour temperaturegreaterthan 4 000 K, to avoid
balanceproblems.

Colour renderingof lamps (Ra) shallalwaysbe better
than 65but the preferredvalue isgreaterthan 80.

5 UGHTING ~ A R A M E f E R RECOMMENDATIONS

5.1 The illuminance neededon the playing area
primarily dependson:

a) the levelofsportingactivity takingplace;

b) For vertical illuminance lighting for colour
television, the following parametersarecritical:

i) the apparentspeedof the ball (rapid
movementsof players should also be
considered);and

iI) the maximum distance between the players, or
betweenthe spectatorsand players, or
between the players or spectators and the ball.

5.2 The activityinany sports arena can be classified into
class I, II and III. The levelofcompetitionand thelighting
classificationis as givenbelow(see alsoTable 1):

a) Lighting ClassI: Top levelcompetitionssuch as
international and national competitions which will
generallyinvolve largespectatorcapacitieswith
long potential viewing distances.Top level
trainingcan also beincludedin this class;

b) Lighting Class II: Mid levelcompetitionssuch
as regional or local club competitionswhich
generally involve medium size spectator
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capacitieswith mediumviewingdistances. High
level training can also beincluded,in this class;
and

c) Lighting Class III: Low level competition such as
local or small club competitionwhich generally do
not involve spectators. General training, physical
education(schoolsports)andrecreationalactivities
will also come into this category.

Table 1 Level ofCompetitionandtheLightingClass
(Clause 5.2)

SI . No. Level of Competition Class

I II ill

(1) (2) (3) (4) (5)

i) Internationaland National x

ii) Regional )i x

iii) , Local x x x

iv) Training x x

v) Recreational x

5.3 Sports can beclassifiedinto three groups A,Band
C characterized mainly by speed of action occurring during
camerashots as statedbelow. This is an important
parameterin determining vertical illuminances.

a) Group A : Archery, athletics, billiards, bowling,
curling, darts, diving, horsejumping, shooting,
snooker and swimming;

b) Group B: Badminton, baseball,basketball,bob
sleigh, luge, football (soccer,American,rugby),
gymnastics,handball, hockey, ice skating, judo,
karate, lawn tennis, racing (motorcar, cycle, dog
and horse), roller skating, skijumping,ski racing,
softball, speed skating,volleyballand wrestling;
and

c), Group C: Boxing, cricket, fencing, ice hockey,
lacrosse, racquetball, squash and table tennis.

5.4 Eachof these groups is thensubdividedinto three
subsectionsaccordingto maximumshooting distance and
vertical illuminances(in lux) recommendedas given in
Table 2.

Table 2MaximumShootingDistance
(Clause 5.4)

Sl. No. Maximum Shooting 25m 75m 150m
Distance

(1) (2) (3) (4) (5)

i) Group of Sport A 500 700 I 000

ii) B 700 I 000 1 400

iii) C I 000 1 400

5.5 Recommendedvertical illuminancesfor various
groupsofplay and camera shooting distance are given in
Fig. 2.

6 LIGHTING RECOMENDATIONS

6.1 For non televisedevents,any event can be
classifiedinto the following:

a) t/r = Trainingand Recreational;

b) ca= AmateurCompetition; and

c) cp= ProfessionalCompetition.

6.2 RecommendedAverage(Maintained)Minimum
Illuminancefor Non Televised Activity

Recommendedhorizontalilluminance for different level
of sports activity for non televised events foroutdoorand
indoor sports events are given in Table 3A and Table 3B.
All recommendedhorizontal and vertical illuminances are
the average values.
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Table 3ARecommendationsfor Non TelevisedEvents:OutdoorSports
(Clause 6.2)

Class Horizontal
Illuminance(Lux)

Uniformity
(EmlnlEav)

Ra Glare Rating

American Football,Athletics, Basketball,Cycle Racing, EquestrianSports,Fistball, Football, Handball,Netball,
Rugby and Volleyball

I

II

III

500

200

75

0.7

0.6

0.5

>60

>60

>20

<50

<50

<55

NOTE - For Class III athletics and equestrian sports the minimumilluminance is 100 lux.

Swimming

I

II

III

500

300

200

0.7

0.7

0.5

>60

>60

>20

<50

<50

<55

NOTE - For diving, verticaluniformity should also be considered. Class I:0.8 EhlEv. Class II:0.5 EhlEv. ClassUI: 0.5
Eh/Ev.

Tennis

I 500 0.7 >60 <50

II 300 0.7 >60 <50

III 200 0.6 >20 <55

NOTE - Values refer to 'Total PlayingArea' as defined by ITF.

Baseball,Bandy, Cricket, Hockey, Ice Hockey, Ice Skating, Motorcycling and Softball

I 750 0.7 >60 <50

II 500 0.7 >60 <50

III 300 0.7 >20 <55

Outfield for Baseball,Cricket and Softball

I 500 0.5 >60 <50

II 300 0.5 >60 <50

III 200 0.3 >20 <55

Bobsleigh and Luge

I 300 0.7 >60 <50

II 200 0.7 >60 <50

III 50 0.5 >20 <50

Bowls sport (Lawn, Raff and Petanque)

I 200 0.7 >60 <50

II 1DO 0.7 >60 <50

III 50 0.5 >20 <55

Archery

I,II,IlI 200 0.5 >60 <50
Vertical Illuminance in luxI,Il,III 750 0.8 >60 <50
on target

Alpine and FreestyleSkiing

I 150 0.5 >60 <50

II 100 0.4 >20 <50

III 50 0.3 >20 <55
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Table 3A(Concluded)

Class

Ski Jump Landing Area

Horizontal
Illuminance(Lux)

Uniformity
( E ~ . )

Ra Glare Rating

I 300 0.7

II 200 0.6

III 200 0.6

NOTE - Run Down, Class I 50 lux (0.5), Class II 50 lux (0.3), Class III 20 lux (0.3)

>60

>60

>20

<50

<50

<55

Table 3 B Recommendationsfor Non Televised Event:IndoorSports
(Clause 6.2)

Class Horizontal
Illuminance(Lux)

Uniformity
(EmlnlE.)

Ra Glare Rating

Aikido, Basketball,Bodybuilding, Cycle Racing, Fistball, Floorball, Football, Handball, Jujutsu,Judo,Karate,
Korfball, Netball, Powerlifting, School Sports,Sumo, Taekwondo,Volleyball, Weightlifting, Wrestling, Wushu

I 750 0.7 >60

II 500 0.7 >60

III 200 0.5 >20

Boxing

I 2000 0.8 >80

II 1000 0.8 >80

III 500 0.5 >80

NOTE - Vertical illuminance at 1.5 m should be >50 percent of Eh.

Athletics, Dancing, EquestrianSports,Gymnastics,Roller Spottsand Wall Climbing

I

II

III

500

300

200

0.7

0.6

0.5

>60

>60

>20

NOTE - For wall climbing Class I: 500 lux vertical. Class II: 300 lux vertical. Class III: 200 lux vertical

Swimming (Aquatic Sports)

I 500 0.7 >60

II 300 0.7 >60

III 200 0.5 >20

NOTE - For diving, vertical uniformity should also be considered. Class I: 0.8 EhlEv. Class II: 0.5 Eh/Ev. Class III: 0.5 EhlEv.

Tennis

I 750 0.7 >60

II 500 0.7 >60

III 300 0.5 >20

NOTE - Values refer to 'Total PlayingArea' as defined by ITF.

Badminton,BasquePelota,Cricket, Cricket Nets, Curling, Fencing,Hockey, Ice Hockey, Ice Skating, Racquetball,
Squashand Table Tennis

I

II

III

750

500

200

0.7

0.7

0.7

>60

>60

>20
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NOTE - For fencing, Class I: 500 lux vertical. Class II: 300 lux vertical. Class III: 200 lux vertical. Cricket nets,
Class I: 1500 lux (0.8). Class II: 1000 lux (0.8). Class III: 750 lux (0.8)
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Table 3B(Concluded)

Class Horizontal , Uniformity Ra Glare Rating
Illuminance(Lux) (EminlEaV>

Billiards

I 750 0.8 >80

II 500 0.8 >80

III 500 0.8 >80

Bowls Sport (Lawn, Raff, Petanque)

I 500 0.8 >60

II 500 0.8 >60

III 300 0.5 >20

Bowling, Archery, Shooting

I 200 0.5 >60

II 200 0.5 >60

III 200 0.5 >60

Vertical Illwninancesin lux I, II, III
on pins 500 0.8

on target at 25 m 1 000 0.8

on target at 50 m 2000 0.8

7 EMERGENCYANDSTAND liGHTING

7.1 Emergencylighting is either part of the main
lighting system or a separate system designed to operate
for a specified period when the main supply has failed.It
should provide sufficientillumination to allow for the
safe movementof people away from the affected area.

Sports centres and stadiums suitable for holding different
games and having a flexible switching system for each
of these games should have provisionof emergency or
escape lighting to suit this flexibilityofusageof the total
arena and the main lighting system.

Spectators using the sports arena may be expected to be
unfamiliar with the layout.Considerationshould be given
thereforeto the installation of a maintainedsystem
particularly in respectof exit signs. Illumination is
required not only in the event of a complete failureof the
supply of normal lighting, but also whenthere is a
localized failure if such failure presents a hazard.

Luminaires for emergencyshouldbe placednear the
,intersectionof corridors, at each exit door, near each
changeof direction, staircase, changeof floor level, etc.

Emergency lightingcalls for a minimum levelof1 lux to be
provided in areas requiringemergency/escapeillumination.

The useof high pressure discharge lamp lighting within
sportshalls or centresis most commontoday. With
discharge lamps, the run up timeof 2 to 5' minutes and
restrike timeof 1 to 15 minutes to reach maximum lumen
output is usual. Some discharge lamps are also available
with a hot restrike version, where the light is restored

immediatelyas soon as power becomes available. It is
recommendedthat a certain numberof luminaires which
will provide lights to maintain the minimum lighting level
for emergency TV broadcast, should be with hot restrike
option. Howeverinthe interim period, between a power
failure and restoration eitherof the main supply orof an
alternatesource(like standbygenerators),a standby
systemof low voltage luminaires (TL or halogen) with
battery back up should be provided especially at strategic
locations like evacuation paths and exit doors.

8 SPECIAL EVENTS, LANDSCAPE AND
OUTDOORliGHTING

More and more a sports facility is no longer treated as an
infrastructure for a game to be played. Increasingly, it is a
social area, and major sports events are even treated as a
spectacle. Provision should also be made to install lighting
for specialeffects and light shows,especiallyduring
opening and closing ceremonies. Decorative floodlighting
ofthe external structure and landscape lighting should also
be well integrated during the planningof the projects.

9 DATA REQUIRED BEFORE STA,RT, OF
liGHTING DESIGN

As sports lighting design is a fairly complex process, itis
important to gather the following field data as accurately
as possible before the startof the process:

a) Detailed drawingsof the stadium;

b) Field dimensions;

c) Feasibilityofdifferent luminaire arrangement;
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/

205



SP 72 : 2010

i) For corner mast location, a site survey needs
to be done, to assess the practical situation
of mast location and to check if the
recommended location is as per the relevant
standards;and

ii) For roof mounting, structural feasibilityof
mounting luminaires,gear tray, cables,
walkways, etc and the lengthofcoveredroof
are required;

d) For cameralocations, distance from the field
centre and height are required. Usually there will
be a media room in the main stands, and the main
camera is located in frontof it. It is important to
check the location of secondaryand other
cameras; and

e) Agreement on specifications and calculations are
required.It has to be checked whether vertical
illuminance calculation will need to be done for
secondary cameras also.

10 LIGHTING RECOMMENDATiON FORCOLOUR
TELEVISION BROADCASTING

10.1 For sports like soccer, hockey, tennis and athletics,
individual guidelines issued from time to time by FIFA,
FIR, ITF, and GAISF shall be followed."For televised
sports, thefederationguidelinesand standardsshould
be followed:

a) FIFA Guide to the artificial lightingof football
pitches;

b) Fill Guidetotheartificial lightingofhockeypitches;

c) ITF Guide to the artificiallightingof tennis courts;

d) GAISF Guide to the artificial lightingof indoor
and outdoorsports venues;

e) lAAF Manual;

t) CIE 112 (1994) - Glare evaluation system for use
within outdoor sports and area lighting;

g) crn 83-1989Guide forthe lightingof sportsevents
for colour television and film systems;

h) CIE 169-2005 Practical design guidelines for the
lighting ofsport events for colour television and
filming; and

j) EN 12193:1999 Light and lighting. Sports
lighting.

As a general guideline, the average maintained vertical
illuminance levels given in Table 4A and 4B, can be
consideredat a height of 1.5 m above the area of
competition,parallel to the four sidelinesin caseof
unrestricted camerapositionor towards the directionof
fixed cameraposition. A brief summaryof lighting
standards can also be taken as a general guideline.

11 DESIGN CONSIDERATIONS

The fundamentallighting criteria that have to be
considered when designing sports lighting installations
are discussed in the previous sections. This section gives
practical design guidelines.

11.1 TypeofLamp

In sports lighting the following lamp types are used:

Table4A AverageMaintainedIDuminanceLevels for Major Events
(Clause 10.1)

Eh Uniformity" Ev Uniformity Ra GR
~ ~

EminlEav EmmlEmn EmmlEav EminlEmn

HDTV 1 500-3 000 0.8 0.7 2 200 0.7 0.6 >90 <50

Slow motion
Camera 1 500-3 000 0.8 0.6 1 800 0.7 0.5 >80 <50

Fixed
Ca1nera 1 500-3 000 0.8 0.6 1 400 0.7 0.5 >80 <50

Mobile
Camera 1 500-3 000 0.8 0.6 1 200 0.5 0.3 >80 <50

NOTE -"It is recommendedthat the ratio forhorizontal illuminance (Field of Play) is between" 0.75 and 1.5of the
vertical illuminancefor cameras. Where there is HDTV, allhorizontalvalues forothercamerasare as for HDJ:Y.

Table 4 B AverageMaintainedIlluminanceLevels for NationalEvents
(Clause10.1)

Ra GR

Camera 1 000-2 000 0.7 0.5 1 000 0.6 0.4 >80 <50
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a) tubular fluorescent;

b) metal halide; and

c) high pressure sodium.

Tubular fluorescentlamps aremostly used in interior
sports lighting with low mounting heights, they are
employed toadvantagein ceiling luminairesto obtain
glare free installations.

The metal halide lamp has anefficacy between65 and
901mIW.Its white light (T, between4000and 6 000 K) has
good colourrenderingproperties(Rabetween65 and 90)
and its spectrum is especially suitable for colour television
and filming. Its verycompactshape and its high luminous
output make it very suitable for use in precision
floodlights. A wide rangeof metal halide lamps are
available these days, thecompactshort arc lamps ideally
suited for internationallevel of play. It is these lamps,
which are generallyusedfor outdoor sports lighting
installationsfor colour televisionbroadcasting.

The high pressuresodium lamp has aneven higher
efficacy, up to 130ImIW. Its colourrenderingis moderate
(Ra approximately25), and this restricts its use to those
applicationslike recreationaloutdoor sports,where
colour does not play animportantrole.

11.2 Type ofLuminaire

11.2.1 PhotometricCharacteristics

Two photometriccharacteristicsof major importancein
any luminaire are its light output ratio and its light
distribution. A designcombininga high light output ratio
and a good lightdistributionis essentialif goodquality
lighting atminimum operatingcosts is to be obtained.

Floodlights are characterizedaccordingto their light
distribution:

Circular Floodlights with Rotationally Symmetrical Beam

These have aconically shapedsymmetricalbeam. Both
narrow and wide beam types are available; and

RectangularFloodlights

These are available in two versions:

a) With a symmetricallight distribution in the
horizontaland vertical planes. In thehorizontal

'planethe beam is wide, while in the vertical plane
it is either wide or narrow;and

b) With a symmetrical light distribution in the
horizontal plane and an asymmetrical
distribution in the vertical plane. Also here the
horizontal beam is wide.

The rectangularfloodlight offers theadvantagesover the
circularunit whenmountedcloselyspaced along the sides
of a playing field, the normal arrangementfor a small
field, of giving a moreuniform light distributionand less
wastageof light (seeFig. 3).

The circularfloodlight howeveris moreefficient than the
rectangularunit whenused in the four comer,diagonal
arrangementprovidedseveral units per mast are used(see
Fig. 4).

12 LIGHTING DESIGN AND INSTALLATION
ASPECTS

Prior to the startofdesignofanyproject,it is importantto
first know, what levelof play the sports facility will be
used for.

Sports facilities can beclassifiedin the following categories:

a) Outdooror indoor stadium;

b) Typeof sports being played;

c) Level of competition;and

d) Whetherevents will be directlytelevisedor non
televised.

The following issues arerelatedto the lighting design
and installationaspects:

a) Typeof lighting arrangement;

b) Lighting calculation;

c) Switching steps; and

d) Aiming andcommissioning.

12.1 DesignAspects

a) Listingofquality criteriabasedon which lighting
design is done;

b) Integratingthearchitecturalfeaturesofthe sports
complexespecially for indoor halls. Lighting will
add anumberof elements, such as floodlights,
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Fig. 3Rectangularand CircularFloodlightsMounted
_~l~_sel~ Spacedalo~g the Sidesof a PlayingFi~ld

Fig.4 CircularandRectangularFloodlightsMountedin
Corners,DiagonalArrangement,of a PlayingField
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For recreationalsports, thefollowing calculationsare
normally done:

a) AverageHorizontalIlluminance;

b) Horizontal Uniformity RatioUl = EminlEmax; and

c) Horizontal Uniformity Ratio U2=EminlEav•

Forprofessionallevel play, the most common calculations
required will be:

a) Average Horizontal Illuminance;

b) Horizontal Uniformity Ratio UI = E .IE ;mm max
c) Horizontal Uniformity Ratio U2 =EminlE

av
;

d) Ratio between Eh and Ev;

e) Uniformity Gradient - Horizontal;

f) Average Vertical Illuminance towardsmain
camera, and other auxiliary camerasas
demanded by sport and broadcasting authorities;

g) VerticalUniformity RatioUl = EminlEmax;

h) VerticalUniformity Ratio U2 =EminlEav;

J) Uniformity Gradient - Vertical; and

k) Glare Rating Calculation.

13.1 CalculationGrids

For lighting calculation, the playing surface is subdivided
into smaller sections and calculations are carried forthat
point. These are called grid points. The value shown at a
grid point isrepresentativefor the area surrounding that
point, provided the grid size follows the guidelines given
below for various games:

a) For small playing area, grid size of 1m x1m,or
2 m x 2 m is considered;

b) For soccer, hockey, grid size of 5 m x 5 m; and

c) For large areas like cricket, grid size of
10mx 10mis considered.

For the specificationof horizontal illuminance, the grid
considered is at ground level, for vertical illuminance it
is normally considered 1.5 m above ground level.

Glare calculations are carried out for particular observer
positions. The standard observer positions and viewing
directions for glareevaluationsare defined for various
sports under separate guidelines.

ANDCALCULATION

lighting masts,catwalks,mounting cables,
switchgear, etc;

c) In the caseofa large stadium, the lighting system
can be integrated in theroofstructure. However,
this is not possiblealways, as there may be
limitations in the location and heightofthe roof,
its easeof access, its load carryingcapability
and so forth. If an integratedsystemis not
feasible, then masts have to be installed. These
can be employ.edin a corner or in a side
arrangement,but mixed arrangementsmaking
useof the roofover the main stand and masts at
the opposite side are also used. The choice will
dependon the architecturalfeaturesof the
stadium in combinationwith the lighting
requirements; and

d) Mast Locations.

Where masts are used, the light outputof the
floodlights shouldbe obstructedas little as
possible either by the luminaires themselves or
by the headframe construction.Tilting the
headframeforward is usually sufficient to
overcomethis problem, provided there is
adequate space between the floodlights and the
frame. Manypopularsports like soccer, field
hockey and tennis havelaid down guidelines on
probablemast locationsfor various levelsof
play. The height of the mast must increase
proportionally (to minimize glare)if they are
taken fartheroff from the playing arena.

It is recommendedthat the line joining the center
of the headframe carrying the floodlights to a
point in the centreof the pitch should make an
angle not less than 25°(seeFig. 5).

13 LIGHTING
INTERPRETATION

It is common nowadays, when designing sports lighting
installationsto make useof computeraids. Computer
printouts support the lighting design in showing
quantitative valuesofmostofthe lighting parameters such
as horizontal and vertical illuminance, uniformity ratios,
glare marks, etc.

Fig.. 5 PositionofHeadframe

. 14 CAMERA AND OBSERVERLOCATIO~S

The cameralocations are usually indicated in the
specifications and drawings.

The main camera isusually locatedto the sideof the
playing area in line with the centre line (for example,
football, athletics, basketball, volleyball and handball).
But for some sports (tennis, badminton, table tennis and
squash) it may be located instead, at one end. In sports
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where there is a finishing line (for example, athletics,
cycling, horse racing and swimming) a (second) main
camera may be located in line with this.

Additional camera(s)can belocatedbehind the goal
(football and hockey) orto the sideofthebaseline (tennis),
with portablecameras where needed (athletics, cycling,
skatingand trackedcamera for swimming).In general,there
is a tendency to use multiple camera locations for most
typesof sport.

In the computer programmes the (vertical) planes face a
specified referencepoint which can begiven. This
referencepoint should be specifiedaccordingto the
cameraposition(s)considered.

Separate calculations are very often made for a numberof
these positions (main camera, auxiliary cameras, etc).

In designs that are critical with regard to glare, it may be
required to include glare calculations for various observer
locations.

14.1 Interpretationlfolerancesin ComputedValues

The photometricvalues shown in the calculations are as
exact as the input data on which they are based. In practice
however, there can be a difference between calculated
and measured values due totolerancesin the lamp and
luminaire and in the way theinstallationis realized.

1SWMINAIRE AIMING

Once properly installed, the luminaires must be aimed.'
This can be done either with aidsincorporatedin the
floodlights or, with special aiming devices. For smaller
installations,the former method is more usual, the
elevationof the floodlight being set using, for example,
a scale on the housingcalibratedin degrees.

16 ELECfRICAL INSTAlLATION

The lightingsystems for recreational and training purposes
(categories r and c) are normally very simple. In most cases
only one switching option is included, although for a
multipurposesports facility switching steps can bebuilt
in for the various sports, perhaps for different smaller
courts (for example, handball), or for the total area.

Where the lighting isfor.(professional)competition level,
a 50percentswitching step is very often included, along
with steps appropriate to recreation and training purposes.
Theseswitching steps may also beaccompaniedby a
provision for switching the lighting to suit various types
of sport.

In large installations,the numberof switching steps
included for the sporting activities themselvesoften.
conforms to the twoexamplesgiven here,one a main
stadium and the other amulti-sportshall.
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Switching steps for lighting forrecreationalpurpose is
pretty simple and is usually one simple switching step.

. For multipurpose halls,differentswitching options may
be made available fordifferentsports played.

For professional level play, it may be more complex.Apart
from providing additional switching for training and
national levelcompetition,additional switching options
are required.

Typical switching steps for a soccer and athletics stadium
can be:

a) Training Soccer;

b) Training Athletics;

c) Competition Soccer;

d) Competition Athletics;

e) EmergencyTV Soccer;

t) EmergencyTV Athletics;

g) CIV Soccer; and

h) CIV Athletics.

Stepse) and f) are usually necessarybecauseof
guaranteesrequiredby broadcastingcorporationsfor
maintaining CTV coverage in the eventofpower failure.
The floodlights required formaintainingthe minimum
acceptable CTV quality (main camera only) are connected
to generatorsets, UPS or alternative source, and may be
equippedwith hot restrike devices.

17 MEASUREMENTS

Lighting measurementsshould only be madeusing
suitable (amongst otherthings,cosinecorrected), accurate
and recentlycalibratedinstruments.Correctionfactors
may be necessary according to the typeof light source
being measured tocorrectthe instrument used. Voltage.
measurements should also be done to avoid difficulties
when comparingcalculatedand measureddata. It is
evident that voltage values,weatherconditions, the
accuracyof the measuring equipment, etq! are important
when explaining differences in measured andcalculated
values.

Interpretation/Tolerancesin ComputedValues

A difference between the measured and calculated values
is likely to occur as a resultof:

a) Tolerances inmanufacturingluminaires, lamps,
etc:;

b) Tolerancesin the photometricmeasurements;
and

c) Tolerances inpositionand aimingofluminaires.

Additional differences can be caused by voltage variation,
which have to be taken into account.
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maintenanceoperations.The relativeimportanceofeach
ofthesefactors isdependentupon the localcircumstances
prevailing regardingsuch things as the cost of labour
and thecostandavailability ofmaterialsand energy.
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18 UGHT DEPRECIATION AND MAINTENANCE

The lighting level providedby a lighting installationwill
decreasethroughoutits life as aresultof:

a) depreciationof the lamps and theluminaires;

b) dirt accumulation on the lamps and the luminaires;

c) depreciationof room surfaces;and

d) lampsurvivalrate.

Planningthemaintenanceoperationis thereforeessential
if theoriginaldesignparametersare to be metthroughout
the life of the installation.As such, it isexpectedthat
lamp changeand cleaningintervalswill form a part of
the lighting design for aspecificarea.

The maintenancefactor shall be agreedbetweenthe
designerand customerat the outset. This shallinclude
the plannedmaintenanceprogrammeon which the
maintenancefactor is based.Ifno maintenancefactor is
agreed,a valueof 0.8 shall be used.

19 COSTAND ENERGY

Many factorsplayarole indeterminingthe cost and energy
effectivenessof a lighting installation. There are, for
example,the lamp andluminaire type, the luminaire
arrangementandmountingheight,and aids formounting
the luminaires (masts,ceiling, stands,etc) and the

20 GWSSARYOF TERMS

Term Symbol

Illuminance Ecam
toward camera

Illuminance
Uniformity

UI

U2

Illuminance
Gradient(%)

Glare Rating GR

Explanation

Illuminance on a plane
1.5 m above the pitch and
perpendicularto the lens
axis of a specific camera.
Describes how evenly
light is distributed over the
pitch surface and is
expressed by the ratiosof
UI and U2.
Uniformity expressed as
the ratio of Emin/Emax.
Uniformity expressed as
the ratio of Emin/Eav.
The difference in
illuminance between two
adjacentpoints on the
pitch.
The degree to which a
lighting installation is
disturbing to persons on or
near the pitch.
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nlumi~ation EngineeringandLuminairesSectionalCommittee,ET 24

FOREWORD

Title

Luminaires: Part 1 Generalrequirements

Methodofphotometryofluminaries:Part 1 Luminaires for use in
interior lighting

Methodofphotometryof luminaries:Part2 For road andstreet
lighting

Methodofphotometryof luminaries:Part3 For flood lighting

Electromagneticcompatibility(EMC):Part 3 Limits,Section2
Limits for harmoniccurrentemissions(equipmentinput current
~ 16 A per phase) (FirstRevision)

13383(part3):1992

14700(Part3/Sec2):2008

13383(part2):1992

Metros form an integral partofMass RapidTransitTransportSystem (MRTS), in urbancentres.The metro system can
be describedas anelectric passengerrailway in urban areas with highcapacityand frequency.Metro systems are
typically either in tunnelsor elevatedabove street level.Serviceis providedon designatedlines usingelectrical
multiple units on rails. It shares manycharacteristicswith suburbanrail systems. Theillumination of metro systems
requiresproperattentionright at theplanningstage,keepingin mind thediverseareas and itsspecialrequirements.
The metro apart from being a meansoftransportalso fulfils many social needs.Lighting design should besustainable
and efficient,throughproperselectionoflightingequipment,and at the same time serve tocreateapleasantambience.
In view of the largenumberof peopleavailingmetro services,propercare must be given to the safety andsecurity
needsof the passengerand staff. .

The following Indian Standardsare necessaryadjunctsto this section.

IS No.

10322(part1):1982

13383(Part1):1992
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ATIO AL LIGHTING CODE

P RT6 E TERIORILL
cction 7 LIGH I G FOR I S RAPID TRA

( RT)

TIO
ITTR PORT YSTE

OPE

2 TERMll OUX;V

The defin itions given in Part Iof thi code hall apply .

This sectio ncover the guide line forde.ign, in tallation ,
and maintenanceof lighting to be followed for metro
y tern .

Platform;

PlatformEdges:

oncour e (paid and unpaid area):

Building Facade. ignage. and (Artifi cia l
Greeneries and Water bodies , if any);

Landing; and

Restroom and Toilets.

b)

a)

c)

Public rea s: The e can be de cribed a area u ed
enger . The public area in a metro y tern are:

Private/Public Park ing Areas andApproach
Roads;

Entrance/Exit Area (Public. ernbly):

Train Oi play rea:

d) Circulation rea;

e)

l)

g)

h)

j)

k)

4.2
by pa

4.3 on-Public rea ': The e can be described a area
re tricted to pa engers and arc used by metrostaff for
operationof metro services.The non-public areas in a
metro system are:

a) Railv ay Yard ':

b) ark hop and ar hed:

c) In pection Bays:

d) Tunnels;

TEMIETRO

The metro ystem may be divided into the following three
categories:

a) Underground:Trains run in anetv ark of tunnel
under the city. Thi formatof the metro i . popular
where land co t are high:

b) Elevated/ urface: Trains run on dedicated
corridors, at street level or elevated above street
level; and

c) ixcd: Train run on a nctv ark cornpri ing
undergroundtunnel along withelevatedand
urface corridor .

3

4 APPLIC '1'10 REAS

4.1 Theapplicationarea can be broadly divided into
tv a categoric:Public rea and Non-Pub lic Area .

Fig. 1 Typical ctro Concourse rca
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e) Railway Offices;

t) SignalingRoom;

g) StationControlRoom;

h) StoreRooms; and

J) BatteryRooms.

5 PERFORMANCEREQUIREMENTS

5.1 GeneralRequirements

The lighting systemshould be installedthroughoutall
station areas,tunnels, ancillary buildings, station
forecourts,parking areas,auto, taxi and busdrop off
points, relocatedand new accessroads.The lighting
should take into account efficiency, symmetry,
application,glare, glare to CCTV or signage,computer
screenenvironments,maintainabilityand long life. The
lighting designshould achievea bright look, avoid any
dark patchesand afford easy safeaccessto all the areas.
The lighting should be sufficient to avoid any unsafe
situationunderany normalor abnormalconditions.The
type and quantity of lighting equipmentand their
luminous intensity should relate to the spacebeing
illuminated and take into accountthe effect of the
architecturalspace,conceptand colour scheme.
Emergencylighting systemsshould be installed to ensure
that all the escaperoutes including tunnels,from the
variousareas can besafelyand effectively identified in
an emergencysituation.All station and passageways
should have emergencylighting poweredfrom the
essentialpowerswitchboard.

The lighting systemrequirementsassociated'with the
electricalsystemsandequipmentshouldcomplywith the
relevantlateststandardsandcodesof practice.

5.2 Criterion for DesignandSelectionof Lighting
Equipment

Selectionoflighting equipmentwill dependon the
following factors:

a) Ceilingtype;

b) Mounting heightIMountingpossibility;

c) Application areas (for selection of IP
classification);

d) Criticality ofrestrictingglare;

e) Importanceofcolour rendering index (mainly for
selectionof lamps); and

t) Useof lamps withpropercolourtemperature.

6. LAMPS

For indoor areas linear andcompactfluorescentlamps
should be used. Preferenceshould be given to
environmentfriendly lamps with low mercurycontent .
(less than 3 mg).

216

For semi-outdoorand outdoorapplicationspreference
should be given to highintensitydischargelamps.

6.1 LinearThbularFluorescentLamps

These lamps are available in different wattages, diameters,
lengths,efficacies,colourtemperatures,CRI, and life in
burninghours.Recentdevelopmentsin linear lamps have
resulted in furtherreductionoflampdiameter and increase
of lamp life. The increaseof lamp life is highly
advantageousfor the metro where'the daily usageoflamps
is high, and relamping is disruptive causing inconvenience
to passengers.Taking thesepoints into consideration,it
is preferableto use lamps with longer life in burning
hours, in the rangeof 24 000 to 42 000burning hours
and above. The lamp life further increases when used with
standardelectronicballasts.The useoflampswith longer
life causesa reductionof maintenancecost per point,
which leads to a highamountofsaving,' as the numberof
fluorescent lamps used is quite high in a metro installation,
typically 1 000 andabove.Fluorescentlamps with a
diameterof16 mm(T5) also offersignificantadvantages.
Theselamps havehigherefficaciesthanstandard26 mm
diameter(T8) lamps, bringing down the energycosts
significantly.

The availabilityof differentwattagesfrom 14W to 80W
and lumenoutput from 1 350 lumens to 7 000 lumens,
increasesthe utility of FTL lamps in metroapplications.
The smallerdiameterofthese lamps alsopermitsthe use
of luminaireswith sleekerdimensions,resultingin better
aesthetics.Shatter-prooflamps with protectivecoating
can also be usedwhere open luminairesare used, for
increasedsafety.

For metroapplicationsit is recommendedthat the lamp
selectedshould meet thefollowing criteria:

a) Lamp Efficacy:>90 lm/W;

b) ColourRenderingIndex:> 80;

c) ColourTemperature: 4 000 to 6 500 K; and

d) Life: with HF at least 16 000 burning hours.

6.2 CompactFluorescentLamps(CFL)

Theselamps have beendevelopedto provide a very
energyeffective lighting solution. CFLs are acompact
light sourceand like linear fluorescentlamps they ar~
availablein different sizes,wattages,efficacies,colour
temperatures, CRI and life inburning hours. CFLs are ideal
for use in,orientation,decoration,security, task lighting
and areas withrelativelylow lighting requirements.Their
compact'size makesthem very popular for use in
downlighters.ThedevelopmentofhighwattageCFLs up
to 120 W and highlumenoutput, now permits its use in
medium andhighbayindoor lighting. The high wattage
lamps arevery useful in lighting double height areas such
asescalatorareas,staircaselandings, etc.. While selecting
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CFLs for metro application,the following parameters

should be met:

a) InstantStart;

b) ColourRenderingIndex:> 80; and

c) ColourTemperature:4 000 to 6 500 K.

6.3 High Pressure Sodium Vapour Lamps

High pressure sodium lamps should be used where efficacy
and long life aremore importantthancolour rendering.
Sodium lamps have thehighestlamp efficaciesamongall
high intensity dischargelamps. High pressuresodium
lamps give a golden white light which gives a w,arm
appearanceand bettervisual acuity. Theselamps have a
universalburningpositionand lowsensitivityto voltage
fluctuations,which makethema very reliablechoicefor
outdoorapplications.Thesodiumlampsselectedshould
meet thefollowing criteria:

a) Lamp Efficacy: > 130lrn/W;

b) ColourRenderingIndex:> 23;

c) ColourTemperature:2 000 K;

d) Life: > 10 000burninghours;and

e) RestrikingTime: <30s.

6.4 MetalHalideLamps

Metal halidelampsshouldbe usedwherelamps with high
efficacy as well asgoodCRI are required.Metal halide
lamps have the highestefficaciesand lamp life after
sodiumtype lamps.Metal halide lamps giveattractive
white light, thus increasingvisibility and creatinga
pleasantambiance.The metal halide lamps selected
shouldmeetthe following specifications:

ColourRenderingIndex:> 65 for 250Wand400 W; for
lower wattage70 Wand150 W, it shouldbe > 80.

In the family of metal halidelamps, there is a type with a
ceramicdischargetube.Thesearecompactin size and are
available in lowwattages.Thesecan be used indoors in
areaswith high ceilings and outdoors in decorative
applications and forfloodlighting in pedestrianprecincts.
Thecompactceramic discharge metal halide lamps selected
for metro applicationsshouldmeetthe following criteria:

a) Lamp Efficacy:> 95 lrn/W;

b) Colour RenderingIndex:> 80; and

c) Life: 6 000 to 15 000burninghours.

7 LUMINAIRES

Luminairesshould have adownwardlight outputratio of
the orderof 70 percentand shouldnot cause glare to the
passengersand thetrain drivers. Luminairesshould be
weatherproofso asto-avoidfailure due to waterseepage
in tunnels.Collection of dust on the optical/reflecting
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surfaceimpairingthe lightoutputshould beprevented.It
should bepossibleto clean it with ease and thereflecting
surfaceshould not get defaced for at least 10 years. The
luminaireswhen mountedoutsidethe stationareas must
have suitableprotectionagainstdust, moistureand rain
(IP52/54is preferred).The luminaireshall not emit toxic
gasesin caseof fire. All the componentsincluding the
internal wiring of the luminairesshould bemanufactured
of materialwhich areof the low smoke and zerohalogen
type. Luminaires should be the instantstart type and without
anyrestrikingtime for theundergroundareas and tunnels.

Luminairesselectedshouldhave thefollowing features:

a) Luminaires should be designedfor good
performanceunder the following ambient
temperatures:

i) Indoorluminairesat 45°C;and

iI) OutdoorluminairesatJ5°C.

b) Luminairesshould be able to operateat ± 6
percentvoltagefluctuationwithout appreciable
lighting level variation;

c) Luminaires should conform to IS10322(part1);

d) Photometrytestingshouldbe carriedout as per
IS 13383(Part1 to Part3); and

e) Luminaires for fluorescentlamps should
preferablybe with electronicballasts.

8 BALLASTS/CONTROLGEAR

Ballastsarerequiredto drive the lamp.Thereare two kinds
ofballastsavailable:electromagneticor EM ballastsand
electronicor highfrequencyballasts.Regardlessofwhich
type ischosen,the ballastsshouldbe of high efficiency.
Thetraditionalelectromagneticballastremainspopular,
but electronicballastsoffer significantadvantagesover
traditionalballasts;theylast longer,toleratehigh voltage
fluctuations, operateflicker-free and start quicker.
Additionally, they savecostsby using less power and
extendingthe livesoflamps.Theelectronicballastgives
projectdesignersfar greaterflexibility, to dim lamps, for
instance.Theyalsoenhancesafetyby protectingagainst
surgesin voltage and operatingat noticeably lower
temperatures.Electronic ballastsalso saveelectricitycosts
by generatingless heatand reducingthe load on air
conditioningunits.Electronichigh frequencyballastsare
also much lighter than conventionalelectromagnetic
ballastsmakingthemideal for metroapplicationswhich
are very proneto vibrationsbecauseof the continuous
passageof trains.

For low pressurelampssuch asfluorescentlamps used in
metroapplications,Onlyhighfrequencyelectronicballasts
shouldbechosenbecauseoftheirmeritsdiscussedabove.
For high pressuregas dischargelamps, highfrequency
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9 liGHTING LEVELREQUIREMENTS

i) Private/PublicParkingAreas 50

ii) Entrance/Exit (Public Assembly) 300

iii) Train Display/ReservationChecking 300

iv) Ticket Counters 300

v) Platform 200

vi) Platform Edges 250

vii) Concourse 300

electronic ballasts up to medium wattages have been
developed and they provide the samebenefits as ballasts
for lowpressure lamps.

Electronicballastsselected for metro applicationsshould
have extremely low ballast losses, long life, capabilityof
withstanding wide voltage fluctuations of±20 percent,
and cause no electromagnetic interference with other
equipment. The ballasts should be designed so that it
should function continuouslywithout any noise or hum.
While selectingballastsfor metro applicationsthe
following parameters should be met:

a) All luminaires for fluorescentlamps shall
preferably be with electronic ballasts;

b) It is desirable to have high power factor ballasts
for linear fluorescent lampsand CFLs;

c) Ballast efficiency defined as a ratio of lamp
wattage to total input power should not be less
than 0.95;

d) Ballasts should maintain consistent light output
for all fluorescent lampsover a voltagerange of
192to288 V;and

e) Input harmonic content should be< 10 percent.
Individual supply current harmonics should
conformto IS 14700(Part3/Sec 2).

9.1 PublicAreas

10. DFSIGNREQUIREMENTS

Lighting circuits should be divided into emergencyand
normal situations. At station entrances passengers enter

. passagesfromsunlit streetsand there shouldbe gradation
of the lighting level. Escalators and stairwaysshould be
well illuminated.Concourseand ticket hall areas require
a reduced levelof lighting except at ticket machines,
automatic fare collection (AFC) gates and the tops and
bottoms of escalators and stairs. The lightingintensityat
platform levelshould be compatiblewith that of the train
vehicle,reducingin intensityat platformends,particularly
the leading end, thus reducing glare to the driver on
enteringthestation. Lightingshouldprovideacontinuous
run adjacent to the platform so that the threshold of the
platform edge is wellilluminated.The lamp should not
be directly visible to the driver. Platform lightingshould
also take into account the need to highlightinformation
panels. This should take care of uniformlyilluminating
the train surface for ease of passengers to alightor board
the train. Luminairesused for lighting should also be of
high efficiency to increase the spacing to height ratio.
Care should be taken in the distribution ofluminairesin
relation to the performance of closed circuit television
cameras.

Lighting should conform to the lighting level given in
9.1 and9.2.Care should be taken to define the decision
and transitionpointsandareas of potentialhazardthrough,
properlighting. The lighting system should be designed
to minimize initial capital costs as well as thefrequency
and expense ofmaintenance.Luminaire locationsshould
permit accessibilityfor relamping and periodiccleaning.
Lighting should be designedto satisfy security
requirements and to provide a pleasant environment.
Lightingshouldemphasizedirectionalsignage,indicating
preferred circulationpaths and theinformationalsignage
that providesfor quickrecognitionof dangeranddecision
points.The lighting layoutshouldbe such thatthe failure
of any single lightingunit shall not leavethe area in total
darkness.

. AverageMaintained
Illuminance (lux)

(3)(2)

AreasSl.
No.
(1)

NOTE - 30 percentof the aboveillumination will
be cateredby luminaireson essential supply.

9.2

SI.
No.
(1)

i)

ii)

iii)

iv)

'v)

vi)

Non -PublicAreas

Areas

(2)

Railway Yards

VVorkshops/Locosheds

InspectionBays

Signalling Rooms

Station Control Rooms

Store Rooms/Battery Rooms

AverageMaintained
Illuminance (lux)

(3)

15-20

300

500

500

500

150

11 GLARE

The lightingdesign should minimizeglare by the correct
choice of location, number, type, and luminance of
luminairesand shieldingof lamps.Luminairesin control
rooms shall be positioned so that no reflected glarefrom
dials or monitor screens interferes with the operator's
vision.

12 EMERGENCYliGHTING

For security and safetyof passengers andstaff it is
essential that in the event of a power failure there should
not be totaldarkness.So it isrecommendedthat incritical
areas acertain number of luminairesbe placed on
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emergency supply. This emerge ncy line should be on
uninterrupted power supply. Theluminaires connected
to emergency supp ly should be sochosenthat they
provide at least 30percentofthegeneralilluminance level
in that area. Thi s will ensure that till the DG set takes
over or thepower comes back, there will be sufficient
illum inat ion to ensure the safety and security of the
passengersand staff. Emergency lighting should be
provided in all publi c areas, on escalators and sta irways,
escape routes including those in the tunnels, con trol
rooms,main offices, and plant room s.

13 AREAWI SE
REQUIREMENTS

SPECIF IC L IG HT ING

13.1 Public Areas

13.1.1 Approach Roads:

Lighting of approachroadsshou ld bedesigned to have:

a) Averagemaintainedillum inationof20 Lux; and

b) Uniformity (minlav)= 0.40.

Luminaires usedshouldhave good aesthetics,be dura ble,
provide efficient andglare free lighting and should be
easy to maintain.

13.1.2 Private/Public Parkin g Areas

The light ing designof private and publi cparking lots
should consider thefollowing:

a) Generallighting with highmasts with use of high
pressuresodium vapour/meta lhalide lamps.
He ight and numberwill depend onarea to be
illuminated;

b) Avoidance of ,spill' light and objectionable glare
wit h proper choice of lum inaires, like
asymmetric luminaires(seeFig. 3);

c) Useof high efficacy lampsto reducenumberof
light points andenergyconsumption;

d) Lamp with lowreignition time; and

e) Greeneries and parking lots with islesdemarcated.

.Forsemi-enclosedparkinglots atypical mountingheight
IS 4 to 6 m. TIle luminaire is mounted on trusses. Luminaires

Fig. 3 Asymmetric Luminairc

Fig. 4 Dust and Mo istureProof

selectedshould be su itab le forsurfacemounting and
lampsused, fluorescent and metal hal ide.

For parking areas with sheds the luminaires used should
be:

a) Dust andmoistureproof(IP65) (seeFig. 4);

b) Impact resis tance proof; and

c) Light weight and sturdy with polycarbonate or
diecastaluminium housing and with cover.

13.1.3 Platform Areas

Platforms can be considered as semi-outdoor areas with
a typical height of 2.7 to 4 m.

For platform areas,luminaires selected should meet the
co ns ide rat ions menti oned und er design requirement s.
Luminairesrecommended for use inplatform areas are:

a) Mirror optics luminaires with acrylic or glass cover;

b) Generalpurpose luminaires withpolycarbonate
cover; and

c) Symmetric-Asymmetricluminairesfor platform
edgelighting (seeFig. 5).

13.1.4 Concourse

Concourseareasgenerallyhave aheight of 2.4 to 5 m.
The concoursearea can bedivided into two parts; paid
concourseand unpaidconcourse.The lighting treatment
for both these areas isgenerallythe same.The light level
requirementis high, in the rangeof 300 lux .This area has

/((;\v~
Fig . 5 Symmetric-AsymmetricLuminairc
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very high footfalls. Linear fluorescentlamps with good
colour rendering,lamp life andefficacyshouldbe used in
these areas.Luminairesselectedshould be suitablefor
recessedmountingwith mirror optics.They should also
have goodefficiencyto achieveoptimumspacingas well
as goodaestheticsso that it isvisually pleasingto the
passengers.The luminairesusedshouldhave at least twin
lamps sothatin the eventofa lamp failure, thatparticular
area is not left in totaldarkness.

13.1.5 Restrooms

Restroomsaregenerallyareas with false ceilings.Lighting
should be doneusing downlightersto minimize energy
consumption.CFL lamps aregenerallychosenfor their
compactsize, easeof installation,high efficacyalongwith
long life and goodcolour rendering.

13.1.6 Facades and Signages

Advertising forms a major form of revenuefor metro
authorities.Major companiesfind it as an extremely
attractivemediumto communicateto a huge crosssection
of peopleavailing metro servicesdaily. Properlighting
effects applied to facadesand signagesincreasethe
commercialand prestigevalue of the metro as well as
createinterestin the mindof the passengers(seeFig. 6).
For facade andsignagelighting, LED solutionsshould be
used to get avibrant and dynamiceffect. Stationnames
can bedisplayedprominentlythroughLED signages.For
facade lighting LEDfixtures can beintegratedinto the
architectureitselfto enhancethe night timeview without
spoilingthe day time view.Usingthe striking andunique
featuresofLEDs, lighting effectscan be created. The long
life and low energyconsumptionofLEDsalso makes them
an idealproductfor theseapplications.

13.2 Non-publicAreas

13.2.1 YardLighting

Lighting of yardsshouldbe designedto have:

a) Averagemaintained illuminanceof15-20Lux; and

b) Uniformity (min/av)= 0.33.

SP 72 : 2010

Lighting shouldconsider:

a) Generallighting with highmastswith useof high
pressuresodiumvapouror metal halide lamps.
Height and numberwill dependon area to be
illuminated;

b) Useofasymmetricluminairesto avoid glare and
maximumenergyefficiency;and

c) Lamp with lowreignitiontime.

13.2.2 Workshop/CarShed

Workshopsand carshedsshould be designedto have:

a) Averagemaintainedilluminanceof300lux; and

b) Uniformity (min/av)= 0.40.

13.2.3 Inspection Bays

InspectionBays shouldbe designedto have:

a) Averagemaintainedilluminationof500 lux; and

b) Uniformity (min/av)= 0.40.

13.2.4Signalling/ControlRooms

In control and equipmentrooms,as well assubstations,
particularattentionshall be given to theillumination of
verticalsurfacessuch asscreens,controlpanels,switches,
and meters.Supplementarylighting may be used to
achieveproper visibility and minimize shadowsand
reflection in glass faces. Inbattery rooms, industrial
battenswith or without reflectorsmay be used.

13.2.5Tunnel/Trackway

Lighting systemsshould be installed in all tunnels.
Lighting interferenceor distractionwith the signal lamps
should be taken into consideration.Lighting fixtures
should contain instant start lamps. All tunnel lighting
systemsshould be on emergencysupply in running
tunnels.Care shouldbe takenthat luminairesplacedin
the tunnel do not infringe on train clearance.The
luminaires should have proper impact resistance protection.
Trackways should be provided with sufficient light to define
a path forevacuationunderemergencycondition.
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FOREWORD

Title

PVC insulated(heavyduty) electric cables:Part 1 For
working voltagesupto .and including 1100 V (Third
Revision)

Explosiveatmospheres:Part 1 Equipmentprotectionby
flameproofenclosures"d" (SupersedingIS 2148:2004)

Classificationofhazardousarea(otherthan mines) having
flammablegasesand vapoursfor electrical installations
(SecondRevision)

Electrical apparatusfor explosive gas atmosphere-
increasedsafety"e" (FourthRevision)

Electricalapparatusfor explosivegasatmospheres:Part 0
Generalrequirements(SupersedingIS 13346:2004)

5572:1994

ISfOEC60079-0(2004)

IS/IEC60079-1(2007)

6381:2004

Many liquids, gasesand vapourswhich are generated,processed,handledand stored in an industrial plant are
combustible.These,when mixed with air inappropriateproportionsmaybumreadilyif ignited. With regard to lighting
installationspotentialignition sourcesare,arcs, sparks or hotsurfacesproducedeitherin normaloperationor under
fault conditions.

As distinctfrom thehazardousareas inplantsandbuildingson thesurface,environmentalconditionsin mines demand
specialconsideration.This partof the code does not includeprovisionsfor installationsin undergroundmines.

The following Indian Standardsarenecessaryadjunctsto this part.

IS No.

1554(part1):1988
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PART 7LIGHTING FORHAZARDOUSAREAS

1 SCOPE

This partof the code deals with the design andselection
of lighting equipmentand lighting installations in
hazardousareasexcludingundergroundmines.

2 TERMINOLOGY

For thepurposeofthis part thedefinitionsgiven inPart1
of this code shall apply.

3 HAZARDOUS AREAS AND AREA
CLASSIFICATION

a) A hazardousatmosphereis anatmospherewhere
any flammable gas or vapour occurs in a
concentrationcapableof ignition undercertain
conditionsof operationor occurrence;

b) In accordancewith the petroleumrules, an area
is deemed to be ahazardousarea where

o Petroleumhaving a flashpoint below65°C
or any flammabIe gas or vapour in a
concentrationcapableof ignition is likely to
be present;

ii) Petroleumor any flammable liquid having a
flash point above 65°C is likely to be refined,
blended,handled or stored at or above its
flash point; and

c) The basis for hazardousareaclassification
recognizesthe differing degreesof probability
with which flammableatmospheresmay arise in
installationsin terms of both thefrequencyof
occurrenceand the probableduration of
existenceon each occasion. With thisunderlying
philosophy, a hazardousarea is divided into
zonesas follows:

Zone 0 - An area in which a flammable
atmosphereis presentcontinuouslyor is likely
to bepresentfor long periods;

Zone 1 - An area in which a flammable
atmosphereis likely to bepresentperiodicallyor
occasionallyduring normaloperation;and

Zone 2 - An area in which a flammable
atmosphereis not likely to occur in normal
operation.If it does occur, it will exist for a short
time only.

Furtherelaborationson thesubjectmay be had from the
Indian PetroleumRules andrecommendedpracticegiven
in IS 5572.
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4 LIGHTING SYSTEM DESIGN

4.1 Generally a lighting system is designedfor a
415/240V system withillumination levels as per good
engineeringpracticeand asrecommendedelsewherein
this document.The systemconsistsof a lighting
distribution board, lighting and power panels, lighting
fixtures,junctionboxes, 3 pin 6A /16 Acombination socket
outlets, cable glands, etc, asrequired.Lighting and power
panels are oftenlocated in the field and are fedpower
from a central lightingdistributionboard. These panels
aregenerallyprovidedwith miniaturecircuit breakersor
switch and fusecombinationunits for the control and
protectionof individual lighting circuits. An earth leakage
(residual current)protectivedevice (RCCB) is provided in
thesepanelsto meet thestatutoryrequirement.

4.2 Hazardousarea luminaires generally are not
requiredin non-plantbuildings,open areas and roads.

4.3 All theequipmentrequiredfor lighting systems are
selected inconformanceto the required areaclassification
andenvironmentalconditions.

5 SELECTION OF EQUIPMENT FOR
HAZARDOUS AREAS

5.1 Forselectionof the suitablyprotectedequipment
for hazardousareas,the following information is
necessary:

a) Classificationof the area, that is, the zone;

b) The ignition temperatureof the gas orvapour
involved, or the lowest value of ignition
temperature if more than one combustible material
is present. This willpermitdeterminationof the
temperatureclassificationrequired for the
apparatusas per IS 13346;

c) Thecharacteristicsofthe gas or vapour involved;
and

d) Safe gapdata in the caseof installation for
flameproofenclosures.This will determinethe
appropriateapparatusgroup for flameproof
enclosuresas per ISIIEC 60079-1.

5.2 Apparatuscertified to the constructionaland
designrequirementsfor a particulargroup may also be
used with compoundsof lesser risk, subject to
considerationof temperatureclassificationandchemical
compatibility. Similarly, some electrical apparatusis
designed so that it may be used withcertainflammab Ie
material in zonesoflesserrisk without restriction, provided
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it isdetenninedthat flammable materials likelyto be present
arecompatiblewith the following characteristicsof the

apparatus:
a) The apparatus grouping (where that is

applicable);

b) The temperatureclassification;and

c) The chemical compatibility.

5.3 Tables 1 and 2 may bereferredto for selectionof
lighting equipmentfor hazardous areas.

5.4 StatutoryRegulation

The various statutes and regulations in force in the country,
applicable to theinstallationand approvalof electrical
apparatus inhazardousareas shall be kept in view.

Manufacture and useof equipmentin hazardousareas is
controlledby the statutoryauthoritieslisted below for
the areaof their jurisdiction:

a) TheDirectorGeneralofMines Safety, Dhanbad;

b) TheChiefControllerofExplosives,Nagpur; and

SP 72 :2010

c) The Director General,FactoryAdvice Services
andLabourInstitute (DGFASLI), Mumbai.

6 WIRING IN HAZARDOUS AREAS

6.1 General

The typesof wiring generallyused inhazardousareas
are:

a) Cablesdrawn into screwedsolid or seamless
conduits; and

b) Cableswhich are otherwisesuitably protected
againstmechanicaldamage.

6.2 FactorsAffecting Choiceof Wiring System

6.2.1 Screwedsteel conduit systems aresatisfactoryfor
many situationsbut are notrecommendedto be used for
areasof high vibrationsor wherecorrosionor excessive
internal condensationof moistureis likely to occur.

6.2.2 Steel wire armouredcablesare suitable for
undergroundinstallation.

Zone-O

Table1 Luminairesfor Use inHazardousAreas
(Clause 5.3)

Zone-l Zone-2

No luminaire shall be used in
this area

All luminaires shall be of flameproof
construction.Unless luminairesare
protectedagainstmechanicaldamage by
virtue of the area in which they are
installed, a suitable guard shallbe provided.

Pendantluminairesshall beconnectedby
means of cable in screened steel conduits.

Suitableprovision for permanentand
effective bracing againstlateral
displacementshall be provided.

Luminairessuitable forZone-l area as
per IS/IEC 60079-1.

Luminaireswith type of protection"e" as
per IS 638~

Type 2 Luminaires as per IS/IEC 60079-1.

Zone-O

Table2 Switchgear& ControlGearfor Use inHazardousAreas
(Clause 5.3)

Zone-l Zone-2

No switchgearor control gear
shall be used in this area.

All switches, circuit breakers, fuses and
other switchgearsand control gear shall
be providedwith flameproofenclosures.
In each case the enclosurestogetherwith
the enclosedapparatus shall beapproved
as a complete assembly.

All switches, circuit breakers, fuses and
other switchgearsand control gear in
which arcing may occur under normal
conditions ofoperationshall beprovided
with flameproofenclosures.Unless the
interruption of the current occurs within a
chamberhermeticallysealedagainst the
entrance of gases andvapours,the
equipment is provided with a general
purpose enclosure. If the equipment is
such that currentinterrupting contactsare
oil immersed, enclosed-break switches for
lighting shall be used with flameproof
breaking chamber, mercury in glass
switches and enclosed-break micro-swi tches.
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6.2.3 PVC insulated and armoured cables complying with
IS 1554(Part1) "are generally used for above or
undergroundinstallations.

6.3 CableWiring System

6.3.1 Cable wiring for the hazardousareasis generally
carried out using PVC or X~PE armouredcables
conformingto IS 1554(Part1) with an extruded PVC outer
sheet. Aluminiumconductorcables shall not be used. Only
copperconductorcables shall be used.

6.3.2 .Correctly designedtermination completewith
armourclampshallbeprovidedfor armouredcables. The
armouringshouldbecarriedout into the clamp toprovide
mechanicalsupportto the cableand toensureelectrical
continuity.

6.3.3 Switching devicesprovided for the circuits in
hazardousareas shall beofthedoublepoletype to isolate
phase as well as neutralduringtheswitchingoff operation
ofthe individual circuit feeding theluminaireslocatedin
the hazardousarea.

6.3.4 LayingofCables

6.3.4.1 The cable systemincludes cableslaid above
ground or cables laid undergrounddirectly buried in
concretetrenchesor incableducts. The typesofthe cable
for use inhazardousareas shall be asspecified in this
section.

6.3.4.2 Cable-runsshall be continuousand free from
intermediatejoints as far as practicable.Where
discontinuities cannot be avoided either during
installation or subsequently,the apparatusused for
interconnectionshall be provided with the type of
protectionappropriateto the hazardouszone.

6.3.4.3All cables shall be provided withpropermechanical
protection. Cablesshall be adequatelysupported
throughouttheir length taking care to avoid excessi.ve
pressurewhen clampsupportsare used.Horizontalcables
may be carried on supports,cable trays or through
protectivetroughsto tubes.Rising cablesare clipped,
cleatedor otherwiseattachedto suitablesupportswhich
provideadequatemechanicalprotection.

6.3.4.4The passageofthecable from ahazardousarea to
anon-hazardousarea isprovidedwith adequatemeans to
preventthe transmissionof flammablematerial into the
non-hazardousarea.Considerationis generallyalso given
to the treatmentof cablesagainstfire transmission.

6.3.4.5 Wheretrunkingducts, pipes ortrenchesare used
to accommodatecables,precautionsshouldbe takento
preventthe passageof combustiblegases,vapoursor
liquids from one areato another,and to preventthe
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collection of combustiblegases,vapoursor liquids in
trenches.Such precautionsmay involve the sealingof
trunking ducts andpipesand theadequateventilationor
sandfilling of trenches.

6.3.4.6Cablescapableof transmittinggases or vapour
throughthe core shall besealedin the hazardouslocation
in such a manneras to preventpassageof gasesor
vapoursinto a non-hazardouslocation.

6.3.4.7Cable glands, where used, shall beofaflameproof
type for flameproofenclosuresand doublecompression
type for enclosureshaving protectionother than the
flameprooftype.

6.3.4.8Wherethe cablepassesthroughthe floor, wall,
partitionor ceiling, the unused hole or entry must be made
good withcementor similar incombustiblematerials.

6.4 ConduitWiring System

6.4.1 For conduitwiring, care is to be taken to seal the
ends toprevententry ofhazardousgases orvapourand
subsequentpropagationfrom one area to the other.

6.4.2 Conduit fittings used must be duly testedand
approvedfor use in the respectiveclass and zone of
hazard.

6.4.3 Wherethe conduitpassesthroughthe floor, wall,
partition or ceiling, the hole orentryprovidedfor them
must be madegoodwith cementor similar incombustible
materialto the full thicknessofthewall, floor, partitionor
ceiling.

6.4.4 Aluminium conductorcablesshall not be used.
Only copperconductorsshall be used.

6.5 Connectionsto Portableand Transportable
Apparatusfor Lighting

6.5.1 Flexiblecableofthe typesspecifiedbelowmay be
used for connectionbetweena fixed sourceof supply
and theportableand transportableapparatusthrough
flameproofplugs andsockets.

a) Ordinarytoughrubbersheathedflexible cables;

b) Ordinary tough polychloroprenesheathed
flexible cables;

c) . Heavytoughrubber sheathed flexible cables; and

d) Plastic insulatedcables equivalentto ordinary
toughrubbersheathedflexible cables.

Use of screenedcablesis alsopermitted.

6.5.2 An effectivecableclampingdevicesodesignedas
not to damagethe insulationof the flexible cables,are
providedat the pointsofentryof the flexible cable to the
apparatusand plug. Inaddition, means areprovidedto
preventsharpbendingofthecable at bothpointsofentry.
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SI. IS No.
No.

1. IS/IEC60079-I (2007)

2. 5571:2000

3. 5572:1994

4. IS/IEC 60079-11(2006)

5. IS/IEC60079-0(2004)

TItle

Explosive atmosphere: Part 1
Equipment protection by
flameproofenclosures "d"
(Superseding IS 2148:2004)

Guide for selection of electrical
equipment for hazardous areas
(First Revision)

Classification of hazardous area
(other than mines) having
flammable gases and vapours for
electrical installations (Second
Revision)

Electrical apparatusfor
explosive gas atmospheres-
intrinsic safety "i" (Second
Revision) (Superseding
IS 5780:2002)

Explosive atmosphere: Part 0
General requirements

SI. IS No.
No.

6. 7820:2004

7. 9570: 1980

8. IS/IEC60079-15(2005)

9. 13408(Part1):1992

TItle

Electrical apparatus for
explosive gasatmosphere-
method of testfor ignition
temperature(First Revision)

Classification of flammable gases
or vapours with airaccordingto
their maximum experimental
safe gaps and minimum igniting
currents

Electrical apparatus for
explosive gas atmospheres: Part
15 Construction, test and
marking of type ofprotection
"n" electrical apparatus

Codeof Practice for the
selection, installation and
maintenanceof electrical
apparatus for use in potentially
explosiveatmosphere(other
than mining application or
explosive processing and
manufacture): Part 1 General
recommendations
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Illumination Engineeringand LuminairesSectionalCommittee,ET 24

FOREWORD

Road lighting has alwaysbeenan effective tool for promotinga city. It is not only a functional requirementwhich
providessafetyand securityto motoristsand residentsas well aspedestrians,but it helpsin creatingan identity and
image.

Fixed lighting of public ways for both vehiclesand pedestrianscan createa night time environmentin which people
can seecomfortably,and canquickly andaccuratelyidentify objectson theroadwaybeingtravelled.Roadwaylighting
can improve traffic safety, achieveefficient traffic movement,and promotethe generaluse of the facility during
darknessandundera wide varietyof weatherconditions.

As asupplementto vehicularheadlightillumination,fixed lightingcanenablethemotoristto seedetailsmoredistinctly,
locatethemwith greatercertainty,and reactsafelyto roadwayand traffic conditionspresenton or nearthe roadway
facility. Pedestriansmustbe ableto see withsufficientdetail to readilynegotiatethe pedestrianfacilityand recognize
the presenceof otherpedestrians,vehicles,and objectsin their vicinity. Road lighting shall not be solely basedon
providing a recommendedamountof light to a roadway.Energy-effectivestreetlighting designintegratesefficient
lamp technologies,optimumpole spacing,efficient luminairedistributionand pleasingaesthetics.

The following Indian Standardsare anecessaryadjunctto this partof the code.

IS No.

1944(Part1) and (Part 2):1970

PART 8 ROAD LIGHTING

Title

Codeofpracticefor lighting'of publicthoroughfares:Part
1 and 2 for main andsecondaryroads(GroupA and B)
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PART 8 ROADLIGHTING

1 SCOPE

This partofthe codegenerallycoversall aspectsof road
lighting includingnormalstreetlighting, associatedwith
serviceroads,pedestrianpathwaysand roadjunctions,
excludingthe traffic signalsor paintedboards.

2 TERMINOLOGY

The following definitions in addition to the definitions
given in Part1 of this codeshall apply.

2.1 Overall Uniformity (U) -It is the ratio of the
minimumto theaverageroadilluminance.A goodoverall
uniformity ensuresthat all spots on the road are
sufficientlyvisible.

2.2 LongitudinalUniformity (UJ- It is the lowest
ratiooftheminimumto themaximumroadilluminancein
the middleofeachlane.

2.3 SurroundRatio- It is theratiothatmeasuresthe
amountof light falling on the surroundsas aproportion
of that falling on theroad.

3 PURPOSEOF ROAD UGHTING

In road and street lighting the following aspectsare
considered:

a) Energysavingthroughselectionofefficientlamp
. technologiesand designpractices;

b) Capital cost saving using proper spacingand
placement;

c) Maintenancecost'saving using lampswith
longerlife and optimumspacing;

d) Reducedglareandimprovedvisibility by careful
selectionof luminairesand lamps;

e) Improved senseof security by selectionof
efficient systemsand incorporatingproper
design.This canmakean areaappearsaferand
moresecure;.

f) Improved senseof economicdevelopmentof
communities;and

g) Improved safety of motorists, cyclists and
pedestrians,improved traffic guidanceand a
pleasantenvironment.

4 DESIGNPRINCIPLES

4.1 RequirementsofRoadUsers

a) Visibility of the roadand itssurroundings;
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b) Visuai guidanceof the shapeof the road.The
motoristsshouldbeableto clearlyidentify bends
andcurves,and changein roadwidths;

c) Identificationof obstacles;

d) Thevisualcomfortofthe driver.Thevisualfield
comprisesthe carriageway,the surroundsto the
road,includingroadsigns,the sky and thebright
luminaires;and

e) Lighting of the streetshouldappearcontinuous
anduniform.

4.2 .FundamentalQualityCriteria

The quality of lighting shouldmeetthe requirementsof'
road usersfrom their individual angle. The usersbeing
driversand pedestrians,in practice,the requirementsof
thedriversare more stringent.However,it is the 'principles
ofvision' whichare theguidingfactorsin public lighting.
Hence,the functionofa goodroadlighting installationis
to providegoodvisualperformanceandvisualcomfortto
the road users.

The most importantquality'criteria to be consideredin
roadlighting are:

a. Luminancelevel;

b. Illuminancelevel;

c. Illuminanceuniformity;

d. Degreeofglarelimitation; and

e. Visualguidance

4.2.1 Luminance

The most generallyusedapproachto selectingquality
criteriafor lighting roadsfor motortraffic is basedon the
luminance concept.This is minimum value to be
maintainedthroughoutthe life of the installation. It is
dependenton the light distributionofthe luminaires,the
luminousflux ofthe lamps, thegeometryoftheinstallation
and on the reflection propertiesof the road surface
(seeFig.1).

4.2.2 Illuminance

Theilluminancelevel for roadlightingin Indiais governed
by IS 1944(Parts1 and2). Thesevaluesmust of course
satisfythe basicprinciplesofvision,criteriaofqualityetc
and areclassifiedas per thedifferenttypesof roads.The
lighting levelsasspecifiedare averagevaluesonly.

4.2.3 Uniformity

A good overall uniformity ensuresthat all spots on the
road aresufficientlyvisible. A goodlongitudinaluniformity
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F flashed areaof the luminaire; and

C colour factor(dependenton the lamp type).

NOTE - For low pressuresodium vapour lamps,
C = 0.4, for others= o.

Typical values for G are shown in Table 1..

The formula for G is valid for the followingranges of values:

a) 50 < 1
80<7000

(cd);

b) 1<1
8/188<50;

c) 0.007< F < 0.4 (m');

d) 0.3<L
a<7(cd/m

2
) ;

e) 5<h<20(m);and

f) 20<p<100.

Numberofluminairerows= 1or 2

4.2.5 Surround Ratio

The functionof the SurroundRatio (SR) is to ensure that
sufficient light falls on the surrounds to provide a bright

Table 1 Typical Values of G .
(Clause 4.2.4)

Sl. No.
(1)

i)

ii)

iii)

G
(2)

<3

5

>7

Assessment
(3)

Bad

Moderate

Good

backgroundfor objects towards the edge of the
carriagewayto be revealed.It also helps the driver to
anticipatethe movementof pedestriansabout to cross
the road. It is important in curved roads where the
surroundforms the greater partofthebackgroundagainst
which objects are seen. Thesurroundratio is formally
defined as the ratioof the averageillumination on strips
5 m wide, or lessif space does not permit, which are
adjacent to the edgeof both sidesof the carriagewayto
the averageillumination on the adjacent strips, 5 m wide
or half thewidth of the carriageway,whichever is the smaller
in the carriageway.

For dual carriageways,both carriagewaystogetherare
treated as a singlecarriagewayunless they are separated
by more than aboutone-thirdthe carriagewaywidth and
there areobstructionssuch as trees.

The surround ratio is usuallydeterminedby calculating
the illuminanceon aregulararrayof points on the strips
and finding the average. In a situation where the surround
ratio is applicable, a valueof0.5 isrecommended.

4.2.6 Visual Guidance

This can be effectively created by the following principles
(seeFig. 2a to Fig. 2d):

a) Positioningof poles;

b) Using different lamp colours; and

c) Useofhigh masts (> 20ill).

Fig.2b

NOTE - Single sided leftpreferredto right for a curve to the right

Fig.2c Fig.2d
NOTE -Oppositearrangementpreferredto staggerfor a curve.

Fig. 2PositioningofPoles for VisualGuidance
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6.3 Types ofArrangement

Various typesof arrangementof poles areshownin Fig. 7a) to Fig. 7e).

6.3.1 Single-sidedArrangement(see Fig.7a)) 6.3.4 Twin Central Arrangement (see Fig.7 d)]

Width=W
~I

Mounting Height =W

Fig.7a

Mounting Height =0.8 W

Fig.7d

I" Width ~I

6.3.5 Twin-Central and OppositeArrangement
(see Fig.7 e)]

6.3.2 Opposite-Sided Arrangement (see Fig.7b)]

Mounting Height =0.5 W

Fig.7b

6.3.3 Staggered Arrangement [see Fig. 7c)) I- ~I

Width

Mounting Height =0.8 W

Fig.7e

I~ ~I
Width

PART 8 ROAD LIGHTING

Fig.7c

Fig. 7 Typeof PoleArrangements
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S= Spac ing

\
\
\

-rg, Layout of Preferred Pol L ati n

i)

7 PRE FERRED POLE LOCATIO S

7.1 Th e following may betaken into con ideration for
the pole location :

a) Trace the traffi c flov anddirection :

b) Try to follow the hapeof the road a longwi th
the traffic flow;

c) Redu ce spacingnear bend ; and

d) For co m plex multilevel junctions , highma t
li ghting preferred in teadof an array o f pol e

7.2 E. ample ' ofPreferred Pole ocation

Example of preferredlocationsare hown in Fig.

8 G IDELI TO BE SPECIFIED

8.1 Road lighting sy terns u e product namely,lamp ,
luminaire and control gear to achieve certain pecified
lighting cond ition.

It i a good practice, to pecify requirement of both
product and lighting parameter.

8.1.1 Lighting Param eters

a) Light ing Ie cl (llIuminancein lux andluminance
in cd/rrr'); and

b) niformity,

8.1.2 lassificationofRoads

SI. Description of Road
o.

High peed road with eparatc
arriagcway. free o f cro ing at

grade and wi th comple te a ce .
control, motorway . exp re road .
Tra ffic de n ity and complexity of
road layout :
Il igh
Medium
Low

ii) High speed road s. dual ca rr iageway
road .Traffic contro l. such a the
pre. enceof ignals. and eparationof
different type of road u er into Ian .:
Poor
Good

iii) Imp o rtant urba n tra ffi croad . rad ial
road , distinct di tribution road .
Traffi c control and separationof
difTc rent typesof road u er :
Poor
Good

iv ) onnccting Ie important road. loca l
di tributor road ,re idcn tial majo r
ae e road. road which provide
di re t acce s to property and lead to
connectingroad.
Tra ffic control and epa rationof
difTerent type of road us'r. :
Poor
Good

Lighting
Class ifica tion

M I
M2
M3

MI
M2

M2
M3

M4
M5
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Table 2 Lighting Recommendationsfor Different Road
Types - CIE Classification

(Clause 8.1.3)

SI. Lighting All Roads Roads
No. Class Roads with few with Foot

~ junctions ways

Lav Uo UL TI(%) Surround
(min) (max) Ratio (SR)

(1) (2) (3) (4) (5) (6) (7)

i) Ml 2.0 0.4 0.7 10 0.5

ii) M2 1.5 0.4 0.7 10 0.5

iii) M3 1.0 0.4 0.5 10 0.5

iv) M4 0.75 0.4 15

v) M5 0.5 0.4 0.4 15

8.1.~ Lighting Recommendationsfor Different Road
Types- CIE Classification

The lighting recommendationsfor classesMl to M5,
which are selectedaccordingto the functionsoftheroads,
traffic density, traffic complexity, trafficseparationand
the existenceoffacilities for traffic control, such as traffic
lights are given in Table 2.

8.1.4 Lighting Recommendationsfor Different Road
Types- IS Classification (seeTable 3).

8.1.5 Lighting Recommendationsfor Junctions
(seeTable 4).

9 PRODUCT SPECIFICATION

A lighting system shall generally consistofthe following:

where

L = Average luminance;av

U0 = Overall uniformity;

U
L

= Longitudinaluniformity; and

TI = Thresholdincrement.

Housing
Optical System
Lamp

Ballast
Ignitor
Capacitor

'Luminaire

Control gear

Table 3 Lighting Recommendationsfor Different RoadTypes - ISClassification
(Clause 8.1.4)

SI. Classification of Type of Road Average Illuminance Uniformity Transverse
No. Lighting Installation on Road Surface Ratio Emi/Eav Uniformity

(EmiulEmax)
(1) (2) (3) (4) (5) (6)

i) Group Al Important traffic routes carrying 30 0.4 0.33
fast traffic

ii) Group A 2 Other main roadscarrying mixed 15 0.4 0.33
traffic like main city streets,
arterial roads and throughway roads

iii) Group B 1 Secondary roads with considerable 8 0.3 0.2
traffic like principal local traffic
routes and shopping

iv) Group B 2 Secondary roads with light traffic 4 0.3 0.2

NOTE - Transverseuniformity: Ratio of Emin and Emax across the road.

Table 4 Lighting Recommendationsfor Junctions
(Clause 8.1.5)

Sl. No.
(1)

i)

ii)

iii)

iv)

v)

JunctionType
(2)

Key Junctions& Complex Flyover interchanges

Main City Junctionswithout any interchanges

Other smallerjunctions

PedestrianCrossings

Bus Bays

* This value isvertical illuminance on pedestriansat 1.2 m.

Eav(Lux)
(3)

50

20

15

50*

5

0.4

0.4

0.4

PART 8 ROAD liGHTING 241



SP 72 : 2010

9.1.3 Electrical Characteristics

a) Deformationtemperatureof the material/heat
resistance;

9.2 Lamps

9.2.1 Selection Criteria

a) Colour temperature(T);

9.1.4 Housing Materials and Options

a) Metals

i) Pressedor deep drawn sheetsteel or
aluminium (treated); and

ii) Die cast or extruded aluminium.

b) Plastics

i) Polycarbonate(PC);

ii) Polypropylene(PP); and

iii) For plastics there are many different
materials and even more different grades.

9.1.5 Cover Materials

a) Acrylic (PMMA);

b) Polycarbonate(PC); and

c) Toughened (Security) glass.

9.1.6 Reflector Material and Finish

a) Pressed aluminium sheetreflectoror deep drawn
pot-reflector; and

b) Pre-anodizedmaterial or post-treatment
anodization or metallization.

9.1.7 Optical Characteristics

a) Typeof distribution;

b) Multiple optics;

c) Luminaire efficiency;

d) Standard tilt angle; and

e) Need for optic or lamppositionadjustment.

. 9.1.8 ImpactofIP on Maintenancefactor

The IPofa luminairebasicallyinfluences the selection of
themaintenancefactor (seeTable 5).

For example, an IP65luminairein a medium polluted area
with a cleaninginterval of 24 monthsshouldhave a
maintenancefactorof0.89. For design calculation, this is
a majorcontributingfactor.

Special features (dimming, photocell); and

Wiring requirements(mains and internal).

Economicalvalue/cost;

Service life;

Maintenanceproperties;and

Environmentalfriendliness.

Corrosionresistance;

UV resistance;

c)

a) Applicable mains (voltage/frequency);

b) Ballast type (basic, encapsulated,constant
wattage);

Ignitor system(semi-parallel,superimposed!
series, parallel);

d) Requiredpowerfactor;

e) Insulationclass;

f)

g)

b) Rigidity;

c)

d)

e)

f)

g)

h)

Luminaires

Selection Criteria

Mechanical;

Electrical;

Required lamp types;

Ambient operationtemperature;

RequiredIP rating;

Air resistance,with/without bowl, with/without
gear unit;

g) Componentexchangeability, accessories;

h) Mounting functionality; and

J) Material requirement.

9.1.2 MechanicalCharacteristics

9.1

9.1.1

a)

b)

c)

d)

e)

f)

Table 5 MaintenanceFactor
(Clause 9.1.8)

Sl. No.

(1)

i)

ii)

iii)

iv)

Cleaning interval
in months

(2)

12

18

24

36

0.89

0.87

0.84

0.76

Medium
(4)

0.90

0.88

0.86

0.82

0.92

0.91

0.90

0.88

MIN IP 6X
Pollution Category----,.- --..

High Medium Low
(6) (7)' (8)

0.91 0.92 0.93

0.90 0.91 0.92

0.88 0.89 0.91

0.83 0.87 0.90
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b) Colour rendering(CRI);

c) Lumen output;

d) Lamp efficacy;

e) Lumen depreciation; and

f) Lamp life(hours).

For road lighting generallyhigh efficacy (117,132,
141lm/W),highpressuresodiumvapour lamps(150, 250,
400 W) are being used. But nowadays for better colour
appearance(CRI> 80)atjunctionsandcitycentres,ceramic
discharge metalhalide lamps(efficacy,90 lm/W)are also
being used to make a differentiation in lighting colour
appearance.

9.3 GearUnit MaterialandProcessOptions

9.3.1 Metal

a) Pressed steel; and

b) Pressed, deep drawn or cast aluminium.

9.3.2 Plastic

a) Glass fibre reinforced polyester; and

b) Nylon.

9.4 MountingUnit Options

a) Integral part of the luminaire housing;

b) The rear part of the housing is shaped to mount
the spigot. This construction is usually for side
entry only; and

c) Mountingdeviceisfixedto thehousingwithbolts.

9.5 ControlPoints

Streetlightsare spread over longdistancesand it is
difficultto operatetheseindividually. Oneoftheimportant
links is the useofunderground cables or special overhead
wires to form a group control point.

9.5.1 Control Switch

The contactor can be operated manually if the switch is
installed in a manned control point. However, such an
operation is subject to human error.It is recommended
that instead of that, an automatic switching device be
adopted. A fewofthese are given in 9.5.1.1 to 9.5.1.3.

9.5.1.1 Timeswitch

Thishasbeenthe mostwidelyuseddevicein street lighting
for quite a numberof years. These switches are either
operatedby a mechanicallywound clock or electricallyby
asynchronousmotor.Theformerrequiresweeklyrewinding.
The latter are acceptable as long as the mains supply
frequency is stable over a reasonable period of time,

9.5.1.2 Photoelectric switch

The other useful device is the photoelectric switch.These
switches have the inherent advantage of being linked to

PART 8 ROAD LIGHTING
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sunrise and sunset. As such these switches do not need
readjustment.

9.5.1.3 Computerized switches

The advent of microprocessors has also added a device
for streetlightingapplications.Some pioneershave
manufactured programmable timers which can store the
dataofsunrise and sunset over the entire year. These are
more dependable and comparatively inexpensive. Many
of these have additional optional contacts whifh can be
used for alternatefunctions includingenergyconservation
by switching on additional lamps at evening peak traffic
times.

9.5.2 Step Dimming

High intensity discharge lamp dimming is used to save
energyduringleanperiods in the case of outdoor lighting,
suchas, streetlighting,tunnel lightingand lightingofrnany
public places. During the period when the traffic is less,
the required lighting level can be reduced. Lights can be
dimmed to deliver50 percentofthenominal light output
by reducing the input power by40 percent.

A step dimming system can be applied by one or more of
the following combinations:

a) Step dimmingballast;

b) Preprogrammedtimer;

c) Power factor improvementcapacitor; and

d) Semi-parallelignitor.

9.5.3 Telemanagement

This enables individual light points to be switched on or
off at any given time, or to be set to any dimming level
that the lampallows,ensuringmaximumflexibilityfor the
lighting installation. For example, one section can be
switchedoff,anotherdimmedto 90 percentandyetanother
to 40 percent, without any special electrical connections
being required.It is also possiblet6 program scenarios so
that the lighting installationmodifies its output depending .
on programmed times, weather sensors and/or traffic
measurementdevices.Telemanagementsystemsare based
on the LON protocol. This protocol i ~ open and' is
supported by a multiple of media and sensors. This makes
integrationwith complextraffic managementsystemsand
geographicalinformationsystemseasierand morereliable.
Themanagementsoftwareoffersexceptionalflexibility and

.easy configuration in a user-friendly graphicalinterface
and performs a swift analysisofthesituation with a map-
based interpretation of the installation(seeFig. 9).

The salient features of the software systemare as follows:

a) Software is used toconfigure the automatic
controlofthelighting installation andto provide
feedback of information;
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Screening Device.

Diffuser;

Filter; and

.... It...
COfMUtlcaUOO

b) Refractor;

c)

d)

e)

Theseclements (eventuallyu ed in combination)define

the light di tribution.

ATIO L LI HTI G ODE

: narrow . prcad:

: avera ge pread; and

Y90< 45°

45 ° ~ Y 9 0~ 55°

Y90 ~ 5 ° : broad pread .

The ontro l i defi ned by the specificluminaire index ( LI)

o f the luminaire.Thi is thepartof the glare control markG,

10.3 Luminaire Photometric Principle

a) Throw - The extentto which the light from the

luminaire is di tributedalonga road;

b) Spread- Th e amount o f idewa y preadof

the light, acro a road; and

c) Control - The e tent of th e fac i l i ty for

controlling glare from theluminaire.

The Throw i defin ed by the ang le(Y
max

) that the beam

a i make wit h the downward ertical. The beamaxi i

determine d by th e direction m idway between the 2

di rection of 90 percent Ima.' in the vertical plane of
maxim um intensity. Fig. 10 showsthe polar intensitycurve

through the plane of maximum luminou intern ity,

indicating the ang leY
ma

" u cd for determination of the
Throw.

Three degreeof Throw are defined a follo w :

Y rna: < 60° : hort throw;

60° s; Ymaxs 70° : intermediate throw; and

Yrna, ~ 70° : long throw.

The pread i de fined b the po ition of the line, running

parallel to the road axi that touchesthe far sideof the 90

percentl nw. co ntou r on the roa d. The po itionof thi line

i defined by theangleL190. Fig. I I shows the degreeof

thr ow and pr ead a defined by ' IE, where h i the

mounting height. Thethreedegreesof pread are defined

a follow

10.1 Key Eleme nt

Thi i a key clementof streetlight luminaire , a it will
determine th e lighting quality on th e road urface .
Photometric pecification may include the following:

a) Type of di tribution;

.b) Luminaireefficacy; and

c) eed foroptic or lamp positionadjustment.

10 PHOTOM TRI

10.2 Lighting Control Icmcnt

a) Reflector;
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,. ig. 9 Telema nage ment ystem

b) Protocol for communication is carried out byLa

c) Outd or luminaire controllers ( L ) arc built into
the luminairc or into the ba eof the pole: they
witch and dim the lamp, but at0 detect lamp

failure and count burning hours;

d) egmentcontroller ( ) are built into the feed er
pillar. Th e. e commandthe L and ga the r
information from the egment tocommunicateit
to the P ; and

c) Thedigital input unit i built into the feed er pillar.
It allows in te rface w ith external en or or
ys te m and can ge nera te command th at

the o utdoor luminaire controller (OL )
under tand and execut .

Telemanagementis suitab le fo rany outdoor li ghting
in tallat ion, for exam ple, on motorway, ring roads, prim ary
roads, in stree tlighting, tunnels and dynamic li ghting
y tern .



11 Degree of Throw and Spread Definedby CIE

that is determinedby the luminaire propertiesalone
(see4.2.4). .

Three degreesof controls are recognized:

SLI<2 limited control;

2~ SLI~4 moderate control; and

SLI>4 tight control.

SummaryofCIE Classific.ationfor Photometric Properties
of Luminaire is given in Table 6.

11 EVALUATION OF GOOD ROAD LIGHTING
INSTALLATION

11.1 The most practical method forevaluatinga Road
Lighting System is by theCostof Ownership Analysis.

11.1.1 CostofOwnership

The aim should be to create the most economic solution
looking both at the initial investment costs and the running
costs.

The total cost is split in two parts:

Preparationphase: Design, purchase andinstallationcost
= Initial Investment

SP 72 : 2010

Running phase:Energycost andmaintenancecost

Total cost= Investment+ Energy+ Maintenance

InvestmentCost:

a) Cable costs including trunk digging;

b) Power supply;

c) Costof pole, bracket, base and foundation; and

d) Luminaire installation.

ReducingInvestmentCosts:

a) Increase luminaire spacing;

b) Use 'single sided or central arrangement;

c) Useofenergyefficient luminaire;

d) Use existing cableand photocell; and

e) Post top luminaire mounting.

Energy Cost:

a) Installed power;

b) Numberof burning hours; and

c) Energy cost per kWh.

Reducing Energy Costs:

a) Install themost efficient lighting system= lamp
efficacyand luminaire application efficiency (for
example using adjustable optics); and

b) Choiceofmaintenance factor (lampdepreciation
and IPclassification).

MaintenanceCost:

a) Lampreplacementcost;

b) Scouting;

c) Cleaning;

d) Eventual safety check and replacementof.
electrical components; and

e) Maintenanceof pole and electrical supply.

ReducingMaintenanceCost:

a) Minimize numberof light points byincreasing
luminaire spacing;

b) Lamps with long life and low early failure rate;

c) Conscious decision for group or spot
replacement;

Table 6 PhotometricValues ofLuminaires
(Clause 10.3)

Sl. No.

(1)

Throw
~

(2) (3)

Spread
~

(4) (5)

Control
~

(6) (7)

i)

ii)

iii)

Short

Intermediate

Long

ymax < 60°

60° ~ ymax ~ 70°

ymax~70°

Narrow

Average

Broad

y90 < 45°

45°~ y90~ 55°

y90 ~ 5 5 °

Limited

Moderate

Tight

SLI < 2

2 ~ SLI~4

SLI> 4
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12 CalculationGrid

c d) Reliable, longer life gear;

e) Luminaire with high Il' rating; and

f) Luminaire which is easy to~aintain.

12 APPROACHESTOWARDS MASTER PLAN

12.1 For some roads technical specs are the first priority
and for some otherroads,aesthetics are the first priority.

Technicalspecificationsarerequired for the followingroads:

a) Ring roads/peripheralexpressways;

b) City roads, mainvehiculartraffic; and

c) Residentialr~ads.

Aestheticsare required for the following roads:

a) Heritageroads/celebrationroutes; and

b) City centre/shoppingareas/pedestrianplazas.

The aesthetics can be achieved by selecting one or more
of the following procedures:

a) Different lighting levels;

b) Differentshapeof luminaires;

c) Different pole design; and

d) Differentpole arrangement.

13 LIGIITING MEASUREMENTS

13.1 CIEMethod

The Clfi (1976a) recommends that where the luminaire

spacing does not exceed 50 m, there should be 10 evenly
spacedtransverserows of calculationpoints over its
length, while for luminaire spacing greater than 50 m, the
numberof transverserows should be such that the
distancebetweentwo successive rows does not exceed
5 m (SeeFig. 12).

The calculationgrid as proposedby Clf; (1976a):
S= Spacing; d= longitudinal spacingbetweencalculation
points; n= no. of transverse rows. For, S~ 50 m, n= 10;
S> 50 m, n= smallest integer giving d~ 5 m.

Finally theerE also recommends that there should be 5
points across each traffic lane, with 1pointpositionedon
the centre lineof each lane.It is stated'that where the
uniformity is good,Uo~ 0.4,subsequentcalculationsmay
be based on 3 points insteadof 5.

13.2 FieldMeasurements

For practical on-site measurements, the 9 point method is
most acceptable. Fig. 13 illustrates the layoutof a 9 point
measuring gridofthe kind sometimes used when checking
new road lightinginstallations.The formulaabove the figure
gives theweighting procedurethat should be followed
when calculating the average lighting level. Where extreme
accuracy is required, theerE recommends using as many
measuring points as specified earlier. .

A "11" . P1-tP3+P7+P9 P2+P4+P6+P8 P5
verageI ummanceEav = 16 + 8 +4""

I
P1

1 span

P4
I

P7

ii.
... ~ .... ~-----~-- ...-I I

P2l : • : IPS
I P5 I

"I'--~-~---~- ........ I-'
I I
I ..., I

P3 P6 P9
I I

Fig~ Regular Nine-point Measuring Grid
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Illumination Engineeringand LuminairesSectionalCommittee,ET 24

FOREWORD

Energysavingin lighting becamea toppriority all over theworld with the tremendousenergycrunchin the 1970s.For
India, it hasbeenconsideredevenmoreimportant,as thedemandfor electricityis goingup everyyear,whatwith the
need forrapid industrializationandall-roundgrowth.With the rise indemandanddepletingnaturalresources,energy
will be dearerand scarcer. On theotherhand,thecostofsettingup electricpowergeneratingcapacityis also going up,
makingfunding extremelydifficult.

The total consumptionfor lighting in all the sectors;domestic,industrial, commercialand public utilities is quite
substantial.

As energypricescontinueto increase,energylegislationis enactedandenergycodesbecomemorerestrictive,energy
efficiency in designand practicehas becomeessentialto a successfullighting system.It has alsocreatedlucrative
investmentopportunitiesfor corporationsandinstitutions,who canmakecapitalinvestmentsto upgradetheirexisting
lighting systemsto generateenergysavingsthatprovidean economicreturn.

The conceptbehindenergyefficiencyis simple.Iflighting design goals can beachievedusingequipmentandapproaches
that use lessenergyduring operation,thenthe ownerwill save moneyon anongoingbasis. Orput anotherway, the
ongoingcostofoperatingan inefficientsystemcan beavoided.The catchis thatfor someequipmenttypes,the initial
cost is higher and for some,such ascontrols,some installationexpertiseis required.While some energyefficient
lighting maypresentahigherinitial cost, theownerwill realizesavingsthatwill pay for this investmentover time, the
most desirabletime period generallybeing from one tothreeyears.Advancedlighting controls, for example,can
reduceenergyconsumptionby as much as 50percent.In fact, if one looks at the life cyclecostofthesystem,including
initial costplus operatingandmaintenancecosts,energyefficient lighting becomesan investmentin profitability with
anexcellentreturnon investment.

PARr.9ENERGY-EFFECTIVEliGHTING SYSTEMS 249
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I" SCOPE

This part of the codedescribesthe energyconservation
measuresin any lighting installationand lighting system.

2 TERMINOLOGY

Thedefinitionsgiven inPart Iof'this codeshallapply.

3 ENERGYCONSERVATIONMEASURES

3.1" The incandescentlamp (GLS) is used as amajor
light sourcein India. Theselampshavean efficacyof 10

to 20 1m/\\! and a lifeof 1 000 burninghours, Thereare
varietiesof gas dischargelampswith efficaciesranging

between50 and 200 ImIW andhavinga life between5 000
and 15 000burninghours.Thesegasdischargelamps are:

a) Tubularfluorescentlamps;

b) " Compactfluorescentlamps(CFLs);

c)· High pressuremercuryvapourlamps(HPMV);

d) . High pressuresodiumvapourlamps(HPSV);and

e) Metalhalidelamps.

CFL lamps areavailablein lumenpackages,so thatthey
canreplaceGLS lampsof equivalentlumen output.The
fluorescentlamps have been madefurtherenergyeffective
with the use of triband phosphorsinsteadof the
conventionalfluorescentpowder. The luminousefficacy
ofthis new familyoflampsis 35percenthigher.

Thereis anotherarea, which can givegoodenergysaving.
"Every gasdischargelampneedsa ballast, Today,mostof
theseballastsare theconventionalelectromagnetictype.
All theseballasts,whenthe lamp is inoperation,consume

electricpowerknown asballastloss. Withproperdesign,
the ballastloss can besubstantiallyreduced.Useofsuch
"low loss ballastscan result in a lot of energysaving.

However, the bestsolution in this areais to gradually
introduceelectronicballasts.Theseballasts,not only have
very low lossesbecauseof electroniccomponents,but
increasethe luminous efficacy of fluorescentlamps
becauseofhigh frequencyoperation.Theoverallluminous

efficacy of an electronicballast and high frequency
fluorescentlamp combinationis 25 percenthigherthan
that of a conventionalballast and fluorescentlamp
combination.

250

Eventhebestlamp andballastcombinationmay not give

the ideal.resultif used in luminaireswhich are poorly
designed:A:lotDflightwill bewastedin suchluminaires.
It is imperative-today to look into all the aspectsof
applicationand selectthemostoptimumsolutionfor all
lighting installations.For example,luminaireswith mirror
optics"and widespread light distrfbutions vsave
approximately25 to 33percentenergy for the same lighting
level in offices. Similarly, road lighting luminairesusing
pot optics and tubular HPSV lamps achievethe same
lighting parameterswith 30 percentlessnumberofpoles
and luminaires than the conventionallydesigned
luminaires.The associatedenergyand materialsavings
are enormous.

3.2 Thereareenormoussavingopportunitiesin almost
all the sectorsof lighting if following stepsaretaken:

a) Incandescentlamps replacedwith fluorescent
lamps,retrofit compactflorescentlamps and non-
retrofit compactfluorescentlamps;

b) Conventional"fluorescent lampsreplacedwith
T5 fluorescentlamps;

c) Electronic ballasts installed in place of
electromagneticballasts;

d) High pressuresodiumvapourlamps andballasts
used insteadof high pressuremercuryvapour
lampsand ballasts;and

e) Metalhalidelamps used in placeofhigh pressure
mercury vapour lamps and tungstenhalogen
lamps.

With properimplementationofenergy-effectivelighting
designand good engineeringpractices,it is possibleto
conserveenergy.

4 . MEfRlCS

All lighting equipmentrequireselectricpower, measured

in Watts (W). As thelighting systemoperatesovertime,

it consumesenergy,which is expressedaskilowatt hours

(kWh). OnekWh is 1 000 Wutilized for one hour.Power

and energyare the twomajor productsthat the electric

utility chargesfor; the totalelectricalload ofthe building

in kW and the amountof energyconsumedin kWh.

Therefore,in any lighting upgrade the goal will beto reduce

the amountof power the lighting systemrequiresand,

when possible,the hoursof operation.
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4.1 DemandCharge

This is themonthlycostbasedon theconnectedelectrical
load of the building. Actual demandis meteredby the
utility and the chargeis basedon the month'sdemand
peak. With this in mind, it notonlypays toreducewattage,
but reduceconsumptionduringtheday'speak loadperiod,
which istypically at midday.Theutility may alsoimpose
aratchetclausebasedon demand,locking in the demand
chargeat maximumdemandfor the recentpast.

4.2 EnergyUse Charge

4.2.1 It is the monthlychargeby the kWh for electrical
energyconsumedby thebuilding'selectricalsystems.The
lighting energymanagementgoalsthereforecan beclearly
stated as:

a) Reducewattage(power)requiredby the lighting
system;and

b) Reduceenergy(powerx time) consumedby the
lighting system.

4.2.2 To measurethe energyperformanceof lighting
systems,a varietyof metricscan be used:

Total wattage: For all lighting equipment(does not
include impactofcontrols); .

Totalenergyconsumed:For all lighting equipment;

Wattsper squaremetre: This metric, called light power
density(LPD), is determinedby dividing total watts by
the total areaof the spacein squaremetres.Lighting
requirementsin the National Building Code(NBC) and
EnergyConservationBuilding Code(ECBC)typically set
restrictionson light powerdensity;and

kWh per square metre: This metric, called the energy
utilization index, isdeterminedby dividing the total kWh
of energyconsumedby the lighting systemin a spaceby
the total areaof the interiorspacein squaremetres.The
advantageof usingthe energyutilization index is that it
includes thefactor of time, and encouragesthe useof
lighting controls that reducethe amountof time the
lighting systemoperateswhen it is not needed.

.4.3 RelevantFormulae

Using localenvironmentaldataand systemperformance
data frommanufacturers'literature, we can use theformulae
below to determinethe energycharacteristicsof an
application: -

Demand forpower (kW) = Systeminput wattage(W)
+ 1000; .

Energyconsumption(kWh) = Systeminputwattage(kW)
x hoursof operation/year;

Hours of operation/year= Operating hours/day
x Operatingdays/weekx Operatingweeks/year;
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. Lighting systemefficacy (lumens per watt or LPW)
= Systemlumen output-+- Input wattage;

Light power density (W/m') = Total system inputwattage (W)
-+- Total area (square metres);

Watts (W) = Volts (V) x Current in amperes.(A)
x Power-factor(pf); and

Voltage (V)= Currentin amperes(A) x Impedance(Ohms)
[This iscalledOhm 's Law].

5 UPGRADE STRATEGIES

5.1 Severalsimple strategiescan beemployedto adopt
energy-effective lighting in existing installations, commonly
calledan 'upgrade'or 'retrofit' Regardlessof strategy,
however, every lightingupgraderequiresthe samethought
process,as shownbelowin a simplifiedform.

a) Determinetherequiredmaintainedlight level. As
the industryproverbgoes,"Light is for people,
not buildings." The lighting system'sfirst task
is to provide sufficient quantity and quality of
light for occupantsto performrelevanttasks. In
existinginstallations,this will requirea lighting
systemaudit;

b) Determinethe qualitativelighting requirements.
Identify all quality issuessuchasglare, colour,
aesthetics,distribution and attendantfactors
(such assurfacereflectancesandceilingheights)
that must be given priority during equipment
selectionand design. In existing installations,
this will requirea lighting systemaudit;

c) Identify equipmentoptions that producethe
desiredmaintainedquantityand quality of light
and also saveenergy. Equipmentoptions will
includelamps,ballasts,luminairesandadvanced
controls(occupancysensors,dimmingcontrols,
photocells,lighting managementsystems,etc);

d) Identify strategiesthat support the goal of
reducingenergyconsumption,such asplanned
lighting maintenance,repaintingroomsurfacesto
give them a higherreflectance(if appropriate)and
developinga written lighting energypolicy; and

e) Choosethe best packageof equipmentand
strategiesthat'will achievethe desiredlighting
goals while delivering desired economic
performance.

5.2 Lighting UpgradeStrategies

5.2.1 MaintainedLight Levels'

With this strategy,the samelevel is maintainedas in'the
existing systemafter upgradation.This goal can be
accomplishedby incorporatingautomaticcontrols and
moreefficient lamps andballastsinto the lighting system.
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5.2.2 Optimized Light Levels

In some applications, lighting audit may reveal
considerableopportunitiesto reducelighting levels. in a
renovationor new constructionsituation,we canreduce
light levels by focusing higher intensitiescloserto the
task. Forexample,in anopenplanoffice, indirectlighting
can bespecifiedto providelower light levelsfor ambient
illumination,while higherlight levelsareprovidedat the
taskby workstationtask lighting.

5.2.3 Increased Light Levels

This strategyentailsincreasinglight levelsvia strategies
such asplannedlighting maintenance,higherroomsurface
reflectanceandhigherluminaireefficiency.

(

Otherconsiderationsare:

a) Incorporatedaylighting into the lighting scheme
as much aspossible;thereare many waysthat
help daylight penetrationinto the building and
distribute the light; glare controls should be
provided and daylight harvestingcontrols can
be specifiedfor significantenergysavings;

b) In new constructionor renovationprojects,the
interiordesignercanaffecttheoverallefficiency
of light distribution by providing finishes that
give proper ceiling, wall and task reflectance
values;

c) All lighting componentsmustbe compatibleto
operateproperly;

d) All applicable safety requirementsand
regulationsshouldbe strictly adheredto when
any work is doneon anelectricalsystem;

e) Considera planned lighting maintenance
programmeand openingretrofit opportunities.
that reducelight outputandenergyconsumption;

f) Ensurethat all retrofits are permanentand
understoodby the maintenancepersonnelin a
written andcommunicatedlighting policy, so that
old componentsare notreintroducedback into
the lighting systemlater;

g) Be sure to includeprovisionsfor legalcompliance
in disposingof any lighting waste;and

h) Ensurecompliancewith theEnergyConservation
Act and other statutoryregulations.

6 EQUIPMENTSELECTION

The lighting systemoperateswithin a largersystem,that
includes the spaceitself, with its various v a l u ~ s of
reflectancesfor' room and tasksurfaces,and availability
of daylighting. When planning a lighting upgrade,
equipmentthat changesany combinationof these
componentscan bespecified.
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7 COMPARINGSYSTEMS

7.1 To comparethe relative efficienciesof lighting
systems,the following may beconsidered:

a) Compareefficaciesfor variouslight sourcesand
lighting systems.

Efficacy, expressedin lumens(light output)per
watt (electricalinput), is oftenused tocompare
the relative efficienciesof lamps and lighting
systems.It is abbreviatedLPW or ImlW. To
determineefficacy, dividethe lumenoutputofa
lamp or lighting systemby its rated input
wattage;

b) Comparepowerrequirements.

Determinethe light level goals and compare
variousoptionsthat achievethesegoalsat the
lowestwattagepossible.From this we can also
compareLPD, or wattspersquaremetre; and

c) Compareenergyusage.

Determinethe light level goals and compare
various options that achievethesegoalswith
lessenergyconsumption.This is advantageous
as it includesautomaticlighting controls,which
reduceoperatingtime, not watts. From this we
can alsocomparethe energyutilization index, or
kWh consumedpersquaremetre. .

7.2 Efficacy is a popular metric usedto assessthe
relativeefficienciesof lighting systems.It can be used to
easilyscreena wide rangeof options,helpingto narrow
down choicesthat can becompared.However,efficacy
alonedoes notensurethatmorelight will be deliveredto
the task.

A luminairemay beoptimizedfor one typeof lamp but
may berelatively inefficient with a different lamp type.
Both the light outputratio (LOR) and thecoefficientof
utilization (COD) of the systemneedto be taken into
account.

Comparingenergyusage forvarioussystemsthatachieve
the samemaintainedlight level targetis useful in that it
includescontrols,which affectenergyconsumptionover
time but not systemwattage.With this metric, we can
includemore specificparametersaboutthe installation,
such as itstargetlight level andhoursof operation..

LPD is mostuseful whenscreeninga spacefor lighting
efficiency and to ensurecompliancewith applicable
lighting codeswhen conductinga building activity that
is governedby thesecodes.

Typical efficaciesof commonlight sourcesare given in

Fig. I.
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Fig. 1 Typical Efficacies for Common Light Sources

7.3 TypicalFluorescentLuminaireUpgrades

Lighting system upgrade options for fluorescent lighting
systems include:

a) T5 and T8 lamp and ballast systems;

b) Low loss electromagnetic ballasts and electronic
ballasts(full output, dimmable, light-level
switching and low wattage); and

c) Optics upgrade.

7.4 TypicalIncandescentLuminaireUpgrades

Lighting upgradeoptions for incandescentfixtures
include:

a) Compact fluorescent lamps;

b) Halogen lamps;

c) Low wattage metal halide lamps; and

d) New luminaires that offer a higher efficiency.

7.5 Typical HighIntensityDischarge(HID) Lighting
Upgrades

Lighting systemupgrade options for HID lighting systems
include:

a) Switching to metal halide or high pressure
sodium vapour from high pressuremercury
vapour lamps;

b) Dimming ballasts; and

c) New luminaires that offer a higher efficiency.

7.6 TypicalControlUpgrades

Upgrades for lighting controls include:

a) Lighting management systems;

b) Dimmable fluorescent and HID systems;

PART 9ENERGY-EFFECTIVELIGHTING SYSTEMS

c) Daylight dimming systems that measure ambient
daylight and dim light levels accordingly,
producingenergy savings;

d) Illuminance maintenance dimming systems;

e) Electronic time clocks;

f) Occupancy sensors; and

g) Manual, step-leveland panel-leveldimming
systems.

7.7 Typical Exit SignUpgrades

Upgrade options for exit sign fixtures include:

a) Light emitting diodes (LEDs);

b) Electroluminescent panels;

c) Light panels;

d) FTL cold cathode lamps; and

e) New exit signs.

8 ECONOMICS

8.1 When upgrading an existing installation, a capital
investment is made that produces energy savings, which
deliver a payback and return on the investment. There are
several waysof using economics to compare lighting
systems. The most popular for screening purposes are
simple payback and return on investment.

a) First, determinethe initialcostofthenew lighting
system, and then compare energy usage to the
existing system to determine energy savings.

Initial Cost (Rs)=Equipment Cost
+ (Installation Hours x Labour Rate); and
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AnnualEnergySavings= (A - B) x EnergyRate
chargedby utility

where

A = {Existing systemwattage(kW) x Annual
operatinghours(h)]; and

B.=[New system wattage (kW) x annual operating
hours(h)].

b) Now determinesimplepayback,five yearcash
flow and simple returnon investment.

Simple Paybackon an Investment(Years)
= Initial Cost (Rs)+ AnnualEnergySavings(Rs);

5Year Cash Flow (Rs)= 5Years-Payback(Years)
x AnnualEnergySavings(Rs); and

Simple Return on Investment (%)
= [Annual Energy Cost Savings (Rs)
+ NetInstallationCost(Rs)] x 100.

c) Anothermethodof comparinglighting systems
is to look at the cost efficacy of the system,
expressedasrupeesper lumenhour, and the total
costof ownershipfor the systemover its life.

254

CostofLight/LumenHour= (Initial Cost+Total Operating
Cost) + (Total LumensDeliveredx Hoursof Operation).
Total OperatingCostand Hoursof Operationare set for
any period of time that the specifieror ownerwishesto
consider.

SimpleLife Cycle Cost= Initial Cost+ (AnnualOperating
Costx Life ofSystemin Years).AnnualOperatingCostis
Annual EnergyCost + Annual MaintenanceCost, with
the annualmaintenancecost assumingall labour costs,
replacementcomponents,etc. The life of the systemin
yearsmust be estimated.The owner can participatein
determiningthis figure, but otherwiseone could assume
20 years.

Once simplevaluesareachieved,one candeterminewhich
lighting systemmakesthe mosteconomicsenseto replace
the existing systemwith. Then one canconducta full
economicanalysis,including life cycle costingandreturn
on investmentthat takesinto accountmany economical
factors suchas thefuture valueof money.
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FOREWORD

The provisionofartificial lighting for variousapplicationsis achievedthroughproperdesign,engineering,installation
(erection)andmaintenance.Each oneoftheseis importantin its own right. While design in thiscontextrefersprimarily
to the designaspectsof lighting such as illuminance). glare, uniformity,colour, etc, asrelevantto the respective
application,the otherthree would include themechanicalandelectricalaspectsrelatingto theerectionofthe lighting
equipmentand the associatedelectrical distribution equipment.The work of a lighting installation involves
multidisciplinary coordinationto correctlytransformthe designconceptto the final installationwhich is safe and
satisfactoryfunctionallyas well asaesthetically,Thevariousaspectsin respectofall these areconsideredin 3 sections
under this part. Thissectioncoversthe mechanicalaspectsasapplicableto lighting installationwork, followed by the
electricalaspectsin Section2 andcoordinationaspectsin Section3 of this part.
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NATIONAL LIGHTING CODE

PART 10INSTALLATION ASPECTSFORLIGHTING
Section1 Mechanical

1 SCOPE

Thissectionofthecodeprescribesthe mechanicalaspects
of any lighting installation.

2 TERMINOLOGY

Thedefinitionsgivenin Part1 of this codeshall apply.

3 . STORAGEAND HANDLING

3.1 It is not uncommonthatthe luminairesarereceived
at site, well aheadof the actual time of installation.
Temporarystoragethus remains inevitable in most
installationworks. After verificationon receipt,it would
be a safepracticeto storethe luminairesand accessories
in the respectivepackingcases,lest they be damagedin
storageor while handlinglater.

3.2 Luminairesandpackedcases(as thecasemay be)
should be stackedso that there is no risk of moisture
ingressor exposureto sun orweathering.The storage
shouldbe in acovered,lockablespaceand yet itwould
be desirableto cover the storedmaterial by an overall
polythenesheetespeciallywhen storedwithout the
packingcases(whereinevitable).

3.3 Packagesof the luminaires, lamps andelectrical
componentsshould be handledwith care to avoid
mechanicaldamageor breakageduringtransportationand
installation. The packagesshould be marked for the
purposein bold lettersand symbols.

3.4 Luminairesshould be handledwith cleanhands.
Theyshouldbe held, to theextentpossible,symmetrically
duringinstallation.Reflectorsaregenerallymade from thin
sheetmaterial and caneasily get deformedwith slight
pressure.Particular care is needed,not to disturb or
damagethe reflectors.

3.5 The protective layer laid over reflectors in the
factoryshouldnot beremovedtill commissioning.Lamps
may also be fixed inpositiononly duringcommissioning.

4 GENERAL INSTALLATION CONSIDERATION

4.1 The interior lighting layouts may not at times
indicatethe'precisedistancesfrom walls. Theinstallation
at siteshould,however,be donewith due care to seethat
the functional design conceptis not upset, and at the
same time theaestheticsare maintained,as for example,
maintaining symmetry,alignment, relation with other
outletslike air conditioning.
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4.2 Mechanicalintegrity is importantin the installation
of lighting equipmentso that its position, alignment,
aiming,etc, donotgetalteredunderconditionsofnormal
use, maintenanceand the environmentalconditions
at site where it is installed. Supportingand anchoring
arrangementsto the walls or structuresas the case may
be, as well as theassociatedhardwareitems shall beof
adequatestrengthfor taking the load of the luminaire,
andcontrolgearwhereapplicable. In the caseofoutdoor
installations,the effect of wind force should also be
considered.

4.3 Pendanttypeluminairesshouldbe installedin such
a waythatthe weightshouldnot comeon to theelectrical
terminations.Suitableclamps for the cord should be
provided in the ceiling rose or suspensionbox for the
purpose. Wherepossiblethe cord may beknottedat the
luminaireendholder,ifthe luminaireis suspendedby only
the cord.

4.4 Where the luminaire is heavy (for example,
chandelier)a suitably sized chain or pipe should be
providedto takethe weight and thecord shouldbe free
from the weightoftheluminaire. Hooks should be provided
as necessaryto suspendsuch heavy luminaires.
Alternatively, if the luminaire is to be fixed to theceiling
directly, appropriatefixing arrangementsshould be
employed.It must be ensuredthat holes drilled in the
structurefor the purposeare exactlythe requiredsize, as
otherwisethe integrity of fixing thereto may not be
assured.

4.5 When luminairesare to beinstalled as part of a
falseceiling, it has to be firstconfirmedwhetherthe false
ceiling can take the load of the luminaire. It is often
convenientto suspendthe luminaire from the main
structure above the false ceiling using chains (in
preferenceto pipes),which will permiteasyadjustments
at site througha stud of about25 mm lengthweldedto
each endof the chain.

4.6 In installationswheresiteadjustmentwill be called
for (for example,flood lighting), one or twofixing holes
may beelongatedinsteadofbeing circular. Spring washers
and locknuts-shouldbe used withnormalbolts and nuts
to ensurerigidity of fixing at suchlocations.

4.7 The likely effectofcorrosionshouldbeconsidered
for the hardwareitems in highhumidity areasandcoastal
areas.Certain chemical and petrochemicalindustries,
chemistry laboratoriesin educationaland research
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institutions, lead acidbattery rooms, etc, arelikely to
introducecorrosivefumes in the atmosphere. The metallic
componentsshouldeitherbe madeof corrosionresisting
material, or beprotectedby an appropriatecoating of
anticorrosive material or paint. In most cases, mild steel is
used for thehardware,and it should be derusted,and
galvanizedbeforeinstallationor paintedwith red lead or
epoxy paint after installation. Threadsin particularare
areas highlyvulnerableto attack on the base metal. These
should beprotectedby an applicationof anticorrosive
material.Dependingon the extentof corrosionlikely in
the area,paintedsurfaceswill need repaintingat certain
intervals.

4.8 Whereheatenergyis likely to begeneratedfrom a
luminaire (forexample,one with incandescentlamps, or
from amagnetic ballast),the installationshouldbe such
that the heat isreadilydissipatedaway. Ifthis is not done
(for example,a luminairewith an enclosureas partof a
false ceiling), it can create heat traps and may even lead to
fire with long time use.

4.9 Magnetic ballastsmay causea disturbing hum.
This may not beacceptablein certain locations (for
example,studiosand conferencehalls). It may be then
desirableto install the ballastsoutsidesuch sensitive
areas,subjectto the limitation of distance(see Section2
of this part). Here again,necessaryprovisionsneed to be
made todissipatethe heat effectively.

4.10 Wherevergasketsare usedeither as part of the
luminaire orpart of the installation,the materialof the
gasketshouldbe suitablefor the operationalconditions
of the luminaireand theinstallation(for example,in an
outdoorluminairethegasketshould be fixed on the cover,
so that it does not tend to come off, when thecover is
opened for lampreplacementor maintenance).

4.11 In the erection of luminaires and electrical
distribution conduits and cables in trusses,suitably
designedclampsshouldbe used, since quite oftendrilling
holes in thestructuralmembersmay not bepermitted.

5 PARTICULAR CONSIDERATIONS

5.1 Wall mounted luminaires are very common in
residential installations. Apart from aesthetics,wall
mounting enableseasycleaningof the luminaire and
replacementof lamps without seekingassistancefrom
outside. For roomdepthsupto5 m, amountingheightof
about 2.4 m isgenerallyadopted.

Wall mountedluminairesare installed either directly on to
aphenolic laminatedsheetor to awoodenbase which in
turn is fixed either to the wall or to the electrical outlet box.
The fixing screwsshouldbe of adequatelength and the
useof a single screw for fixing should not bepermittedso
that the installed luminaire is not disturbed from its position
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duringmaintenanceandrelamping.Where wood is used,
it should beof good quality and be coated withvarnish
on all sidesbeforeinstallation. Wood screws should be
used forscrewingthe luminaireto thewoodenbase.

5.2 Where the floor height is low (for example,
mezzanines,passagesbelowattics anddepressedceilings
for toilets) luminairesshould be installed on wall space to
avoid mechanicaldamage.In areaswith normal floor
heights, luminairescan beinstalledat the ceiling level.
Whereinstalleddirectlyunderthe ceiling, it ispreferable
to fix the luminaireson round wooden blocks. This improves
ventilationofthe luminaireand also hides anyunevenness
in the finishing workofthe ceiling.

If ceiling fans are used forventilation, the positioning
should be such that thecut-off of the luminairebeam is
lower than theceiling fan so thatdisturbingshadows are
avoided. Where this is notfeasible,the lumina ire may
have to bebroughtdown suitably using down rods. In
the caseof fluorescenttube luminaires,a ball andsocket
arrangementis providedwhere the lengthof the down
rod is over 300 mm.

Utmostcare isneededin suchinstallationsin maintaining
thealignmentofthe luminaireas well as theuniformity or
spacingbetweenthe down rodsof everyluminaire,

5.2.1 Accessibilityofthe luminairefor maintenanceand
lampreplacementisvery important. No usefulpurposeis
servedif any luminaireis installed"either forillumination
or for decorationin such alocation that relampingor
maintenanceis not possible.This appliesequallywhere
accessories(if any) areinstalledin a separatebox.

5.2.2 In installationswith high ceilingssuch asauditoria
andexhibitionhalls, catwalksmay beincorporatedin the
design stageitself for access to theluminaireandcontrol
gear.

5.3.3 Accessto the luminaire may also beachieved
through mechanicalor electromechanicalraising and
loweringmechanisms(for example,highmastlighting and
adjustable indoor pendants). Suitable catwalksofadequate
mechanical strength are very essential for initial installation
and subsequentmaintenancefor auditoriaand outdoor
installationssuch as sports lighting,arenalighting and
hangarlighting.

5.4 It is common toprovidethe cableterminationsand
looping and the overcurrentprotectionof the lamp in a
box at the footofevery pole for street lighting andexterior
lighting of buildings. It is a safepracticeto locatethese
at aheightofat least 600 mmaboveground, and this will
also enable easyaccessibility.In the interestof safety,
suchterminationboxesshouldhave covers with latches
to a fail-safe design.

5.5 In respectof installationsfor underwaterlighting
as in swimming pools, the luminaire and cabletermination
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should be in a chamberadjoining the pool, so that
relampingand maintenanceis convenientlydone.There
shouldthen be aclearglassofsuitablethicknessbetween
the luminaire and the pool, with anecessarygasketto
preventseepageof water.

5.6 Needlessto mention, all safetyprecautionsrequired
for any mechanicalinstallation should be taken in the
processof the installationof luminairesand distribution
cables.Only tools appropriatefor the action and size
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involved should be used.The installing personshould
standon an adequateand reliable support,since the
installationwork will be doneat some height.Wherever
necessary,safetybelts shouldbe used.

5.7 'As fitted' drawings should be preparedon
completionoftheinstallation.In the caseoffloodlighting
and sports lighting installations,the record of aiming
anglesshouldbe maintainedimmediatelyafter the initial
installationfor referenceduringmaintenance.

NATIONAL liGHTING CODE



NATIONAL LIGHTING CODE

PART 10INSTALLATION ASPECTSFORLIGHTING
Section 2Electrical

SP 72 : 2010



CONTENTS

FOREWORD

SCOPE

TERMINOLOGY

STANDARDS

WORKMANSHIP

ASPECTSPERTAINING TO DESIGN

ASPECTSPERTAINING TO INSTALLATION AT SITE

ANNEXl

262

263

264

264

264

264

264

266

268

NATIONAL liGHTING CODE



Title

Code of practice for electrical wiring installations
(Third Revision)

SP 72 : 2010

IlluminationEngineeringand Luminaires Sectional Committee, ET 24 .

FOREWORD

Electricity is the main sourceofenergy for modern lighting. While the lamps andluminairesareselectedto providethe
required illumination to satisfythe functional requirements,electricalenergy should be madeavailablesafely to the
lamps at thedesiredsupply parametersof voltage and frequency. Theelectricalsystem should bedesigned,installed
andmaintainedas perrelevantstandardsso as to ensure thesupplyingof electricityat therequiredsupplyparameters
to operatethe lampsthroughtheir control gear(whereverapplicable).This sectionis devotedto aspectsrelevantto
electric supply anddistributionto lighting installations.

The following Indian Standardis anecessaryadjunctto this section.

IS No.

732:1989
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NATIONAL LIGHTING CODE

PART 10INSTALLATION ASPECTSFORLIGHTING
Section2Electrical

1 SCOPE

This sectionof the codeprescribesthe electricalaspects
of any lighting installation.

2 TERMINOLOGY

Thedefinitionsgiven inPart1 of this codeshall apply.

3 STANDARDS

3.1 There are Indian StandardSpecificationsfor all
importantcomponentsoftheelectricalinstallationin the
form ofproductstandards,for example,wiring accessories,
cables,switchgearand lamps).Thereare alsocodesof
practices(COP)to indicatethe bestengineeringpractices
with regardto the installation.A list ofthemostcommonly
applicableIndian Standardsis given inAnnex 1 of this
section.

3.2 In order to ensurequality and safety, it isalways
the properpracticeto usecertified products.Where it is
not possibleto do so for anyreason,conformity to the
relevant Indian Standardsshall be insisted upon
supportedwith test certificates.Out of the many
standards,IS 732-1989relatesto wiring installation.
Electrical installationsfor lighting circuits shall need to
complywith this standard.

3.3 TheNationalElectricalCodebringsout thevarious
importantaspectsas applicableto all typesof electrical
installationworks. Referencesto therespectivestandards
and codesapplicablehave also been madetherein at
appropriateplaces.Complianceto theNECwill ensurean
electricallysafeinstallation.

4 WORKMANSHIP

4.1 Theworkmanshipoftheelectricalinstallationmust
beofahigh order, so as toensureintegrity(securitygrade)
of serviceand safetyfrom shockhazardand fire hazard.
No short cut procedureshouldbe adoptedanywherein
the installation work (for example,twisting wire
terminationsinsteadof screwedconnections).

4.2 The contractor(agency)responsiblefor the work
of electrical installationshouldbe licensedby the state
governmentconcernedfor the typeofwork to beexecuted.
The skilled workers should also possessthe necessary
licensefor the trade involved. Theserequirementsof IE
Rules1956 aremandatoryand must becompliedwith.
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5 ASPECTSPERTAINING TO DESIGN

5.1 It is a fundamentalrequirementthat everypart of
the electrical systemshall be capableof carrying the
currentsinvolved for the period of currentflow, safely.
Everyconductorcarryingcurrentwill produceheat energy
equivalentto PRt(whereI is the current, R is theresistance
of the conductorand t is thetime ofcurrentflow) and the
consequentrise in temperatureshould be suchthat the
insulationmaterialover theconductorwill not be adversely
affected by the resultant final temperatureof the
conductor.The current may be acontinuousoperating
currentfor a long time, or be a largeinrushcurrentfor a
shorttime during switchingon, or be a faultcurrentdue
to anearthfault or shortcircuit fault for aperiodwhich
will be governedby the operatingtime of the protective
deviceconcerned.In the caseof dischargelamp circuits,
the continuouscurrentwill correspondto the lamp load
plus the losses in thecontrol gear.

The cablingandwiring materialselectedfor lampcircuits
shouldtake intoconsideration,not only the loadcurrent,
but alsoconditionsof installationsuch as openbunching
in conduitsand hot or coldenvironmentaround the wiring.
Oversizingmay berequiredto compensatefor any likely
reductionin the permissibletemperaturerise due to any
suchadversecondition.In fact this will applyevento the
wiring cablesforming partof the luminaires.

5.2 Every part of the electricalsystemshall have the
required level of insulation. Normally lighting circuits
operateon singlephase240 V ac supplyand thevoltage
gradeof the materialsasper standardswill be 650 V. In
largerinstallations,the supplyis 3phase415 V ac and the
insulationwill be to 1 100 Vgrade.In certaindischarge
lampsan electronicdevice is used to give highvoltage
pulsesto the lamp tostrike. The insulationmaterialused
for the wiring and cabling should be capableof
withstandingthis voltage.

5.2.1 Every luminaireshouldbe controlledby a switch.
Therecan, however,be group control of more than one
luminaire by a switch or a single luminaire may be
controlledby 2 switches.The switching arrangementis
designedon a case to casebasisfor the bestfunctional
utility. As far as possibledischargelamps may have
individual controlsbecausesuch loads arepredominantly
inductiveandtherecan besparkingat theswitchesduring
on off operationstherebyreducingthe life of the switch.
It is goodto oversizethe switchesin suchcircuits to say,
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at leastdoublethe normaloperatingcurrentofthecircuit,
consideringtheeffectofsparkingduringswitchingwhere
group switching is involved.

5.2.2 A semiconductordevice may be used forswitching
circuits for certain lighting installations.This is not
suitablefor disconnectionunderovercurrentconditions
and shouldalwaysbe backedup by anecessarycurrent
protectivedevice.

5.2.3 Group dimming facilities should be available in
auditoria and multipurposehalls. The grouping of
luminairesfor switchingor dimmingshould bedecidedat
the designstage.Dimming facilities shouldbe available
in all areas where.projectionoftransparencies,slides, etc,
are likely, such asselectedlecture hails,seminarhalls
and conferencerooms. The dimmers may be the
autotransformertype orelectronictype.

5.2.4 Dischargelampsoperatingon a voltage higher than
1000 volts (like neon signs) will need a fireman emergency
switch locatedin aneasilyaccessibleplaceand it should
bemarkedaccordingly.

5.3 As far aspossiblethecontrolgearshouldbeplaced
near the lamp aspartof the luminaire.Wherethe control
gear isproposedto be locatedaway from the lamp the
distancebetweenthem should not be excessive.Lamp
manufacturersmay beconsultedin individual cases,It
must also beensuredthat there isproperdissipationof
heatfrom thecontrolgear.

5.4 It is a commonpracticenot to mix the lighting
circuits withcircuitsfor appliances(socketoutlet circuits).
This isbecausethe lighting service is likely to be adversely
affected if any defective applianceis connectedin a
lighting circuit.

5.4.1 The luminairesshouldbe distributed in different
circuits, eachcircuit controlledby a 6 A fuseminiature
circuit breakers (MCB) notexceeding800 W.The switches
and MCBsshould be rated forswitchinglow powerfactor
load. The circuits may be distributed in all the phases
where3 phasesupply is used.

5.4.2 Lighting of corridorsandcommonareasofpublic
buildings should be connectedin a separatecircuit
preferablyfed from astandbysupply.

5.4.3 It is a safety requirementthat exit lighting, foot
lights, fire escaperoute lighting andsecuritylighting are
all connectedto essentialcircuits so that these could be
suppliedfrom astandbygenerator, whereprovided.These
are wired incircuits independentof the generallighting
circuits and other loads.

5.5 Wherethe lighting installationis very close to the
substation(for example, substationlighting) the switches
and distribution boardsselectedshould have as high a
fault rating as may beencounteredin suchsituations.
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5.6 A rotatingobjectin a space illuminated by discharge
lamps will appearto be revolving at a speed lower than
the actualspeeddue to the'StroboscopicEffect'. In an
extremecase, theobjectmay appearstationaryor even
revolvingin oppositedirection. Theelectricaldistribution
should be done in 3phaseto avoid this problem. For
example,where the lamp's areinstalledin a row, the first
one may beconnectedto R phase, thesecondto Y phase
and thethird to B phaseand so on. This will be a simple
andeconomicalmethod.Alternatively,fluorescentlamps
with electronicchokes,which feedsupplyto the lamps at
a very high frequency, can be used.

5.7 Lighting in exhibition areasare designedfor
flexibility. The typesofexhibitsand theinternallayout of
exhibitionstalls will bedifferentfor each event. The task
lighting isprovidedexaminingthe requirementson a case
to case basis. Theflexibility in theelectricaldistributionis
effected by providing a light track or by providing a
numberofsocketoutlets on the walls with suitable spacing
so that theluminairescan beconnectedas required. In
large exhibitionhalls differentfloor areas areallottedto
different exhibitors,who in turn provideaccentlighting
for theexhibits,Mostof thewiring for lighting in stalls is
temporaryin nature,with the electricsupplydrawn from
bus ducts. In theinterestofsafetyfrom electricalleakages
in such cases, it will benecessaryto provideearthleakage
protectionat thecircuit level. This will also avoidmajor
disruptionof the lighting serviceifthere is a fault in any
luminaire circuit.

5.8 In the caseof outdoor lighting such as street
lighting andcompoundlighting, it is desirableto provide
earthleakagecircuit breakers(ELCB) in thecircuitsso as
to reduceshockrisk. From the pointof view of energy
conservation,luminairesmay bedivided in two circuits
so that onecircuit can beswitchedofflateat nightwithout
compromisingthe security.It is alsoessentialto provide
protectionfor every light outlet in the form of a fuse or
MCB at each pole to improve theintegrityofservice. The
distributionmay be fromproperlydesignedfeederpillars
which mayaccommodatethe controlgear also.

5.9 Protectionagainst earth leakage or fault isnecessary
from the safety point of view in accordancewith the
provisionscontainedin IS 732, Basicallythis code calls
for bonding to earth all 'exposed'and 'extraneous'
conductingparts (like the metallic body of equipment
conduits)in an equipotentialzone andcoordinatingthe
characteristicsof the disconnecting(protective)device
so as todisconnectthe faulty circuit within a timeperiod
that can prevent fatal electric shock. Earthing is an
extremelyimportantaspectof electrical installationsin
this regard. Themetallicbodyofall luminairesarelooped
and connectedto an earthterminal as per theearthing
schemeto bepreparedin accordancewith IS 732 so that
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the 'touchpotential'does notexceed50 volts anywhere
in the system.This applies equally to the outdoor
installationsas well. ELCB shall beprovidedat the level
of distribution boards if the overcurrentdevice is not
likely to operate within a safe time by earth leakage (fault)
currentprescribedin the relevantIndian Standard.

5.10 Electromagneticradiation may emanateat radio
frequency (RF) from discharge lamp operations in the form
of radiationin space around and/orthroughtheelectrical
wiring. The latter iscalled conductedelectromagnetic
interference.This may besuppressedby suitable filters
in the lighting circuits. These areparticularlyimportantin
installationshavingequipmentsensitiveto RF. The effect
ofradiatedEMI can becontrolledby providingnecessary
shieldingover theradiatingbody.

5.11 Harmoniccurrentsare verycommonin discharge
lamp circuits due to the non linear voltage current
relationshipin the dischargeand consequentdrawl of
non-sinusoidalcurrents. The oddharmonics,especially
the 3rd harmonic,causeheatingofneutralsanddistortthe
supply voltage wave form (dictated by the source
impedanceandcircuit parameters)in the installationand
this may not bedesirablefor certain other equipment
connectedto the samesourceof supply. Corrective
actionsto filter out harmonicsmay be called for near the
main switchboard,where the numberofdischargelamps
connectedis large.

5.12 Since the contentofharmoniccurrentin the neutral
conductorbecomesa highproportionof the loadcurrent
in dischargelamp circuits, a balancedthree phase
distributionis a commonpractice.The neutralconductor
may have areducedcross-sectionalareaappropriateto
theexpectedvalueoftheneutralconductor.In anycircuit
where the load ispredominantlydue to discharge lighting,
the neutralconductorshall have across-sectionalarea
not less than thatof the phaseconductor(s).

5.13 All discharge lamp circuits employ an inductive
ballast (choke) or stabilizer.This results in drawing a certain
lagging (reactive)componentof current that is the total
current drawn from the mains is more than the active
componentof current to deliver the required amountof
power to the lamp. This low power factor situation results
in unnecessaryoversizingof the wiring. Though a power
factor improvementcapacitoris usually providedwith
individual luminaires for discharge lamps, still this may be
required for the complete installation especially for large
installations (such as industries and multistoried buildings).

6 ASPECTS PERTAINING TOINSTALLATION AT
SITE

6.1 Intermediatejoints in wiring should be avoided
from the fire safetypoint of view. Where suchjoints are
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unavoidable,the joints shall not bepermitted in any
locationwhich is inaccessiblefor inspectionsuch as the
spaceabove false ceilings. Thejoint shall never be the
twisted type, but the crimped type withpropercrimping
accessoriesand sleevingand/or insulationso that a fault
does notdevelopfrom there.

6.2 The wiring shouldinvariablybe terminatedin an
outletin the formofa ceiling rose, orconnectoror switch,
all ofwhich must haveproperscrewedterminations.The
twisting of conductorsat terminationsshall not be
permittedat all.

6.3 Whereverpossible, theterminationsshould be with
crimpedlugs. Where theterminationarrangementis other
than with screws (such aspressuretype connections),
the type of accessoryused with the wiring at the
termination shall be suitable for this use. These
precautionsare necessaryto avoid any local heating at
terminations.

6.4 Earthconductorconnectionsare asimportantas
phase andneutralconductorconnections.The integrity
oftheloop earth inconductorterminationsat the metallic
body ofthe luminairebox containingtheaccessoriesand
the distributionequipment,should be very high by using
properscrewedconnectionswith metallic washers. The
twisting of conductorsshould not bepermittedeither at
terminationsor in the runs. Where the integrity of
mechanicalconnectionsof metallic conduitsis likely to
be affected (for example,flexible metallic conduits),
independentearthcontinuityconductorsmust be run with
such wiring,terminatedon screws at both ends.

6.5 Thearrangementof the connectionof luminaires
and any boxcontainingtheir accessoriesshouldbe such
that removal of any of them for the purposeof
maintenance,repairor replacement,shall not cause any
disturbanceto the loopearthingsystem or theelectrical
distributionto other luminaires, nor should there be any
possibilityof causing a fault.

6.6 Where luminairesare to be installed in a falseceiling,
it would bepreferableto run the electrical wiring, suitably
fixed to the false ceiling framework depending on the type
offalseceiling, inpreference to layingconduits in the ceiling
and taking the working to the luminaires by either rigid or
flexible conduits, so that the wiring is easy for inspection
and maintenance.If the wiring has to be necessarily taken
from the ceiling level, it should as far aspossiblebe
extended to the luminaire in the false ceiling without a joint.
Also, it should be taken in a conduit and not be left naked.
If the same is terminated on the ceiling, it must be readily
accessible for inspection and maintenance.

6.7 PVC cables should not be installed exposed to the
sun as apermanentinstallation,since PVC turns brittle
over aperiodoftime onexposureto ultravioletradiation
from the sun unlessspeciallyprotected.
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6.8 The luminaires shall beconnectedon the neutral
side only. Thecontrollingswitchesof the luminaires shall
beplacedon the phase sideofthecircuit. If this is reversed
there is a riskoffull electric potentialbeing available at the
luminaire terminalevenif the switch is in theoff position
and this will be quite unsafe.

6.9 Where Edison screw lamp holdersare used, the
centerof these should beconnectedto the phase and the
outer screw to the neutral as partof the precautionagainst
shockprotectionwhile changingthe lamp.

6.10 The locationofcontroIsof lighting in different areas
should be arranged to suit thefunctionality and easeof
operation, for example, the positionsofthe control switches
are very important in wards and operationtheatres.In
operationtheatreseach luminaire should beindependently
controlled to enableindividual requirementsfor special
operationsto be met. In ICUs and recovery rooms dimming
of individual bed lights is also desirable.
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6.11 Control switch positionsand the typeof control
switchesshould match with the decor of the interior,
especiallyin hotel guest rooms, lounges,conference
rooms, etc.

6.12 In outdoor lighting installationsthe loop in box
should preferablybe locatedat a height of 1m above
groundlevel from thepointofview ofeasymaintenance.
This issubjectto approvalby theArchitectfrom aesthetic
considerations.In any case, suchboxesshall not be placed
at alocationneargroundlevel since this not onlycauses
maintenanceproblems,but is alsounsafeboth from the
point of view of flooding during the monsoonand also
thepossibilityofanyone(like children)comingin contact
with a live box.

6.13 Lampholderswithin a distanceof2.5 m from the
bathtub,shower,cubicle shall bedesignedto preventa
shockhazard.
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IS No.

ANNEX 1
(Clause3.1)

LIST OF APPLICABLE INDIAN STANDARDS

Title IS No. Title

371:1999

694:1990

1293:2005

3854:1997

IS/IEC60898-1(2002)

9537(part2):1981

9537(part3):1981
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Ceilingroses(Third Revision)

PVC insulatedcablesfor working
voltagesupto andincluding 1100
V (Third Revision)

Plugsand socketoutletsof rated
voltageupto andincluding250
volts andratedcurrentupto and
including16 A(Third Revision)

Switchesfor domesticandsimilar
purposes(SecondRevision)

ElectricalAccessories- circuit
breakersfor overcurrent
protectionfor householdand
similar installationsPart1Circuit
breakersfor ac operation
(SupersedingIS 8828)

Conduitsfor electrical
installations:Part2 Rigid steel
conduits(SupersedingIS 1653)

Conduitsfor electrical
installations:Part3 Rigid plain
conduitsof insulating
material(SupersedingIS 2509)

12640(Part1):2000

12640(part2):2001

14772:2000

14927(partl):2001

14927(Part2):2001

Residualcurrentoperatedcircuit
breakersfor householdand
similar use: Part 1Circuit-breakers
without integralovercurrent
protection(RCCBs)(First
Revision)

Residualcurrentoperatedcircuit-
breakersfor householdand
similar use:Part2 Circuit-breakers
with integralovercurrent
protection(RCVOs)(First
Revision)

Enclosuresfor accessoriesfor
householdandsimilar fixed
electrical
Installations[SupersedingIS
5133(Part1and 2)]

Cabletrunking and ducting
systemfor electricalinstallations:
Part1Generalrequirements

Cabletrunking and ducting
system forelectricalinstallations:
Part2 Cabletrunkingandducting
systemsintendedfor mounting
on walls orceilings
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Illumination Engineeringand LuminairesSectionalCommittee,ET 24

FOREWORD

Lighting is animportantserviceelementin abuilding. Lighting is used notmerelyat nightsenablingnormalmovement
andactivitiesand assisting in security, but is alsoextensivelyused evenduringthe day timeespeciallyin nonresidential
buildings, for various reasonssuch asconductof normal activities (for example,offices), security(for example,
offices, hotels),decoration(for example,hotel lounges), accents (forexample,exhibitionareas andshoppingmalls),
specialfunctionalneeds (forexample,operationtheatres,auditoriaand indoorsportshalls) and so on. A goodlighting
installationindeedprovideslife to a building.

The luminaireand control switchesare the only visible itemsof the systemand theseshouldbe integratedwith the
environmentand should be installed for ease inmaintenance.Electricsupplyshouldbe given to the lampssafelyand
without any difficulty. Coordinationof the Lighting Engineeris essentialwith the Architect, the ElectricalEngineer
and the CivilEngineerto achievea satisfactorylighting installation.This sectionis devotedto theaspectsrelatingto
such interdisciplinarycoordination.
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NATIONAL LIGHTING CODE

PART 10INSTALLATION ASPECTSFORLIGHTING
Section3 Coordinationwith RelatedDisciplines

1 SCOPE

This sectionof the code gives abroad outline of the
coordinationwith variousagenciesandauthoritiesin the
executionof lighting installations.

2 TERMINOLOGY

The definitionsgiven inPart1 ofthis code shall apply.

3 DESIGN AND EXECUTION

3.1 While there can be no compromise on the functional
requirementsof lighting, the lighting systemshould·
necessarilymerge with thesurroundings,whether it is
internal or external installation.This calls for detailed
interactionby the Lighting Engineerwith theArchitects
and StructuralEngineersconcerned.

3.2 The Lighting Engineer 'should study the
architecturaldrawings and understandthe basic
parameterssuch asspacedimensions,spaceutilities,
provisionoffalseceiling and its type,provisionofcentral
air conditioning service,availability of wall space for
control switches, etc. TheLighting Engineershould also
interactto ascertainthe typeof structure,beampositions
and sizes. The user should be consultedfor special
requirementsifany and also in regard to theacceptability
of the final designof the layout as well asselectionof
luminaires.

3.3 Lighting layouts inbuildingsshould be sodesigned
that the luminaires aresymmetricallyplaced within the
bays formed by the beams. In astructurewithout any
false ceiling, where the beamswill be visible, any
asymmetrywithin the bays will spoil theaesthetics.
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Wherethe ceiling is with waffles, thedimensionsshould
be such that the desired luminaire can be installed
convenientlywithin.

3.4 The layoutof luminaires, airconditioningsystem,
fire protectionsystem, etc should becoordinatedso that
all the outlets areintegratedfor the best aesthetics without
loss of functionality for any of the services.As far as
possible,luminairesbelow the duct should be avoided,
so that anycondensationon duct work does not drip over
the luminaires.

It will be also necessary to check the space available above
the luminaires forrecessedinstallationin the false ceiling,
taking intoaccountthe layoutofotherserviceslike ducts,
pipes, etc. While doing -so,dissipationof heatproduced
at theluminairesshould beconsidered.

3.5 The methodof installationof luminairesdirect to
the ceiling with or without round blocks, provision of
chains or down rods and their sizes is to bedecidedin
consultationwith the Architect. Where a false ceiling is
proposed,the decisionon the methodof installationmay
be taken only afterconsultationwith the Civil Engineer
on the ability of the false ceiling to carry the weight of
the luminaires and the wiring.

Where the luminaire is heavy and needs suitable provision
like hooks to suspend it or where aclusterof luminaires
needsto be installed as in an outdoor installation,
interactionwith all disciplinesis extremelyimportant.

3.6 Closecoordinationwith theElectricalEngineeris
required in regard to the switching and distribution
arrangements,control positions, dimming facilities,
wiring needs, etc.
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Illumination Engineeringand Luminaires Sectional Committee, ET 24

FOREWORD

Daylight has beenintimately connectedwith architecturefrom the daysof early humancivilization as man's visual
activitiescould beperformedonly underdaylighteven insidebuildings,before theinventionoftheearly artificial light
sources like the plain oil lamp or the candle. Allartificial lighting, includingelectriclighting, was in fact meant for use
during the night toenhancethe period of human visual activities. Due to a senseof euphoriaon theavailability of
electricity and due to theundesirablethermal gain and lossesassociatedwith windows used fordaylight inside
buildings,the useofartificial lighting becamepopularinsidebuildingseven during daytime hours,particularlyin air
conditionedinteriors. However, surveysconductedon occupants'responsesshowedpreferencefor the dynamic and
variablequantityand qualityof daylight with windows providing a" desirableview of and contactwith the outside
world.

The presentenergyscenarioof limited fossil fuels andofdegradationof theenvironmentin the generationofenergy
from fossil fuels, has givendaylighta new and veryimportantdimensionrelatedto energyconservationand a clean
environment.Daylight is a renewablesourceof light whoseutilization for lighting of building interiors during the
periodit is available,couldlead to energyconservationandpromotionof a friendly environment.

Since daylight is externalto a building and varies with the timeof the day andseasonsof the year,planningfor
daylightinginside abuildinghas to be made right at the timeoftheplanningofthebuilding.The sun is the main source
of daylight,whereasskylight is theeffectof scatteringof sunlightby theatmosphere.In a tropical country like India,
direct sunlightcausesexcessiveglare in the visual field and is thusunsuitablefor daylightingof building interiors.
Skylight on the other hand, can be a major sourceof interior lighting. However, asskylight varies with the timeofday
and seasonsof the year, theorientationand the designof windows should be the factorstakeninto consideration.

The following Indian Standardsarenecessaryadjunctsto this part.

IS No.

2440:1975

3646(part 1):1992

6060:1971

7942:1976

PART11DAYLIGHTINGFOR BUILDINGS

Title

Guide fordaylightingofbuildings(SecondRevision)

Code of practicefor interior illumination: Partl General
requirementsand recommendationsfor working interiors
(First Revision)

Codeofpracticefor daylightingof factory buildings

Codeof practicefor daylightingof educationalbuildings
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PART 11DAYLIGHTING FORBUILDINGS

Fig. 1Azimuthof a CelestialBody

1 SCOPE

This partoftheNationalLighting Code (NLC) covers the
general principles and methodsofdaylightingofdwellings,
offices and hospitals.It recommendsthe minimum
illumination values to be achievedby daylighting
principles and gives generalguidancefor realizing the
values in practice,

2 TERMINOLOGY

For thepurposeof this part of the NLC, thefollowing
definitions shall apply inaddition to those givenunder
Part 1of this code.

2.1 Altitude (8) - The angular distanceof any point
ofcelestial sphere, measured from the horizon, on the great
circle passingthroughthe body and the zenith.

2.2 Azimuth (<I» - The anglemeasuredbetweenthe
meridianspassingthroughthe north point and thepoint
in question(pointC in Fig. 1).

2.3 ClearDesign Sky - The distributionofluminance
of such a sky is non uniform; thehorizonis brighterthan
the zenith, and whenL, is the observedminimum sky

luminance, theluminanceat an altitude (8) in the region
away from the sun, is given by the expression:

La= Lz cosec 8

where, 8 liesbetween15° to 90°, and La isconstantwhen
8 liesbetween0° and 15°.

2.4 Daylight Factor- It is a measureof the total
daylightilluminanceat a point on a given planeexpressed
as the ratio (orpercentage)which the illuminanceat the
point on the given plane bearsto the simultaneous
illuminanceon ahorizontalplane due to a clear design
sky at anexteriorpointopen to the whole sky vault, direct
sunlightexcluded.

2.5 Daylight Area - The superficial areaon the
working plane illuminated to not less than aspecified
daylight factor.

2.6 Daylight Penetration- The maximumdistance
upto which a given daylight factor contourpenetrates
into a room.

2.7 ExternalReflectingComponent(ERC) - Theratio
(or percentage)ofthat partofthe daylight illumination at a
point on a given plane which is received by direct reflection
from external surfaces ascomparedto the simultaneous
exterior illumination on a horizontal plane from the entire
hemisphereof an unobstructedclear design sky.

2.8 InternalReflectedComponent(IRC)- The ratio
(or percentage)of that partofthe daylightilluminationat
a point on a given plane which is receivedby direct
reflectionor interreflectionfrom the internal surfaces as
referredto the simultaneousexterior illumination on a
horizontal plane due to the entire hemisphereof an
unobstructedclear design sky.

2.9 North and South Points - The points in the
respectivedirections where themeridiancuts the horizon.

2.10 Reveal-The sideofan opening for a window.

2.11 SkyComponent(SC) - The ratio (orpercentage)
of that partof the daylight illumination at a point on a
given plane which isreceiveddirectly from the sky as
comparedto the simultaneousexteriorillumination on a
horizontal plane from the entire hemisphereof an
unobstructedclear design sky.

2.12 DirectSolarIlluminance- Theilluminanceat a
point due to the sun with the light from the sky excluded.

2.13 Working Plane- The horizontalplane at a level
at which work shallnormallybe done. For thepurposeof
this code theworking plane, unlessspecifiedotherwise,

MERIDIAN

S-Geographicalsouth

E-Geographicaleast

W-Geographical west

NP- Celestialnorth pole

Celestial south pole

0- Observer'sstation

C-Celestial body

Z-Zenith

NA-Nadir

N- Geographicalnorth
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shall beassumedas thehorizontalplane 80 cm from the
floor (normaltabletop level) inhouses,flats, offices,and
hospital wardsand 90 cm(normalor benchlevel) from
hospitaloperationtheatres.

2.14 RoofLight - Openingofonehorizontalor nearly
horizontaltop boundarysurfaceofa building.

2.15 ShadingDevice- Deviceto reduceor obstruct
the solar or skyradiationor preventexcessiveheat gain
and glare.

2.16 Skylight(Diffuse)- Illuminanceat apointdue to
the sky on ahorizontalplanefrom thewholehemisphere.

NOTE - Skylight is also commonly known as sky
illuminance.

2.17 Window- Opening on a vertical or nearly vertical
surfaceofa room foradmissionofdaylight.

3 DAYLIGHTING

3.1 SourcesofDaylighting

3.1.1 The primarysourceof light for daylighting is the
sun.Thelight receivedby theearthfrom the sunconsists
of two parts;direct solar illumination and skylight. For
the purposeof the daylighting design, direct solar
illumination shall not beconsideredand only skylight shall
betakenasacontributingfactor to theilluminanceofthe
building interiorsduringthe day.

3.1.2 Theamountofskylightdependson thepositionof
the sundefinedby its altitude,which in tum varieswith
the latitudeof the location, the dayof the year and the
time of the day.

3.1.3 The external available horizontal skylight (diffuse)
values which areexceededfor about 90percentof the
daytime working hours may be taken asoutdoordesign
illuminance values for ensuringadequacyof daylighting
design. The outdoor designsky illuminancevaries for
different climatic regionsofthe country.The recommended
designsky illuminancevalues are 6 800 lux for cold climates,
8 000 lux forcompositeclimate,·9 000 luxfor warm humid
climates, 9 500 lux for temperate climates and 10 500 lux for
hot dry climates. For integration with the artificial lighting
during daytime working hours, an increaseof500 lux in the
recommendedsky design illuminance for day lighting is
suggested. The externalavailablehorizontal illumination
which may be assumed for designpurposesin the country,
broadlycoveringIndia from north to south under clear sky
condition, may be taken as 8 000 lux. Since the design is
based on the solar positionof15°altitude, the corresponding
illumination from the design sky has been found to be nearly
constantall over the country. However, the prevalent
atmospherichaze which varies from place to place may
necessitatea 25percentincrease in the valueof8 000 lux
design illumination suggestedin this code,wherehaze
conditionsprevail at the design time.

PART 11DAYUGHTING FORBUD.J>INGS
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3.1.4 The daylight factor is dependenton the sky
luminancedistribution, which varieswith atmospheric
conditions.A clear design sky with its non-uniform
distributionof luminanceis adoptedfor the purposesof
design(see 2.3).

3.2 ComponentsofDaylightFactor

3.2.1 The daylight factor is the sumof all the daylight
reachingan indoor referencepoint from the following
sources:

a) Thedirectsky visible from the point;

b) External surfacesreflecting light directly (see
NOTE 1) to the point; and

c) Internal surfacesreflecting and interreflecting
light to the point.

NOTES
1. External surface reflection may be computed

approximatelyonly for points at the centreof the
room. For detailed analysis, procedures are
complicatedand these may be ignored foractual
calculations.

2. Eachof the three components, when expressed as a
ratio or percent of the simultaneousexternal
illuminance on the horizontal plane, defines
respectivelythe sky component(SC), theexternal
reflected component(ERe) and the internal reflected
component(IRC) of the daylight factor.

3.2.2 The daylight factorson the horizontalplaneonly
are usually taken, as the working plane in a room is
generally horizontal. However, the factors in vertical planes
should also beconsideredwhen specifyingdaylighting
values for special cases,suchas daylighting on class
rooms,blackboards,picturesandpaintingshung on walls.

3.3 SkyComponent(SC)

3.3.1 The sky componentfor a window of any size is
computed by the useofthe appropriate tableofAnnex A.

Therecommendedskycomponentlevel should be ensured
generallyon the working plane at the following positions:

a) At a distanceof 3 to 3.75 m from the'window
along the central line perpendicularto the
window;

b) At the centreofthe roomifmoreappropriate; and

c) At fixed locations, such as school desks,
blackboardsand officetables.

Thedaylightareaoftheprescribedskycomponentshould
not normallybe less thanhalfthe total areaof the room.

3.3.2 The values obtainablefrom the tablesare for
rectangular,open unglazedwindows, with no external
obstructions.The values shall be correctedfor the
presenceof window bars, glazing and external
obstructions,if any. This assumesthe maintenanceof a
regularcleaningschedule.
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3.4 Corrections for Window Bars

The correctionsfor window bars shall be madeby
"multiplying the values read from tables in Annex A by a
factor equal to the ratioof the clear opening to the overall
opening.

4 WINDOW DESIGN

4.1 Clauses4.1.1 to 4.2.5.4give a simplified method
of arriving at the window dimensions to provide a given
daylight factor-on the working plane in rooms where the
floor area is less than 60 sq m and the proportionsof the
rectangular rooms with side lengths in the ratioof2:3.

4.1.1 The locationof the window(s) on the shorter or
longer wall has to betaken into consideration,as it
influences the availabilityof daylight at the centreof the
room or nearby area.

4.1.2 The relation betweenthe daylight factor at the
centreofa room (or the rearof it, that is near the rear wall)
and window are expressed as a percentageof the floor
area that willprovide the daylight factor is shown in
Fig. 2 and Fig. 3 for four possible situations: (a) the aperture
is just an opening in the wall, (b) the opening is glazed
with 3 rom thick glass, (c) the glazed opening is a wooden
window, and (d) the glazed opening is a metal window (it
is to be noted that a wooden window frame cutsoff more
daylight as compared to a metallic window. frame). The
abscissa is marked accordingly.

4.1.3 The effectof unobstructedwindows on the long
or short wall onth; daylight availability at the centreofa
room or its rear can be ascertained from Fig. 2 and Fig. 3.
The following assumptions were made: "

a) The interiorof the room possesses the following

reflection factors:

i) walls: 45-50 percent;

ii) ceiling: 70-75 percent; and

iii) floor: 24-30 percent.

b) Ceiling height is taken to be 2.75 m;

c) Windows are provided with louvres to cut the
incursionof sunlight;

d) The combined thicknessof wall and width of
louvre is taken to be 60 cm;.

e) The ground reflection factor is taken as 0.25; and

f) No external obstruction.

4.1.4 The fenestrationpercentageof the floor area
arrivedat by using Fig. 2, Fig. 3 and Table 1 isexpected
to providethe requiredamountof daylightat thepoint
in question.However,the presenceof dirt on the glass
reducesthe quantityof light enteringthe room and the
glazinghas to becleanedperiodically.The areaof the
window arrived at may besplit into two or three and
locatedon the window wall will provide uniformly
distributionof daylighting on theworking planes.The
sill heightshouldbe between80 and 105 em to get the
maximum advantageof vertical and horizontalplane
illumination. The need toprovide suitablelouvres or
overhangsto avoid direct sunshineshould be
considered.

4.2 Lux-GridMethod

The lux-grid methodmay beusedwithin 10 percent
accuracy to:

a) assess the illumination level on the working plane

22o 2 4 6 8 14

FENESTRATION PERCENTAGE OF
FLOOR AREA

Fig. 2 DaylightFactor on the Working Plane for aComerlocated Window

A FLOOR AREA 10 - 30 m2

B FLOOR AREA 30 - 60 m2

Wl WINDOW ON LONGER WALL
Ws WINDOW ON SHORTER WALL

DAYLIGHT FACTOR
- CENTRE POINT

DAYLIGHT FACTOR
--- AT REAR POINT

IRCAv FOR AAND B

A
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FSNSSTRATION PERCENTAGSof
FLOOR AREA

Fig. :1 I)aylightFactQroUtheWorking.pral1e for a.CenttallyLocatedWindow

A FLOOR AREA 10 - 30 mZ

B FLOOR AREA 30 - 60 mZ

W~ WINDOW ON LONGER WALL
Ws WINDOW ON SHORTER WALL

DAYLIGHT FACTOR
CENTRE POINT
DAYLIGHT FACTOR

-- AT REAR POINT
IRCA\! FOR AAND B

Table 1RecommendedIlluminanceLevels onWork
Areasfor EducationalBuildings

(Clause 4.1.4)

or other horizontal surfacesas providedby a
given arrangementof windows; and

b) 'Calculate window sizes to give desired
illumination levels on the working planes.

4.2.1 The grid (Fig. 4 and Fig. 5) represents the window
wallofa room abovethe workingplane.The windowwall is
divided into small squares and each square contains a few
dots and a few crosses. The system is symmetrical about
the vertical line PY passingthrough the point P. The
horizontal PW throughP correspondsto the planeof
reference,usually the working plane. By drawing the
elevationof the window on the grid andcountingthe
numberof dots and crosseswithin the window outline,
theilluminationcan be found.Ifthe desiredillumination
is known,the"sizeofthe windows can also be determined.

si. Work Areal
No. Visual Task

(I)

ii

iii

iv

Illuminance Corresponding
(lux) Daylight

Factor(%)

(2) (3) (4)

Class-roomdesk, 150-300 1.9-3.8
writing boards

Laboratories 200-300 2.5-3.8

Library (readingtables) 150-300 1.9-3.8

Drawing, typing, sewing 300 3.8

Toilets 150 1.9

NOTE - The levels suggested in this table do not take
into account the decreasein illumination due to
occupancy(and the variations in the reflectanceof
school uniforms) and should be used as a guide only.
However, in the first instancethis reduction can be
treated as negligible. The grid is based on measurements
of sky luminance and daylight availability all over India.

4.2.2 SizeofGrid

The squares on the grid have a scale dimension relative
to the distanceof aparticularpoint on the working plane
(where illumination is to be found) from the window wall,
measured normally from the planeof the glazing. Unit
distance on the grid isone-tenththe distancebetween
the point on the working plane and window plane. For
example,if the point on the working plane is located
375 em from the window wall, each sideofthe small grid is
37.5cm.

4.2.3 Sill-HeightofWindow

Since illumination on a horizontal working plane comes
mostly from that partof the window which is above"its
level, the sillof the window should be arranged either at
or above the working plane height. Where due to special
reasons, the sill is below the levelof the working plane,
only the dots and crosses above the working plane level
will contribute to the daylight significantly.

4.2.4 Lux-Grid I for Use with Negligible External
Obstructions

Fig. 4 shows the lux-grid to beused for determining the
illumination when obstructions outside the windows are
at a distancemore than three times the height of
obstructions from the window.
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w Fig. 5Lux-Grid II for Daylightingofa Side-litWindowsin
presenceof ExternalObstruction

p
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4.2.4.1 Dots and crosses

In Fig. 4 one dot has a valueof 0.5 lux and one cross has
a valueof2.0lux.

4.Z.4.2 The correction factor for interior finishillumination
level calculatedusing lux-grid I, shall be correctedfor
interior finishes of the room withdifferent reflectances
using figures in Table 2A and Table 2B.

4.2.4.3Limitationsofthe method

a) It isassumedthat thegroundoutsidethewindow
has areflectionfactor of 0.25 that is, grass with
somebrick or concretepaving;

b) Theceiling is 2.75 m above the floor level; and

c) It is assumedthat thewindow has a 60 em box
type louvre around it or a 60 em horizontal louvre.
It is supposedto be glazed.

Whena verandahor overhangobstructsthe window, the
portion of the window obscuredfrom the point of
observationas seenprojectedon the window plane
shouldbe treatedas notcontributingto the daylighting
of the point in question.
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4.2.4.4, Illustratiye example

A workedexamplehasbeengiven inAnnexA to explain
the useof the method.

NOTE - The example given in Annex A deals with the
determinationof the total illumination due to two
windows with external obstructions,where in both,
Lux-grid I and II have been i n v ~ l v e d .

For irregularobstructionslike a rowoftreesparallelto the
plane of the.window, equivalentstraight boundaries,
horizontaland vertical may be drawn, and themethods
indicatedin AnnexA.

For baywindows, dormerwindows or comerwindows,
the effectivedimensionsof window openingscomputed
shouldbe takenwhenusing the figures to find the total
illuminance.

4.2.5 Lux-Grid II for Use in PresenceofExternal
Obstructions

Fig. 5 shows thelux-grid to be used fordeterminingthe
illumination when obstruction(having reflection factor
lying between0.4 and 0.6)outsidethe windows are at a
distancethree times or less their ownheight from the
window.

Table2A CorrectionFactorPerSquare(axa) Lux
(Clauses4.2.4.2and 4.2.5.2)

Distance Size of Floor areawithin Floor areawithin Floor areawithin
of point one square
from the in the (10-25 mm? ) (25-50 mm? ) (50-100 mm! )

window grid ~ ~ ~

D(em) A (em) Al B2 C3 Al B2 C3 Al B2 C3

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

900 90 +26.6 +18.0 +9.5 +9:5 +5.2 +1.0 +1.0 . -1.2 -3.3

840 84 +22.2 +14.7 +7.3 +7.3 +3.6 0 0 -2.0 -3.9

780 78 +18.0 +11.7 +5.2 +5.2 +2.0 -1.2 -1.2 -2.8 -4.4

720 72 +14.3 +8.8 +3.3 +3.3 0 -2.1 -2.1 -3.5 -4.9

660 66 +10.8 +6.2 +1.6 +1.6 -0.7 -3.0 3.0 -4.2 -5.3

600 60 +7.6. +3.8 0 0 -1.9 -3.8 -3.8 -4.8 -5.7

540 54 +4.7 +1.6 -1.4 . 1.4 -3.0 -4.5- -4.5 -5.3 -6.1

480 48 +2.1 0 -2.7 -2.7 -4.0. -5.2 -5.2 -5.8 -6.4

420 42 0 -2.0 -3.9 -3.9 -4.8 -5.7 -5.7 -6.2 -6.7

360 36 -2.1 -3.5 -4.9 -4.9 -5.5 -6.2 -6.2 -6.6 -6.9

300 30 -3,8 -4.8 -5.7 -5.7 -6.2 -6.7 -6.7 -6.9 -7.1

240 24 -5.2 -5.8 -6.4 -6.4 -6.7 -7.0 -7.0 -7.1 -7.3

180 18 -6.2 -6.6 -6.9 -6.9 -7.1 -7.3 -7.3 -7.3 -7.4

120 12 -7.0 -7.1 -7.3 -7.3 -7.4 -7.4 -7.4 -7.5 ~7.5

NOTES
1. Finish A - ceiling walls (reflection factor 0.7 to 0.8), walls off-white (reflection factor 0.45 to 0.55) and floor gray

(reflection factor 0.3)
2. Finish B - ceiling off -white, walls off-white and floor grey.
3. Finish C - ceiling off-white, walls dark (reflectancefactor 0.25 to 0.3) and floor grey.
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Table 2BCorrectionFactorperSquare(axa)Lux
tClauses4.2.4.2and 4.2.5.2)

Distance Size of Floor areawithin Floor areawithin Floor areawithin
of point one square
from the in the (10-25 mm? ) (25-50 mm! ) (50-100 mm! )
window grid ~ ~ ~

D(em) A (em) Al B2 C 3 Al B2 C3 Al B2 C3

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

900 90 +10.6 + 7.2 + 3.8 + 3.8 + 2.1 + 0.4 + 0.4 - 0.5 - 1.3

840 84 +8.9 + 5.9 + 2.9 + 2.9 +1.4 0 0 - 0.8 - 1.6

780 78 +7.2 +4.7 + 2.1 + 2.1 + 0.8 - 0.5 - 0.5 - 1.1 - 1.8

720 72 +5.7 + 3.5 . + 1.3 + 1.3 0 - 0.9 - 0.9 - 1.4 - 1.9

660 66 + 4.3 + 2.5 + 0.6 + 0.6 - 0.3 - 1.2 - 1.2 - 1.7 - 2.1

600 60 +3.0 + 1.5 0 0 - 0.8 - 1.5 - 1.5 - 1.9 - 2.3

540 54 +1.9 + 0.7. - 0.6 - 0.6 - 1.2 - 1.8 - 1.8 - 2.1 - 2.4

480 48 +0.9 0 - 1.1 - 1.1 - 1.6 - 2.1 - 2.1 - 2.3 - 2.6

420 42 0 - 0.8 - 1.6 - 1.6 - 1.9 - 2.3 - 2.3 - 2.5 - 2.7

360 36 -0.9 - 1.4 - 1.9 - 1.9 - 2.2 - 2.5 - 2.5 - 2.6 - 2.8

300 30 -1.5 - 1.9 -2.3 -2.3 - 2.5 - 2.7 - 2.7 - 2.8 - 2.9

240 24 -2.1 - 2.3 -2.5 -2.5 - 2.7 - 2.8 - 2.8 - 2.9 - 2.9

180 18 -2.5 - 2.6 - 2.8 - 2.8 - 2.8 - 2.9 - 2.9 - 2.9 - 3.0

120 12 - 2.8 - 2.9 - 2.9 - 2.9 - 2.9 - 3.0 - 3.0 - 3.0 - 3.0

NOTES
1. Finish A - ceiling walls (reflection factor ,0.7 to 0.8), wallsoff -white (reflection factor 0.45 to 0.55) and floor gray

(reflection factor 0.3)
2. Finish B - ceiling off -white, walls off-white and floor grey.
3. Finish C- ceiling off-white, walls dark '(reflection factor 0.25 to 0.3) and floor grey.

4.2.5.1 Circle, dots and crosses

In Fig. 5 (lux-grid II) in addition to.dotsand crosses inside
each grid, a circle enclosing a few dots and crosses is
present. The dots and crosses within the circle correspond
to the daylightcontributedby obstruction, whilethose
outside the circlerepresentthe contributiondue to the
unobstructedwindow including all externalreflections.'
One dot has a valueof0.5 lux, one cross outside the circle
has a valueof2.0 lux and one cross inside the,circle has a
valueof1.0 lux.

4.2.5.2 Correctionfactor for interior finish

Illumination levels calculated using lux-grid II, shall be
corrected for interior finishesofthe room (andofdifferent
reflectance) using figures in Table 2A and Table 2B.

4.2.5.3 To estimate the available daylight at a point, the
outline of the window and the obstruction are projected
on the lux-grid using proper scales corresponding to the
distancesof window and obstruction from thepoint in
question.

4.2.5.4 Depending on the height H and distance Dof the
obstruction from the point and window wall respectively,
four cases arise:

a) D > 3H: This case can.be dealt asunobstructed
as far as daylighting is concerned and lux-grid I
shall be used;
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b) 1.5H<D<3H:

First Step: Thecontributiondue to unobstructed
portion of the window using lux-grid 1 and
lux-grid II shall be found out and the mean value
taken.

SecondStep: The contribution due to the
obstructedportion by counting the dots and
crosses enclosed circle (in the obstructed part)
should be found out usinglux-grid II and the
value so obtained bemultipliedby a factor 1.8.

Third Step: The values obtained in the above
two steps should be added;

c) 0.5H<D< 1.5H:

The contribution of the unobstructedand
obstructedportions of the window should be
found out using lux-gridn separately and the
values be added; and

d) D<0.5H:

First Step: The daylight due to the unobstructed
part should be found out using lux-grid II.

Second Step: The daylight due to the obstructed
part should be found out using lux-grid II and
the value so obtainedbe reduced by 50 percent.

Third Step: The values obtained in the above
two steps should be added.

NATIONAL LIGHTING CODE



5 DAYUGIITING REQUIREMENTS

5.1 DesignExternalIllumination

The daylight factor to be maintainedin any internal
environment shall be specified in relation to the external
illumination.

5.2 Illumination Levels Necessaryfor Different
Visual Tasks

Illumination levels necessaryfor different visual tasks
shall be[see IS 3646(Part 1)]. If the required amountof
illumination is not achieved by daylighting only, it may
have to be supplemented by artificial lighting.

5.3 RecommendedDaylightFactorto beMaintained
in DifferentInteriors

5.3.1 If design for daylighting basedonly on sky
component values are recommended, as sky components
are easily determinable, this will tend to make the day
lighting more easy. However, where more precise values
are desired, account may be takenofERCand IRC values.

5.3.2 Based on an assumed external design illumination
level of 8 000 lux and the acceptable levelsof minimum
illumination necessaryfor different visual tasks the
daylight factors recommended for different locations are
given in Table 3.

Table 3RecommendedDaylightFactorsfor Interiors
(Clause 5.3.2)

NOTE - 100 lux is equal to a skycomponentof
value 1.25percentbased on 8 000 lux.

Pathologicallaboratory2.5to 3.75

Libraries

Location

Dwellings

Kitchen

Living room

Study

Circulation

Schools

Class room

Lecture room

Study hall

Laboratory

Offices

General

Enquiry

Hospitals

General ward

Stock room

Readingroom

Counterarea

Catalogueroom

Daylight Factor (%)

2.5

0.625

1.9

0.313

1.9

2.0 to 2.5

2.0 to 2.5

1.9 to 3.8

1.9

0.625 to 1.9

1.25

0.9 to 1.9

1.9. to 3.75

2.5 to 3.75

1.9 to 2.5
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5.3.2.1 Daylight factor values for other external intensities
may be obtained by evaluation.

Example:

For external designillumination levelsof lO 000 lux the
illuminationof 100luxwill be 100x 100/10 000= 1percent
daylight factor.

5.3.3 The recommendeddaylight levels should be
ensured generally on the working plane at the following
positions:

a) At a distanceof 3 to 3.75 m from the window
along the central line perpendicularto the
window;

b) At the centreof the roomif more appropriate;
and

c) At fixed locations, such as school desks,
blackboards, and office tables.

5.3.3.1 In selectinganyoneposition for design purposes,
due considerationshould be given to the needsof the
situation.

5.3.4 The daylight areaof the prescribed daylight factor
should not normally be less thanhalf the total areaof the
room.

5.3.5 Supplementary artificial illumination may have to
be provided: .

a) against the possibilityofthe levelof illumination
falling below the specified values at such times
when theoutsideillumination falls below the
design value; and

b) where the fineness of the visual task may demand
a higher levelofillumination at special locations,
occasionally.

5.3.6 The figures in general give a numberof window
sizes contributing to the recommendedillumination.
Economic and architectural considerations should decide
the final choice.

5.3.7 The daylight factor valuescorrespondingto the
particular location shall be increasedby appropriate factors
if .the window is to be glazedandlor is externally
obstructed and/or is to be provided with window bars.

6 GENERAL PRINCIPLESOF WINDOW DESIGN
TO AFFORD GOOD DAYLIGHTING

6.1 Generally,while taller windows give greater
penetration, broader windows give better distributionof
light. It is preferable that some area of the sky at an altitude
of 20 degrees should light up the working plane.

6.2 However, broader windows may also be equally or
more efficient provided their sills are raised by 30 em to 60
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emabovetheworkingplane. Suchraisedsills will not cut
theoutsideview appreciablyand in most situations afford,
valuablewall spacewithin easyreach,especiallyin
schoolsand hospitalswhere it may beutilized to carry
electricwiring, gas andwaterconnections.

6.3 For a given penetration, a numberofsmall windows
properlypositionedalong the same,adjacentor opposite
walls will give betterdistributionof illumination than a
single large window. The skycomponentat any point,
due to anumberof windows, can beeasilydetermined
from the correspondingsky componentcontour charts
appropriatelysuperimposed.The sumof the individual
sky componentfor eachwindow at the point gives the
overallcomponentdueto all the windows. The same charts
may also facilitate easydrawing of sky component
contoursdue tomultiple windows.

6.4 Unilateral lighting from side windows will in general
be unsatisfactoryif the effective depth of the room is
more than two to two and ahalf timesthe distancefrom
the floor to the topof the window.

6.S Windows on twooppositesides will givegreater
uniformityof internaldaylighting illuminationespecially
when the room is7 m or more across.Theyalsominimize
glare by illuminating the wall surroundingeachof the
opposingwindows. Side windows on one side and
windowson theoppositeside may beprovidedwhere the
situationso requires.

6.6 Cross lighting with windows on adjacentwalls.
tendsto increasethe diffused lighting within a room.

6.7 Windowsshall beprovidedwith suitablelouvres,
baffles or other shadingdevices,to exclude,as far as
possible,directsunlightenteringthe room.Thesedevicps
reducethe effectiveheightofthe windowsfor which due
allowanceshall be made.Broadand lowwindowsare, in
generalmuch easier to shadeagainstsunlight entry.Direct
sunlightwhen it entersincreasesthe insideillumination
considerably.Glare will result if it falls on walls at low
angles, more so when it falls on floors,especiallywhen
the floors are dark colouredor less reflective, which
increasesthe difference in brightnessbetweenfloor,
window openingand immediatesurroundings.

6.8 Light control media, such as translucentglass
panes (opal or matt) finished bygrinding,etchingor sand
blasting,configuratedor corrugatedglass,certaintypes
of prismaticglass and glassblocksare often used. They
shouldbe providedeither fixed or movable,outsideor
inside, especiallyin the upperportionsof the window.
The lower portions are usually left clear to afford a
desirableview. The chiefpurposeof such fixtures is to
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reflect part of the light on to theceiling and thereby
increasethe diffuse lighting within as well as to light up
the farther areas in the room andtherebyproducea more
uniform illumination throughout.Theywill also prevent
the window causingseriousglare discomfort to the
occupants,butwill providesome glare whenilluminated
by direct sunlight.

6.9 Thedesignshould be such that inadditionto direct
illumination, provisionshould be made for diffuse lighting
by internal reflectionsand interreflections.The design
shouldalsoensurethat theluminanceratio of the task to
its immediatesurroundingand distantareas in the room
shouldbe 10:3:1 and notexceeded.

6.10 To ensurea good level of diffused lighting, all
internalsurfacesshould be lightcolouredand have good
reflectance.

6.11 The illumination level in a given room for a finite
window, will be higherwhen the walls are lightcoloured
than when theseare dark coloured. It is necessary,
thereforeat an early stage toconsiderthe colour of the .
rooms of the building and not to leave this until later.
Lighting is not merely amatterofwindow openingsand
quite halftheeventuallevel oflighting may bedependent
on the decorationsin the room. Whatevermay be the
colour the occupantswantto use, it is mostdesirableto
maintain proper valuesofreflectance factors for the ceiling,
wall and floors so that the levelofdaylightillumination is
maintained.

7 GENERAL NOTES ON DAYLIGHTING OF
BUILDINGS

7.1 Aim ofDaylighting

The main aimof daylighting designfor buildings is to
provide a visual field insidebuildings for the efficient
performanceofdifferentvisual tasksby theoccupantsof
thebuildings,withoutresultingin uncomfortableglare or
thermaldiscomfortfor the occupants.

Becauseof the highly variable nature of daylight from
hour to hour and fromseasonto season, no simple formula
for daylightingcan be given which is valid for the entire
day and for the entire year. .

7.2 Sunlight

Direct sunlight admitted into abuildingcould lead to glare
andthermaldiscomfortparticularlyin summer. However
in latitudesabove 23°N in India,admitting sunlight in
winter may meanthermalcomfortand daylighting design
may have to take intoaccount.the shadingdevices for
admittingsunlightand avoidingglare dependingon the
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local climate and the natureofthe activity in the interior
space.

7.3 VisualTaskandTimeFactor

When designing for aninteriorwhere specific visual tasks
have to beperformed,the time anddurationof the task
have to be taken intoaccountwhile designing for daylight
and asuitableprovision made for supplementingwith
electriclighting as may berequired.

7.4 Window

For daylightingofbuilding interiors two typesofwindows
may be used, those situated in a side wall and those placed
in the roof. In the caseofa side wall window, larger height
andsmallerwidth would result in more light in the distant
interior of the room than in the caseof larger width and
smallerheight. However, the view and thecontrastwith
the outside would bebetterin the caseoflargerwidth and
similarheightofthe window. Abalancehas to be reached
dependingon the natureof the visual tasks in thedistant
interior oftheroom and theexpectationsoftheoccupants.

Thoughrooflightsare moreefficientin admitting daylight
into buildings, they are useful only in single storey
buildings or in the top floorofmultistorey buildings. Water
condensation,dripping and rain waterpenetrationmay
be a sourceof troublewith roof lights.

7.5 ShadingDevices

Some shading devices like projections from the walls above
windows are part toarchitecturaldesign. They have to be
plannedin relation to the climate, the sun path diagram at
the place and thepossibleorientationof the windows.

Manually operatedshadingdevicesare those which can
be rolled up and down as desired. Venetian blinds are also
manuallyoperatedand can be rolledup and down as well
asopeningscontrolled.

Automatic shades which work on motors can be controlled
through sensors andautomaticallyoperateddepending
upon the entryof direct sunlight.

7.6 DaylightLuminousEfficacy

Luminous efficacy is lumens per wattof input power. In
the caseofdaylight, it is lumens per wattofradiant power.
This differs for thedifferentcomponentsofdaylight. The
averageof sunlight is about 95lrn/W, and, for diffuse
skylight it is about120 lm/W. The thermalbalanceofany
interior dependsupon thisparameterin so far as this is an
indicationofthelevelofirradianceassociated with a given
level of illuminance. While outdoor luminous efficacy
values aredifferent for differentcomponentsof daylight
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like, sunlight, diffuse skylight and global illuminance,the
luminous efficacy valuesof interior daylight, in cases
where theexternallyreflectedcomponentfrom buildings
and trees is strong, would be lower than the outdoor
values.Properevaluationof this aspecthas to be made
before determiningthe irradiancelevels associatedwith
differentilluminance levels insidebuildings.

7.7 DirectionalPropertyofDaylight

Daylight which enters a building from a side wall window,
is incidenton ahorizontalworking plane at an angle other
than the vertical, though the lightinternallyreflected from
the walls and ceiling comesfrom all directions.This
condition could produceglare for tasks viewed at low
angles in thedirection of window. This has to betaken
into accountwhen fixing work positionsand task desks
in relationto thewindowposition.

7.8 WindowGlazing

Common window glazing materials suitable for admission
of daylight are glass,plastics,and fiberglass.Plastic
materials degrade under UVradiationwhich accompanies
daylight and changetheir transmissioncharacteristics,
while glass is notsubjectto' such degradation.Tinted
glass and glass with sun film are used fortheir antiglare
and heat filtering properties.Glass with different
transmissionpropertiesis also usedtaking into account
the climatic factors andorientationof the window.

7.9 Noise

Windows can be thecauseof excessivenoise inside
buildings. Noise control is an important requirement which
should go with window design for the daylighting of
buildings. Factors like site selection,orientationof
windows with respectto noise sources likecontinuous
and heavy traffic, winddirection etc., need to be taken
into account.

Another problemof windows is that the windowpanes
go into resonanceat low audio frequencies.A solution
for thisproblemispossibleif one can foresee the direction
of low frequencynoise and avoid windows in that
direction.

8 AVAILABILITY OF DAYLIGHT IN
MULTISTOREYED BUILDINGS

8.1 Properplanningand layout of buildi.ngs'canadd'
appreciablyto daylighting illumination inside. Certain
dispositionsof building masses offer much less mutual
obstructionto daylightthan others and have a .significant
relevance,especiallywhen intensive-site planning is
undertaken.The relative availability of daylight in
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multi storeyedblocks of different relative orientationsis
givenin Table 4.

8.2 Wherea numberof similar building blocksare to
be raisedfairly close toeachother, it would be more
advantageousto have alternativeblocks perpendicular

to eachother than to have all in a parallel formation.
Building heightsand spacingare interdependentand can
in generalbe adjustedto provide optimum daylighting
advantage,for any densityofbuilding development,that
is, for any ratiooffloor area to theoverallsite area.

Table4 RelativeAvailability of Daylighton theWindowPlaneat GroundLevelin Four-StoreyedBuildingBlocks
(ClearDesign-SkyasBasis,DaylightAvailability TakenasUnity on anUnobstructedFacade,

Valuesarefor theCentreof theBlocks)
(Clause8.1)

Distanceof Separation
Between Blocks

0.5

1.0

1.5

2.0
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Infinitely Long Parallel
Blocks

0.15

0.30

0.40

0.50

Parallel Blocks Facing
Each Other

(Length =2 x Height)

0.15

0.32

0.50

0.60

Parallel Blocks Facing
Gaps BetweenOppositeBlocks

(Length= 2 x Height)

0.25

0.38

0.55

0.68
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ANNEXA
(Clauses3.3.1,3.4,4.2and 4.2.4.4)

ILLUSTRATIVE EXAMPLE OF DESIGN OFWINDOWS WITH EXTERNAL OBSTRUCTION

. Total correction for 4 squares= 4x (-1.9)
=-7.6lux.

IlluminationatP, from Fig. 7A:

Crosses16 = 32.0 lux

Correction factor per square, using
Table 3 =-0.8 lux.

Hencetotalcorrection4 x (0.8)=-3.2lux.

Net.illuminationasgivenby lux-gridII =30.0-3.2
=26.8lux.

Netillumination = 40.4 lux

ii) Usegrid II (seeFig. 7B).

Thenumberofgrid squaresfor the unobstructed
partof the windowsis again4 but theseinclude
now 28 crossesand 4 dots giving a total
illuminationatPI= 28xl.0+4xO.5= 30.0 lux.

A.l EXAMPLE

A . l ~ 1 Consider(Fig. 6) apointP, at 6 mawaythewindow
wall. Assumethat the room in which the point is located
has finish B, andfloor areais approximately43 m-. The
roomhas twowindowseachofsize 2.4 x 1.5 m? at aheight
of 30 emabovethe working planesymmetricallylocated
with respectto point P ,. The windows face aninfinitely
long paralleldistance(reflectance0:5) locatedat adistance
of 18 m (D) from the windows andof height (H) 6.0 m
abovethe working plane.

This correspondsto case (b)of4.2.5.4 where 1.5H< D < 3H

First Step:

The projectionof the obstructionon the lux-grid I and II
areshownin Fig. 7A and7B. Thecontributiondue to the
unobstructedportion of the windows using lux-grid I
(Fig. 7A) andlux-gridII (Fig. 7B) aredeterminedas follows:

i) Usegrid I (seeFig. 7A).

Thenumberofgrid squaresfor the unobstructed
partof the window= 4.

Correctionfactor for interior finish B (Table2)
=-1.9lux.

INFINITELY LONG

Dots32

Total

Correction

= 16.01ux

= 48.0 lux

= 7.61ux

1
T

702m

OBSTRUCTION

////I////I////II////I/

~ ~
~ -r
~ 2.8m
/

=r~p, a.om

g 2.8m

~
~

~ 18.0m j;·//////////II/////II/I

.v

OBSTRUCTION

8.0m

a.9m
P1

6APIan 6BSection
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UNOBSTRUC1ED PORTION
OFWINDOW

.> ~
x· ·x x· ·x x· ·x x· ·x X· ·X x· ·x x· ·x X· ·x• • • • • • • • • • • • • • • •

~
D

N
PROJECTE
OBSTRucno

P
Fig. 7A TypicalProjectionof Obstruction on theLux-Grid I

UNOBSTRUCTED PORTION
OFWINDOW

PROJECTED
OBSTRUCTION 1---.........---1.........-_-+.........-_-+-.........-_~

P
Fig. 7B TypicalProjectionofObstructionon.theLux-Grid II

Total illumination at PI 'fromFig. 7B

Crosses 48 = 48.0lux

Correction· = -12.8Iux

Net illumination =56.0-12.8=43.2 lux

which is the net illumination due to obstructed
portionof theWIndows.

The mean valuesobtainedfrom grid I and II .
1/2(40.4+26.8)= 33.6 lux, which is the net
illumination from the unobstructed partof the
windows.

Second Step:

The number of squaresenclosedby the
obstructed part of the windows (Fig. 7B) = 16

Correction factor from Table3 = - 0.81ux

Net correction = 16·(-0.8)=-12.8lux

Dots 16

Total

= 8.01ux

= 56.01ux
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Illumination Engineering and Luminaires Sectional Committee, ET 24

FOREWORD

Emergency lighting denotes thequantityof lighting to ensureadequatevisibility in a timeofemergency.Basicallyit is
differentfrom the lighting which isprovidedin any building when the normalpowersupplyis not availableand the
minimum functions areperformedwith the helpofpower madeavailablefrom astandbydieselgeneratoror standby
power systemprovidedfor the building. Inter-alia it means that in the caseofpowerfailure (both thenormalpower
supply and thestandbypower supply) the illuminationrequiredto light up theescaperoutes will fall under the scope
ofemergencylighting. Evidently, such anemergencylighting shall beavailablefor a minimumcontinuousperiod to
tide over the panicsituationandenabletheevacuationofthebuildingto take place. So theemergencyescapelighting
in all placesofwork andpremisesopen to the public falls under thescopeofemergencylighting.

In order to understandthe details about the categoriesof emergencylighting, escapelighting and escaperoute
illumination, it isnecessaryto first definevariousterms which relate toemergencylighting.

The following IndianStandardis a necessaryadjunct to this partof the code.

IS No.

9457:2005

PARr 12EMERGENCY UGHTING

Title

Safety colours and safety signs-Codeof practice
(First Revision)
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PART 12EMERGENCYLIGHTING

1 SCOPE

The aimof this partof the code is to lay down the basic
principlesofemergencylighting asapplicableto building
interiorsand, thereby, to furnishguidanceon the various
aspectsthat should beconsideredwhen seeking to design
aneffectiveandreliableinstallation.

This part deals solely with the principlesof lighting; no
attempt has been made to review suitable lightinghardware.

2 TERMINOLOGY

For thepurposeof this part of the code, the following
definitionsin addition to those given in Part1ofthiscode
shall apply.

2.1 Exit - A way outof the building that is intended
to be used at any time whilst thebuilding is occupied.

2.2 EmergencyExit - A way outofthebuildingthat
is intended to be used only during an emergency.

2.3 EscapeRoute- A route from a point inside the
buildingto an exit oremergencyexit.

2.4 Normal Lighting - All permanentlyinstalled
artificial lighting normally used when thebuilding is
occupied. .

2.5 EmergencyLighting- Lighting providedfor use
when thesupplyto the normal lighting fails.

2.5.1 EscapeLighting- That partofemergency lighting
that is providedto ensure that anescaperoute can be
effectively identifiedand used.

2.5.2 Safety Lighting- Thatpartofemergencylighting
that isprovidedto ensure thesafetyof peopleinvolved
'in a potentiallyhazardousprocess.

2.5.3 StandbyLighting - That part of emergency
lighting that is sometimesprovided to enablenormal
activitiesto continue. '

2.5.4 Maintained Emergency Lighting- Emergency
lighting that is on at the same times as the normal lighting
and that remains on when the supply to the normal lighting
fails.

2.5.5 Non-MaintainedEmergencyLighting-Emergency
lightingthat comeson whenthe supplyto the normal lighting
fails.

3 CATEGORIF.SOF EMERGENCYliGHTING

3.1 There are various reasonswhy special lighting
facilities (define~ here asemergencylighting) may have

292

to beinstalledin certainbuildingsin theeventofa failure
ofthe supplyto the normal lighting. Threecategoriesof
emergencylighting can be identified,accordingto the
purposefor which each is designed. .

3.1.1 Escape Lighting

Escape lighting is'necessary in most typesofbuildingsin
order to enable theoccupantsto leave the interior safely
in the eventof an emergency. ,

3.1.2 Safety Lighting

Safety lighting isnecessaryin thosesituationswhere the
failureofthe normal lighting could place people in danger.
The dangermay relate to the operator, as in the useof a
circularsaw or thehandlingofhot metal, or to others, as
in anoperatingtheatre. .

Note that inorderto preventpanic andenablehelp to be
summoned, safety lighting should always beprovidedin
lifts (elevators).

Generallyspeaking.:an escapelighting installation is
necessaryin additionto the safety lighting.

3.1.3 Standby Lighting

Standbylighting is provided in buildings where it is
decidedthat, for reasonsother than safety, work or
activities should becontinuedin the eventof failure of
the normal lighting. (Examplesare shopsand certain
industrial activities).

Note that escape and safety lighting areenforcedby law
in somecountries.Standbylighting, on the other hand, is
not generallycoveredby official regulations.

4 ESCAPEliGHTING

When the normal lightingof an occupiedbuilding fails,
the escapelighting is requiredto fulfill the following
functions:

a) to indicate clearly and unambiguously the escape
routes;

b) to provide sufficient illuminationalong the escape
routesto enableany obstructionsto be seen
and sofacilitate safe movementtowardsand
throughthe exits andemergencyexits provided;
and

c) to ensurethat all fire alarm call points and
firefighting equipment provided along the escape
routes can be readilylocated.,
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It is recommendedthat the lowest luminancepresentin
the pictographshould be at least 15 cd/rn?and that the
highestshouldnot begreaterthan 300cd/m',the minimum
and maximumluminanceson any signshould be in the
ratio 1:10.

In order to give the signsmaximum visual impact they
should be placedperpendicularto the line of sight of .
personsusing the escaperoute.

4.3 EscapeRouteIllumination

Thehorizontalilluminance(E) at floor level on thecentre
line of anyescaperoutemustat no point be less than 0.2
lux in order to enableoccupantsto avoid bumpinginto
obstructions.However,the higher theilluminancethemore
likely it is that the occupantswill move swiftly and
confidentlyalongthe escaperouteso that in manycases
a minimum of 1 lux may beregardedaspreferable. For

safemovementa uniformity ration Emax/Emin= 40: 1along
the centreline shouldnot be exceeded.

The escaperoute illumination shouldcomeon within 15
secondsafter failure of the normal supply. Local
regulationsmay requirea shorterdelaytime.

Escapelighting luminairesshouldbe sited:

a) neareachexit door;

b) neareachemergencyexit door;

c) at all pointswhereit is necessaryto emphasize
the positionofa potential hazard,for example:

i) neareachinteractionof corridors;

ii) near eachchangeof direction (other than
on a staircase);

iii) near eachstaircaseso that each flight of
stairsreceivesdirect light;

iv) nearany otherchangeof floor level; and

v) outsideeachexit and emergencyexit and
closeto it, leadingto anagreedsafearea.

Additional luminaires,as required,shouldbe sitedso as
to ensurethat the lighting throughoutthe escaperoutes
complies with the recommendationsfor minimum
illuminanceandilluminanceuniformity given above.Good
illuminanceuniformity is moreeasilyachievedby usinga

greaternumberofluminaireswith lower light outputthan
by employinga lessernumberofmoreWidely spacedunits
with higher light output.

In manycasesthe luminairesalso bearthe signsusedfor
escaperoute indication. The restrictionsregardingthe
admissiblerangeof luminances(see4.2) thenonly refer
to the illuminated face of the sign; theundersidemay be
brighter.
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4.4 Visibility ofHazards

By itself, illuminanceis not a sufficientcriterionofvisibility,
sinceit refersonly to the light falling on asurfaceand not
to the amountreflectedback to the eye; awhite object
can be seenwith much less light than adark one. It is
recommendedthat all permanentpotential obstructions
or hazardson an escaperoute be light in colour with
contrastingsurround.Suchhazardsinclude the nosings
of stair treads,barriersand otherchangesin floor level,
andwalls at right anglesto the directionofmovement.In
restricted areas,such as corridors, light coloured
decorationthroughout is an advantage,and under
emergencyconditionseasily seenvertical surfacescan
assistconsiderably.

4.5 Illuminationof FireAlarm Call Points-andFire
FightingEquipment

Fire alarmcall pointsand firefighting equipmentprovided
along escaperoutes should be illuminated, either by
emergencylighting or by normalartificial or daylighting
at all timeswhile the building is occupied.

5 SAFETY liGHTING

The Illuminance on the working areagiven by safety
lighting shouldnot be lessthan5 percentofthatgivenon
the sameareaby the normal lighting, althoughfor tasks
ofparticulardangerthis shouldbe increasedto 10percent.

In operatingtheatresandotherhospitalinteriorsinvolving
critical medical tasks,the safety lighting systemshould
normallybe designedto providethe sameilluminanceas
the regularsystem.In practice,the sameluminairesare
often used,poweredby an alternativesupply.

Safetylighting shouldbe suppliedwithin 0.5 secondsof
the failure of the normalsupply.

6 STANDBY liGHTING

Standbylighting is, by definition that lighting provided
to enablenormalactivitiesto continue,shouldthe supply
to thenormal lighting fail. Thequantityandqualityofthe
standbylighting must, therefore,satisfy the minimum
requirementsof the variousactivitiesconcerned.

Standbylighting is often providedby someor all of the
normalluminaires.It is recommendedthatthe illuminance
should not be less than 10 per cent of that normally
recommendedfor the activity concerned,or suchhigher
value as may beneededto satisfyspecialrequirements.
Theinterruptiontime in switchingfrom normalto standby
lighting is amatterofeconomicconsideration.In general,
it should not exceed15 seconds,although shorter
interruption times may be desirable,for instance,1.5
secondsin commercialapplicationsto preventshoplifting.
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7 POWERSUPPLY SYSTEMSFOR EMERGENCY
LIGHTING

Emergencylighting is providedfor use when thesupply
to the normal lighting fails and must,therefore,be powered
by asourceindependentfrom thatof the normallighting.

7.1 Choice ofOperatingMode

For most types of building either a maintainedor a
non-maintainedsystem willnormallyproveto beequally
satisfactory.However, a maintainedsystem should
invariably be employedin buildings where thenormal
lighting can bedimmed or reducedbelow the levels
requiredfor escaperoute identificationand illumination
whilst the building is occupied,for example,mostplaces
ofpublic entertainment.

7.2 Periodof Operation

The powersupplysystem foremergencylighting should

PART 12EMERGENCYLIGHTING
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be designedto supply the requiredload for thedesired
periodof operation.The periodof operationconsidered
desirablewill dependon anumberof factors, such as the
categoryof the emergencylighting being powered,the
scale andstructureof the building and the natureof the
activitiesbeingcarriedout in it. No recommendationsare
made on this point, but it might be useful to note that, for
many applications,it is consideredthat aperiod within
the range 1 hour to 3hoursshould besatisfactory.This
item will, in many cases, becoveredby legislation.

8 MAINTENANCE

A regular scheduleof testing and maintenanceof all

componentsshouldbe established.This should include
a check on theprovisionoftherequired illuminance during

the stipulatedperiod. Further details are available in
Part 13ofthis code.
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FOREWORD

During the lifeofa lighting installation,the lightavailablefor the taskprogressivelydecreasesdue toaccumulationof
dirt on surfaceand ageingof equipment.The rateof reduction is influencedby the equipmentchoice and the
environmentaland operatingconditions.In lighting scheme design it isimportantto take accountof the decreaseby
the useof a maintenancefactor and plansuitablemaintenanceschedulesto limit the decay. The lightingscheme
should bedesignedwith anoverallmaintenancefactor calculatedfor theselectedlighting equipment,theenvironment
and aspecifiedmaintenanceschedule.A high maintenancefactor with aneffectivemaintenanceprogrammepromotes
energyefficient designof lighting schemesand limits the installed lightingpowerrequirements.

This partdescribesthe parametersinfluencingthe depreciationprocessanddevelopsthe procedurefor estimatingthe
maintenancefactor for indoor electric lighting systems.It provides information on theselectionofequipment,estimation
ofeconomicmaintenancecycles and givesadviceon servicingtechniques.Someexamplesofdata are given here, but
for accuracyit recommendsthat datashouldbe obtainedfrom the manufacturers.

Light has aneffecton thephysiologyandpsychologyof the human being, and itenableshim to perceivewhat isgoing
on aroundhim. Thereexists a closerelationshipbetweenthe way the visual scene ispresentedto us and theability of
the eye to fulfill its task properly.

This partof the code is based oneIE PublicationCIE 97 (2005)Guide on themaintenanceof indoorelectriclighting
systems and CIEPublicationeIE 154(2003)Guide on themaintenanceofoutdoorelectriclighting systems.

The following Indian Standardis anecessaryadjunctto this partof the code.

IS No.

12063:1987
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PART 13LIGHTING MAINTENANCE

1 SCOPE

This partcoversthe guidelinesaboutthe maintenanceof
indoor and "outdoorlighting installations.

2 TERMINOLOGY

The following definitions in addition to thosegiven in
"Part 1of this codeshall apply.

2.1 CleaningAgent- Materialused to aid the removal
ofdirt.

2.2 GroupReplacement(lamps)-"replacementofa
largenumberoflampsat onechosentime in an installation.

2.3 Initial lliuminance- Theaverageilluminanceon
the referencesurfacebasedon initial lamp lumenswhen
the installationis new and the roomsurfacesare clean.

2.4 Initial Luminous flux - The luminous flux
(lumens)measuredafter an initial aging period inreference
conditions.

2.5 IP Code- IngressProtectionCodeofenclosures
againstthe entryof dustandmoisture.

2.6 MaintainedLuminancelIlluminance~ The
averageluminance/illuminanceon the referencesurface
belowwhich an installationis not allowedto fall. It is the
luminance/illuminanceat which maintenancemust be
carriedout.

2.7 MaintenanceCycle - Repetitionof relamping
and/orcleaningintervals.

2.8 RatedAverageLampLife - The period over which
the lamp survival factor falls to 50% in reference conditions.

2.9 Spot Replacement(lamps)- Replacementof
individual lamps astheyfail.

2.10 Abbreviations

2.10.1 Lamp LumenMaintenanceFactor (LLMF) -
Ratioofluminousflux ofa lamp at agiventime in the life
to the initial luminousflux. The initial luminousflux of
lamps isusuallydeclaredat 100 hours fordischargelamps.

2.10.2 Lamp SurvivalFactor (LSF) - Fractionof the
totalnumberoflampswhichcontinueto operateat a given
time underdefinedconditionsand switchingfrequency."

2.10.3 LuminaireMaintenanceFactor (LMF) - Ratio
of efficiencyof a luminaireat agiventimeto the initial
efficiencyvalue. "
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2.10.4MaintenanceFactor (MF) - Ratioofmaintained
luminance/illuminanceto initial luminance/illuminance.

2.10.5 SurfaceMaintenanceFactor (SMF) - Ratio of
surfacereflectanceat agiventime to the initialreflectance
value.

2.10.6 Room SurfaceMaintenanceFactor (RSMF) -
Ratio of surfacereflectanceat agiven time to the initial
reflectancevalue.

3 INDOORliGHTING SYSTEMS

3.1' General

Maintenanceof all lighting installationsis essentialas it
keepsthe performanceof the systemwithin the design
limits andpromotessafetyandefficient useofenergy. It
is a fact that the lighting level provided by a lighting
installationwill decreasegraduallythroughoutthe lifeof
the installation. Severaltermshavebeenused todescribe
the factor to accountfor this reductionbut in this part
throughoutthe termmaintenancefactor is used.

Maintenancefactor is definedas theratio of the average
illuminanceon the working planeafter a certainperiod
of use of a lighting installation to the initial average
illuminanceobtainedunderthe sameconditionsfor the
installationthereforetakingaccountofall losses including
lamp lumenmaintenance.

NOTES
1. The term light loss factor, having the same definition

as maintenance factor, has been used in the past.
2. The term depreciation factor has been formerly used

to designate the reciprocalof the above ratio.
3. The light losses take into account dirt accumulation

"on luminaire and room surfaces and lamp depreciation.

The recommendedilluminancefor lighting designis now
basedon maintainedilluminancewhich is the average
illuminanceat acertainperiodofusewhenmaintenance
has to becarriedout and isgivenby,

Emainatined= Einitialx MF
Lighting systems have different maintenance
characteristicsand this should be oneof the important
assessmentsmade in theearlystagesof projectdesign.

This part discussesthe various influencing factors and
gives databasedon"practical solutionsthat enablethe
maintenancefactor for different types of systems,
buildings and locations to be derived, The derived
maintenancefactorshouldbeappliedto all formulaeused
for lighting schemecalculations,such asilluminanceand
luminanceon areasor at points.Methodsfor estimating
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economic maintenance periods and advice on cleaning
techniques are also given.

This part alsoprovidesa limited selectionof typical
current data to allow the calculationmethodsto be
explained. The examples of data have been updated with
new lamp types, luminaire types and improvements in the
interior cleanliness. A 'very clean' environment category
has been added and a new method with data extending to
six years is proposed for the room surface maintenance
factor. However, to takeadvantageof the continuing
developmentsof lighting products and techniques, up-
to-date data should be obtained from manufacturers.

3.2 Need forMaintenance

All lighting schemes within a building will deteriorate
progressivelyfrom the moment these are put into use.
The losses are due to the accumulationof dust and dirt
on all exposed surfaces of lamps, luminaires and room
surfaces, reducing the transmittance or reflectance and to
the decay in lamp lumen output, failing lamps and ageing
of surfaces.If this process is unchecked, it will result in
the illuminance falling to very low values as shown in
Fig.L, and the schemecould becomevery energy
inefficient, unsightly and dangerous.As the decay in
illuminance is gradual, the workers may not notice the

loss immediately. But over aperiod, this gradual reduction.
will cause increasedvisual strain,more errors and mistakes
in the work; the task will take longer to complete and
accidents may occur.

Regular maintenance is, therefore, most important for an
effective lighting installation. The lighting system should
not only becleanedcorrectly and thoroughlybut the
cleaning should be carried out at regular intervals. A well
designed maintenance schedule and programme will yield
a higher maintenance factor and will maintain the required
illuminance, reduce capital and operating costs, reduce
the installedpower requirementsand run thesystem
safely. It will ensure satisfactory appearance and comfort
for the occupants.

However, even with a well designedand operated
maintenanceprogrammesome lossof illuminance is
inevitable. This loss has to be estimated, at the time the
lighting scheme is planned, and an allowance in the form
of maintenance factor should be included in the scheme
design calculations.

3.3 Influencing Factors

There are several factors that can reduce the light output
of an installation. Theseare groupedunder non-
recoverable and.recoverable depreciation.

khours
years

76

-......L._--- MF scheme

51

(rei:1ec1tamje 710/50120. DFF 0.0 in clean emrironment);
lineartl:iphospJt!ortlu()resl::entlamp);

unmaintainedsystem output;
is the maintenance factor and the relative maintained illuminance.

NOTE The lampsurvival rate is not inclUded as in this casebetweenbulk relampingspot
replacement is assumed.

VariationofIlluminancethrough Life(LinearFluorescentLamp inIndustrialReflectorLuminaire
Operatedwith SpotLamp ReplacementProgramme)
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3.3.1 Non-recoverable Factors

Non-recoverablefactors (NRF), such as ageingand
fading of materials,operatingtemperatureandvoltage
are inherentin the installationand itsenvironmentand
cannotbe improvedduring normalmaintenanceor are
uneconomicalto overcome.Thesefactors in general
aresmall« 3 percent)but shouldbetakeninto account
togetherwith theplanningofamaintenanceprogramme
at thedesignstageof the lighting schemeand theright
equipmentfor the environmentshouldbe selected.

Once the non-recoverablereductions,by ageingor
soiling, have occurredthe lighting equipmentcannot
be brought back to their original condition and
replacementof the luminairemay benecessary.This is
the casewith luminairesifthey arein.say,dustyor oily
atmospheresso that dust or oilparticlesbecomeburnt
onto the reflector. In suchcasesit is not'economically
viableto bringthereflectorbackto its originalcondition
and, therefore,it is advisable(sometimesessential)to
replacethe reflector. If this is not done thelighting
installationwill not providethemaintainedilluminance.

If the influence of other factors such asvoltage,
frequency,temperatureand ballast,arepermanentand
significant then at the designstagethe magnitudeof
theseeffects shouldbe estimatedand anallowance
similar to themaintenancefactorshouldbemadein the
calculations.Thesefactorsalthoughimportantare not
usedin the methodsdescribed.However, it is worth
statingthat the influenceof randomoccurrencesmay
be ignored;providedtheydonot harmthe operationof
the lighting system.

3.3.2 RecoverableFactors

Recoverablefactors,oflamplumenmaintenance,lamp
survival, luminaire maintenanceand room surface
maintenancecan be madegood·during service and
routine maintenance.Theseshouldbe defined in the
maintenancescheduleand implementedby relamping,
cleaning,replacingfailed componentsor painting the
surfaces.

The valueofsuch amaintenanceprogrammeis indicated
by an examplein' Fig.l. This clearly showsthat the
illuminance in the unservicedschemewill fall to 50
percentof the initial value within six yearsand will
continueto decline albeit at a reducedrate. But by
implementinga programmeof biannual luminaire
cleaningand 6yearlybulk relampingandroomsurface
cleaning,the declineis checkedand can berestoredto'
over 98 percentof the initial value. At this time the
maintainedschemeprovidesdoublethe illuminanceof
that given by theunmaintainedsystem. Themaintenance
programmewill yield a maintenancefactor of 0.70 for
the scheme.
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3.4 InspectionIntervalsandCleanlinessCategory

Regularinspectionof lighting installationsis advisable.
In some countries theprovisionof adequate illuminance
for working is requiredby law. Independentinspectors
enforce the task illuminance.

As a guide for those who have their lighting inspected
and/ormeasured,Table 1showsthe maximum time
intervals betweeninspectionsof various areas. Table 1
also indicates the cleanlinesscategoryof typical places
of work.

NOTE - There may be cases,particularly in certain
areas inindustrial processes,where theenvironmentis
exceedinglydirty which are outside the scopeof the
above classification.

Table 1:RecommendedInspectionIntervalsofLighting
Systemsin DifferentWorkingEnvironments.

(Clauses3.4and3.10.1)

Inspection Environment _ Activity or task area
Interval

3 years Very Clean (VC) Cleanrooms, semiconductor
plants, hospitals,clinical
area", computercentres

Clean(C) Offices, schools,hospital
.wards

2 years Normal (N) Shops,laboratories,
restaurants,warehouses,
assemblyareas,workshops

1 year Dirty (D) Steelworks,chemical
works, foundries, welding,
polishing,woodwork

• For reasonof hygienecontrol,more frequentinspection
may be required.

3.5 CleaningSchedule

To assistoperatorsof maintenanceschedulesTable 2
gives aquick indication of the cleaningintervals for
different luminaire types used in various environments.
As far asmaintenanceis concernedTable 2 and Table 3
can also be used as a guide for the selectionof luminaires
for particularenvironments. The data are typical for the
luminairesusing any lamp types with theexceptionof
thoseusing high pressuredischargereflector lamps.
Thesereflectorlamp luminaires will have characteristics
similar to type B luminaires.

3.6 Analysisof Depreciation

Several factors contribute to light losses and the effect
and magnitudevary with the typeof activity and the
location. For example, areas vary as to the amount and .
type of dirt in the air; the amountof dirt in a foundry is
greater than that found in an airconditionedoffice. But
the amountand typeof dirt in an office located near an
industrial area is different to that for an office located in
the country. The black dirt found in steel mills is most
unlike the relativelylight coloureddust in bakeries.It is
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Table 2 :ApproximateCleaningIntervals(markedby X) for LuminairesUsed in VariousEnvironments
(Clauses3.5,3.10.1and3.15)

Cleaning Intervals

Environment/
Luminaire type

A Bare batten

B. Open top housing (natural ventilated)

C. Closedtop housing (unventilated)

D. EnclosedIP2X

3 years
~

VC N D
C

x

x

x

X

2 years
~

VC N D
C

x

x

(X)

(X)

1 year
~

VC N D
C

x

x

X

X

E. Dust proof IP5X

F. Enclosedindirect (uplight)

G Airhandling, forced ventilated

X

X

X

X

X

X

X

(X) X

Where VC is very clean, C is clean, N is normal and D is dirty atmosphere in theenvironment(seeTable 1).
The selectionof intervals is based on having a luminairemaintenancefactor (LMF) of over 0.80.

Table 3 :Examplesof LuminaireTypes
(Clause 3.5)

Type

A

B

C

D

E

F

G

Luminaire types in Table 2

Bare batten

Open tophousing (natural
ventilatedand socalled 'self
cleaning' types)

Closedtop housing(unventilated)

EnclosedIP2X

Dust proof IP5X

Indirect lighting and uplight

Air handlingand forcedventilated

Luminaire descrtptlons

Bare lamp luminaires

Direct-indirect luminaireswithout cover

Direct-indirect luminaireswith indirect reflector and closedoptical device
Wall washing luminaires (vertical opening)
Wall mountedluminairesopen top and base
Downlights with open top

Recessedand surfacemountedluminaires(for example,with louvres), downlights,
sspotlights

Generalpurposeluminaireswith closed(natural ventilated)coversand optics

Dust proof IP5X (protected,clean room luminaires)

Free standing,pendant,wall mounteduplighterswith closedbase, cove lights.

Air handlingbody and opticusedwith air conditioningor ventilationsystems

Luminaires C, D and F are notrecommendedfor dirty environments.
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important to be able to recognize these variations when
assessing light losses.

3.6.1 Lamp Lumen Maintenance Factor

The lamp lumen maintenance factor is the relative light
output during the lifetime of a burning lamp to the initial
output. The light output of all lamp types decreases with
burning hours. Table 4 gives examples of lamp operating
hours (burning hours) for a range of activity areas. The
exact rate, however, depends on the specific lamp type
and for discharge lamps, also on the ballasting system.
The losses due to this effect can bereducedby more
frequent lamp replacement,perhaps by group
replacement.Table5showstypicalexamplesoflamp lumen
maintenancefactors. It is thereforevery important to
obtain up-to-datedata from the manufacturersfor
estimating the maintenance factor and the maintenance
programme, particularly when using a new type of lamp.

For accurate data always consult the manufacturer.

3.6.2 Lamp Survival

Lamp survival factor is the probability of lamps
continuing to operate for a given time.It indicates the
percentageof a large representative group of a type of
lamp remaining operational after a certain period. The
survival rate depends on lamp type and particularly, in
the case of discharge lamps, the frequency of switching
and the ballasting system. Traditionally the lamp life is
the declared time in hours when 50 percent of the lamps in

a test batch havesurvived(seeFig.2). Failed lamps in
schemeswill causereduction in illuminance and
uniformity, but the effect can beminimized by spot
replacement of lamps. Table 5 shows typical examples of
lamp survival data. TheLSF value should be used in
conjunctionwith theLLMF value to establishan economic
working life for the lamp as the declared life isoftenmuch
longer than the economic light output lamp life.

For accurate data the manufacturer may be contacted.

3.6.2.1 Differences between lamp types

Different lamp types behave differently. For example, the
working principle of an incandescent lamp is a glowing
filament whilst a fluorescent lamp is by arc discharge
combined with phosphor emission.

3.6.2.2 Differences within one lamp type

Even if the working principle of thelamptypeis identical
this does not mean that the lamp maintenance
characteristics are the same. For example, manufacturers
produceseveraltypes of halogenlamps for different
purposes and the 50 percent survival rate varies between
1 000hand5 000 h.

3.6.2.3 Differences by external influence on lamp

Many external issues like burning position, environmental
conditions, ballasting system, frequency of switching, etc,
significantly influence the maintenance characteristics of
lamps.

100-.-------

80

60

40

20

1601404020 60 80 100 120

0/0 of average life

Fig. 2.Typical LampMortality Curves
(statistical groupof linear fluorescent lamps on 8 switch cyClesper24 hours)
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Table 4: TypicalAnnual OperatingHours (burning hours)
(Clauses3:6.1 and 3.14.1)

Activity
Include shifts

Period of occupancy
~

No. of days Hours/day
Daylight link controls Operating hours

Yes/No* Hours/year

Industrial
Continuous
Process
Two shifts
Six days/week
Single shift
Six days/week
Single shift
Five days/week
Retail
Six days/week
Offices
Five days/week

Schools
Five days/week

Hospitals
7days/week

365 24 no 8760
365 24 yes 7300
310 16 no 4960
310 16 yes 3720
310 10 no 3100
310 10 yes 1760
258 10 no 2580
258 10 yes 1550

310 10 no 3100

258 10· no 2580
258 10 yes 1550

190 10 no 1900
190 10 yes 1140

365 16 no 5840
365 16 yes 3504

. .
* Assuming adequatedaylight is available during the daytime for abouthalf the working days. As daylightpenetrationvaries across
the areas, theswitching or dimming arrangementswill need to beorganizedaccordingly.

NOTE - Frequent switching of the lamps will reduce the lamp life, see Fig.2.

'Indicatesdifferencesin '-'LMF and LSF among lamps, whichbelongto the same lamp type category.
2Differences in group of metal halides are extremely remarkable. Very high and very low wattage lamps have significantly shorter lives than
the values given here.
3Dataof LEDs is changing rapidly and no values can be given.
It is always advisable to consult manufacturers for detailed and up-to-date lamp data.
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Numberof sWitching in 24 hrs.

3 ExampleoftheEffectofSwitchingonLampLifeforFluorescentUwIp QnLaggingSwitchStartCircuit

NOTE - in with each

For accurate data theluminaire manufacturermay be
consulted.

Table 6. Examples of SwitchingFrequencyand Ballast
Influence onLamp Life (50 PercentSurvivor) of the TLD

and T5Linear FluorescentLamps
(Clause 3.7)

12 h 23 000 h 19 000 h 18 000 h 15 000 h

8 h 22 000 h 17 000 h 16 000 h 14 000 h

3 h 20 000 h Not available 15 000 h 12 000 h

lh 16000h Not available 12 000 h 9 000 h

NOTE - T5 lamps use onlyelectronicballasts.

3.8 Luminaire MaintenanceFactor

Luminaire maintenance factor is the relative output of
the luminaire due to dirt deposited on lamps and on or in
the luminaires over a period. The rate of reduction depends
on the constructionof the luminaire and on the nature
and density of airborne dirt present in the atmosphere.
Black dirt or dust will generally cause the greatest loss of

Conventional
(magnetic) ballast

Indl'ictive--- Leadlag
circuit circuit

(50 percent
capacitive,
50 percent
inductive)

High frequency
electronic ballast "
~

Programmed Instant
start (preheat) start

(non-preheat)

Switching
cycle

3.7 CircuitsandControls

Except the mains voltage rated incandescent lamps, all
other lamp types require some form of control gear (ballast
or transformer) to provide for voltage"matchor limiting
lamp current. Some lamps, particularly compact
fluorescent types, have this control gear integral (built
in) and are disposed of at the end of lamp life. "However,
the majorityof lamps use remote control gear that last
several lamp changes.

For safe and reliable operation during lamp change it is
important to ensurethat the replacementlamp is
compatible with the control gear. The manufacturers of
luminaires use both magnetic and electronic control gear
and they should be consulted on the choice. The control
gear may be fixed or variable (dimmable) output and can
be coupledwith lighting managementsystems. These
systems can be linked to timed controls or people presence
detection and/or daylight sensing to switch or dim the
lamps accordingly.

The lamp life is based on a defined frequencyofswitching
with a 24 hour period. Frequent switching will reduce
lamp life (seeFig. 3). Studies have shown that correct
dimming of lamps has no adverse effect on lamp life, in
fact,incandescentlamps can benefit. Fig. 3 and Table 6
give examples of how ballasting systems and switching
frequencyinfluence the lifetime of linear fluorescent
lamps.
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I Table 7 : Examplesof Luminaire MaintenanceFactors (LMF)
(Clause3.8)

Elapsedtime 0 0.5 1.0 1.5 2.0 2.5 3.0
Q . between

cleanings in
years

Luminaire Environment
type
(seeTable 2) ~ ~ ~ ~ ~ ~

Any VC C N D VC C N D VC C N D VC C N D VC C N D VC C N D

A 1 0.98 0.95 0.92 0.88 '0.96 0.93 0.89 0.83 0.95 0.91 0.87 0.80 0.94 0.89 0.84 0.78 0.93 0.87 0.82 0.75 0.92 0.85 0.79 0.73

B 1 0.96 0.95 0.91 0.88 0.95 0.90 0.86 0.83 0.94 0.870.83 0.79 0.92 0.84 0.80 0.75 0.91 0.82 0.76 0.71 0.89 0.790.74 0.68

C 1 0.95 0.93 0.89 0.85 10.94 0.89 0.81 0.75 0.93 0.84 0.74 0.66 0.91 0.80 0.69 0.59 0.89 0.77 0.64 0.54 0.87 0.74 0.61 0.52

D 1 0.94 0.92 0.87 0.83 0.94 0.88 0.820.77 0.93 0.85 0.79 0.73 0.91 0.83 0.77 0.71 0.90 0.81 0.75 0.68 0.89 0.79 0.73 0.65

E 1 0.94 0.96 0.93 0.91 0.96 0.94 0.90 . 0.86 0.92 0.92 0.88 0.83 0.93 0.91 0.86 0.81 0.92 0.90 0.85 0.80 0.92 0.90 0.84 0.79

F 1 0.94 0.92 0.89 0.85 0.93 0.86 0.81 0.74 0.91 0.81 0.73 0.65 0.88 0.77 0.66 0.57 0.86 0.73 0.60 0.51Q.85 0.70 0.55 0.45

G 1 1.00 1.00 0.99 0.98 1.00 0.99 0.96 0.93 0.99 0.97 0.94 0.89 0.99 0.96 0.92 0.87 0.98 0.95 0.91 0.86 0.98 0.95 0.90 0.85

~=.....:J

rJ).

'"C
.....:J

·N

N=....
=
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Table 8 Table of Values forConstantsc andt
(Clause3.9)

Someexamplesfor fluorescentlamps/luminairesand room
surfaceareshownin Fig. 4.

NOTE - Maintenancedata is usually provided in
tabular form. However, it is often convenientto
presentthe data ingraphical forms.

where
p (t) is the reflectance at a specified time t in years;
Po is the initial reflectance;and
c,·'t are constants of the dustaccumulationprocess.

(1)
E

MF=~
E

ill

Environment Ceiling Walls Floor 't' (applied to
cc cw cf time in years)

Very clean 0.96 0.92 0.85 6/12

Clean 0.92 0..84 0.70 5/12

Normal 0.83 0.70 0.50 4/12

Dirty 0.70 0.45 0.30 3/12

where

Em =maintainedilluminance;and

E = initial illuminance.
in

Maintenancefactor

3.10 MaintenanceFactor

Maintenancefactor is definedas theratio of illuminance
producedby the lighting systemafter a certainperiodto
the illuminanceproducedby the systemwhennew.

maintenancefactorcan beevaluatedfor any maintenance
interval. For a setof realisticvaluesof c andt the room
surfacemaintenancefactor valuescanbe calculatedfor
very clean,clean,normaland dirtyenvironmentconditions
and the results presentedfor different reflectance
conditionsin tablesjustlike utilizationfactors. Forpractical
reasonsit is sufficient to generatetables for only one
mediumproportionroomsize (k=2.5)butfor at least 3 flux
distributions[DownwardFlux Fraction(DFF) of 0.0, 0.5
and 1.0] for maintenanceintervals of up to 6 years.
Table 8 providesvalues for the constantsc and t and
Tables 9, 10 and 11 gives RSMFvalues for cosine
distributiontype luminaireshavingflux fractionof 0.0 or
0.5 or 1.0 for a setofreflectanceandenvironment.Clearly
RSMF values can be generatedfor other luminous
intensityand flux distributiontype luminaires.

NOTE - The Downward Flux Fraction (DFF) is the
ratio of the Downward Light Output Ratio (DLOR) and
the Light Output Ratio (LOR) of the luminaire.

DFF= DLOR
LOR

p(t) = Po .[c+(1-c).e-t lt ]

3.9 RoomSurfaceMaintenanceFactor(RSMF)

Room surfacemaintenancefactor (RSMF) is the relative
proportion of the initial interreflectedcomponentof
illuminancefrom the installationafter acertainperioddue
to dirt onroomsurfaces.Tables 9 to 11provideexamplesof
RSMFdata. Theroomsurfacemaintenancefactor can also
beregardedas the ratiooftheutilanceofagiveninstallation
after aspecifiedtime to theutilanceofthe sameinstallation
(without a changeof the relativedistributionof the direct
fluxes onto allreflecting surfaces)whennew or after the
last cleaning. Theroomsurfacemaintenancefactordepends
on theroomproportion,on thereflectanceof all surfaces
and on the direct fluxdistributionoftheinstalledluminaires.
The room surfacemaintenancefactor alsodependson the
natureanddensityofdustpresentor generatedin the room.
This build up of dirt on theroomsurfacesoveraperiodof
time will reducetheavailableamountofinterreflectedlight.
While periodiccleaningandpaintingofwalls andceilings
is advisablein all installationsit shouldbe done more
frequentlyin areaswherealargeproportionoflight arrives
on thetaskby reflectionfrom theroomsurfacesor curtains,.
picturesand furniture. Cleanroom surfaceswill help the
luminancebalancein the environment.In somecountries
redecorationof the room surfacesis requiredat regular
intervalsset out inhygieneregulations.

Underthe assumptionthatthe decreaseof the reflectance
ofanyparticularroomsurfaceovertime canbe expressed
by using the formula shownbelow, the room surface

light. It is not uncommonto find 50 percentloss, due to
dirt, from industriallighting systemsbetweenlong cleaning
intervals. The amountof light loss dependson thenature
and densityof airbornedirt, luminaire design,luminaire
materialand finish and lamp type.Ventilated luminaires
collect less dirt if the locationof openingsis arrangedso
that convectionair currentscan carry dust and dirt,past
the optics and lamp(sometimesreferredto asselfcleaning
action) ratherthan allow it to depositand accumulateon
the reflecting or emitting surfaces.Dirt accumulationon
reflecting surfacescan beminimizedby sealingthe lamp
compartmentagainstentryofdust andmoisture.Significant
benefitscan beobtainedwith the luminaire housingand
opticssealedto atleastIP 54protection.Luminairefinishes
differ in theirresistanceto dirt accumulation.Forexample,
anodized aluminium will stay cleanlongerthan white enamel,
but the former will haveslightly lower initial reflectance
whilst the lattercan becleanedeasily. Also, the dirtdeposit
canaffectthe intensitydistributionof the luminaire.It can
tum a specularsurfacereflector into a matt finish or a
prismaticcontroller into a diffuser. Table 7 showstypical
.data for arangeofluminaires.

For moreaccuratedata theluminairemanufacturermay be
consulted.
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LLMF

LSF

By calculatingthemaintenancefactor for differenttimes
and taking into account the proposed maintenance
schedule,it ispossibleto predictthepatternof illuminance'
inaninstallationovera periodof time.

Themaintenancefactor is amultipleof factors.

MaintenanceFactorMF = LLMFx LSFx LMFxRSMF
(2)

where

= lamplumenmaintenancefactor;

= lampsurvivalfactor(usedonly forgroup
replacementprogrammes);

LMF = luminairemaintenancefactor;and

RSMF = roomsurfacemaintenancefactor.

3.10.1DeterminationofMaintenanceFactor

Themagnitudeof each of thesefactorsvaries with the
lamp,luminaire,environment,interiorandtime.

For accurateassessmentthe manufacturer'sdata should
be used. However, some typical data are shown in
Tables5 and 7.

The maintenancefactor can bedeterminedby the
following step-by-stepprocedure.

Step1 Select lamp and luminaire for theinterior
application(seeTable2).

Step2 Determinegroupreplacementintervalsoflamps
(if practical).

Step3 ObtainLLMF andLSFfromTable5 for period
establishedin Step2.

If spot lampreplacementprocedureisfollowed
thenLSFwillbe 1.

Step4 Assess thecleanlinesscategoryof the interior
(seeTable1).

Step5 Determinecleaninginterval of luminairesand
roomsurfaces.

Step6 ObtainLMFfromTable7 for periodestablished
in Step5.

Step7 ObtainRSMFfrom Table 9 to11 for period
establishedin Step5.

Step8 CalculateMF

= LLMFx LSFx LMFx RSMF(x NRF).

Calculatemaintenancefactor to not more than
twosignificantfigures.

NOTE :- If there are significant non-recoverable

factors(NRF) then these should be includedill; the final

MF value.
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Step9 It isadvisableto repeatSteps1to 8,byadjusting
the various components, so that a rangeof
maintenanceprogrammeoptionsareconsidered
at the initialdesignstage.

3.11 UseofMaintenanceFactor(Mil)

In any lighting design calculationan appropriate
maintenance factor has to be included to allow for
depreciation.Themagnitudeof the maintenancefactor
significantlyaffects the numberofluminairesneeded to
produce the specifiedilluminance.High maintenance
factorsarebeneficialandcanbeachievedbycarefulchoice
of equipmentand electingto,cleantheinstallationmore
frequently.It is recommendedto select solutionsso that
themaintenancefactor does not fall below 0.7.Typical
valuesare showninTable12.

Themaintenancefactorcanbe used in thelumenmethod
of illuminance calculationto estimate the average
illuminanceof the.installationat a particularstage in its
life.This is achievedbyusingthefollowing formula:

cI>/IIX nxNxUFxMF
~ 0)

A
where

Em = maintainedilluminance(lux);

cI>in = .initial luminous flux of the light source
(lumen);

n = numberoflamps perluminaire;

N = numberofluminaires;

A = areato beilluminated(m');

UF = utilization factor for the luminaire in the
room; and

MF = maintenancefactor.

NOTE - This expressiondoes not aIlow for the

depreciation caused by non-recoverable losses.

Themaintenancefactorcan and shouldbe appliedto all
formulaeusedforlightingschemecalculations,forexample
luminancepatternsandpoint-by-pointilluminanceplots.

It should be noted that themaintenancefactordiscussed
hereand the variationofilluminanceshowninFig.• and
Fig. 5 are fromfixedpowerschemes.There isincreasing
useofcontrollableelectronicballaststhatallowsalighting
schemeto provideconstantilluminance.Intheseschemes
thedepreciationis compensatedfor by increasedpower
supply to the lamps and thereby increasing the light
output. Experience on maintenance of these recently
introducedcontrollableinstallationsisstillbeinggathered
and preciseadvicecannotbeoffered.It isrecommended
thatmaintenancebe carriedoutwhenabout50percentof
thelampsare operatingat fullpower.
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Table9Tableof RoomSurfaceMaintenanceFactor(RSMF)for DirectFluxDistribution(DFF=0.0)
(Clause 3.9)

Reflectances Time/yrs 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
ceiling/walls/
floor environment Room surfacemaintenancefactors - utilization plane

0.80/0.70/0.20 very clean 1.00 0.97 0.96 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

clean 1.00 0.93 0.92 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

normal 1.00 0.88 0.86 0.86 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85

dirty . 1.00 0.81 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80

0.80/0.50/0.20 very clean 1.00 0.98 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97

clean 1.00 0.95 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94

normal 1.00 0.91 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

dirty 1.00 0.86 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85

0.80/0.30/0.20 very clean 1.00 0.99 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98

clean 1.00 0.97 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

normal 1.00 0.94 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

dirty 1.00 0.91 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

0.70/0.70/0.20 very clean 1.00 0.97 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

clean 1.00 0.94 0.92 0.92 ·0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92

normal 1.00 0.89 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87

dirty .1.00 0.83 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81

0.70/0.50/0.20 very clean 1.00 0.98 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97

clean 1.00 0.96 0.95 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94

normal 1.00 0.92 0.91 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

.dirty 1.00 0.87 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86

0.70/0.30/0.20 very clean 1.00 0.99 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98

clean 1.00 0.97 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

normal 1.00 0.95 0.94 0.94 0.94 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

dirty 1.00 0.92 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

0.50/0.70/0.20 very clean 1.00 0.98 0.97 0.97 . 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

clean 1.00 0.95 0.94 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.930.93

normal 1.00 0.91 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89

dirty 1.00 0.85 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84

0.50/0.50/0.20 very clean 1.00 0.98 0.98 0.98 0.98 0.97 0.97 0.97 0.970.97 0.97 0.97 0.97

clean 1.00 0.97 0.96 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

normal 1.00 0.94 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92

dirty 1.00 0.89 0.89 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88

0.50/0.30/0.20 very clean 1.00 0.99 0.99 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98

clean 1.00 0.98 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97

normal 1.00 0.96 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

dirty 1.00 0.93 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
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Table 10 Tableof RoomSurfaceMaintenanceFactor (RSMF) for DirectlIndirect Flux Distribution (DFF= 0.5).
(Clause 3.9)

Reflectances Time/yrs 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
ceiling/walls/
floor environment Room surface maintenance factors - utilization plane

0.80/0.70/0.20 very clean 1.00 0.95 0.94 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

clean 1.00 0.90 0.88 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87

normal 1.00 0.81 0.78 0.77 0.77 0..77 0.77 0.77 0.77 0.77 0.77 0.77 0.77

dirty 1.00 ·0.70 0.67 0.67 0.67 0.67 0.67 0."67 0.67 0.67 0.67 0.67 0.67

0.80/0.50/0.20 very clean 1.00 0.96 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

clean 1.00 0.93 0.91 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

normal 1.00 0.85 0.83 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82

dirty 1.00 0.76 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73

0.80/0.30/0.20 very clean 1.00 0.97 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

clean 1.00 0.94 0.93 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92

normal 1.00 0.89 0.87 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86

dirty 1.00 0.81 0.79 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78

0.70/0.70/0.20 very clean 1.00 0.96 0.94 0.94 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

clean 1.00 0.91 0.89 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88

normal 1.00 0.83 0.80 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79

dirty 1.00 0.72 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0;69

0.70/0.50/0.20 very clean 1.00 0.97 0.96 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

clean 1.00 0.93 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

normal 1.00 0.87 0.84 0.84 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83

dirty 1.00 0.77 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

0.70/0.30/0.20 very clean 1.00 0.98 0.97 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

clean 1.00 0.95 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

normal 1.00 0.90 0.88 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87

d ~ r t y 1.00 0.82 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80

0.50/0.70/0.20 very clean 1.00 0.97 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

clean 1.00 0.93 0.91 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

normal 1.00 0.86 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83

dirty 1.00 0.76 0.74 0;74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74

0:50/0.50/0.20 very clean 1.00 0.97 0.96 0.96 0.96 0.96 0.96 0.96 0.96 . 0.96 0.96 0.96 0.96

clean 1.00 0.94 0.93 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92..
normal 1.00 0.89 0.87 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86

dirty 1.00 0.81 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79

0.50/0.30/0.20 very clean 1.00 0.98 0.97 0.97 0.97 0.97 0.97 0.97 0.97 . 0.97 0.97 0.97 0.97

clean 1.00 0.96 0.95 0.94 0.94 0.94_ 0.94 0.94 0.94 0.94 0.94 0.94 0.94

normal 1.00 0.92 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

dirty 1.00 0.85 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
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Table IPTable of Room Surface Maintenance Factor(RSMF) for Indirect Flux Distrthution (DFF) = 1.0)
(Clause3.9)

Reflectances 'I'ime/yr's 0.00 ·0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
ceiling/walls/
floor environment Room surface maintenance factors '- utilization plane

0.80/0.70/0.20 very clean 1.00 0.93 0.91 0.90 0.90 0.90 0.90 0.89 0.89 0.89 0.89 0.89 0.89

clean 1.00 0.86 0.82 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81

normal 1.00 0.72 0.67 0.66 0.66 0,66 0.66 0.66 0.66 0.66 0.66 0.66 0.66

dirty 1.00 0.54 0.50 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49

0.80/0.50/0.20 very ,clean 1.00 0.94 0.93 0.92 0.92 0.91 0.91 0.91 0.91 0.91 . 0.91 0.91 0.91

clean 1.00 0.88 0.85 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84

normal 1.00 0.76 0.72 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71 0.71

dirty 1.00 0.59 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 . 0.55 0.55

0.80/0.30/0.20 very clean 1.00 0.96 0.94 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

clean 1.00 0.90 0.88 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87

normal 1.00 0.80 0.76 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

dirty 1.00 0.64 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60

0.70/0.70/0.20 very clean 1.00 0.93 0.91 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

clean 1.00 0.86 0.83 0.82 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81

normal 1.00 0.73 0.68 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67

dirty 1.00 0.55 0.51 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

0.70/0.50/0.20 very clean 1.00 0.95 0.9'3 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92

clean 1.00 0.89 0.86 0.85 0.85 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84

normal 1.00 0.77 0.73 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72

dirty 1.00 0.60 0.56 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55

0.70/0.30/0.20 very clean l.00 0.96 0.94 0.94 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

clean ~ .00 0.91 0.88 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87

normal 1.00 0.80 0.77 0.76 0.76 0.76 0.76 0.76 0.75 0.75 0.75 0.75 0.75

dirty 1.00 0.65 0.61 0.60 0.60 0.60 0.60 0.60 0.60 .. 0.60 0.60 0.60 0.60

0.50/0.70/0.20 very clean. 1.00 0.94 0.92 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.910.91

clean 1.00 0.87 0.84 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83

normal 1.00 0.75 0.70 0.69 0.69 0.69 .0.69 b.69 0.69 0.69 0.69 0.69 0.69

dirty 1.00 ·0.57 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52

0.50/0.50/0.20 very clean 1.00 0.95 0.93 0.93 0.93 0.92 0.92 0.92 0.92 b.92 0.92 0.92 0.92

clean 1.00 0.90 0.87 0.86 0.86 0.85 0.85 0.85 0.85 0.85 0.85 0 . 8 ~ 0.85

normal 1.00 0.78 0.74 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73

dirty 1.00 0.61 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57

0.50/0.30/0.20 very clean 1.00 0.96 0.95 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94

clean 1.00 0.91 0.89 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88

normal 1.00 0.87 0.78 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77

dirty 1.00 0.66 0.62 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61
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Table 12 Typical Set ofMF Values for aMediumSized Room and the VariousLampandLuminaireTypeCombinations
(Clause 3.11)

Incandescenthalogen Compactfluorescent HF with preheat Metal halide High pressure
fluorescentlinear (250/40W) sodium(250/400W)

triphosphor

~ ~~ ~ ~
VC C N D VC C N D VC C N D VC C N D VC C N DEnvironment

Luminaire

Lamp type

Type DFF

A 0.5 0.87 0.80 0.70 0.59 0.87 0.75 0.66 0.55 0.82 0.76 0.66 0.56 0.79 0.74 0.64_0.54 0.86 0.80 0.69 0.59

B 0.5 0.86 0.78 0.73 0.59 0.80 0.73 0.64 0.55 0.81 74 0.64 0.56 0.79 0.71 0.620.54 0.85 0.77 0.67 0.59

C 0.0 0.87 0.79 0.69 061 0.81 0.74 0.65 0.57 0.82 0.75 0.66 0.58 0.79 0.73 0.63 0.56 0.86 0.79 0.69 0.60

D 0.0 0.87 0.79 0.70 0.63 0.81 0.74 0.65 0.59 0.82 0.74 0.66 0.60 0.79 0.72 0.64 0.58 0.86 0.78 0.69 0.62

E 0.0 0.88 0.84 0.77 0.70 0.83 0.79 0.72 0.66 084 0.80 0.73 0.67 0.81 0.77 0.70 0.64 0.88 0.83 0.76 0.70

F 1.0 0.81 0.69 0.55 0.39 0.76 0.64 0.52 -0.36 0.77 0.65 0.52 0.37 0.74 0.63 0.51 0.35 0.80 0.68 0.55 0.38

G 0.0 0.92 0.88 0.82 0.76 0.86 0.83 0.77 0.71 0.87 0.84 0.78 0.72 0.84 0.81 0.750.70 0.91 0.87 0.81 0.75

(LLMFO.95)

(LLMFO.89)

(LLMFO.90)

(LLMFO.87)

(LLMFO.94)

2000hours

6000hours

15000hours

4000hours

20000hours

Incandescenthalogen

Compact fluorescent

HF fluorescent linear

Metal halide

High pressure sodium

This table is based on the following assumptions

Medium sized room (k 2.5) with reflectance70150/20for ceiling, walls and floorrespectively

Cleaning intervalsof lamps and luminaires - 1 year

Cleaning intervals of room surfaces - 6 years

Failed lamps are spot replaced

Bulk re1amping intervals (burning hours)
~g
~
~

~
og
tti



3.12 DesigningSchemefor OptimalMaintenance

During the designof lighting installations,the designer
has the.possibilities as stated below, to choose
components,systemsand finishesthat will result in the
maintenancebeingkept to aminimum:

a Choosingluminairesin which the lamp is in a
dustproofenclosurehavinga suitablegasketto
allowthe luminaire tobreathewithoutsucking in
dust;

b. Adopting open luminaires(self-cleaningtype)
where the convectioncurrentsfrom the heat
producedby the lamp aredirectedto flow over
the reflecting surfacesto preventairbornedry
dustfrom settling;

c. Usingair handlingluminaireswherethe forced
ventilation assistsin the removal of dust and
dirt;

d. Only recommendingoptical systemsthat are fit
for the prevailingenvironmentalconditions,for
example, plastic louvres are notsuitablefor dusty
locations;

e. Reducingthe numberof variantson ascheme;

f. Using luminaireshavingfew components,thus,
whenrequiringservice,can beeasilyhandledor
removedfor off-site servicing;

g. Recommendingsurface finishes that remain clean
for long periodsand areeasilycleanable;and

h. Usingreflectorlamps or barebattenluminaires
wherethe dirt is oily or sticky.

Otherways thedesignercan help themaintenanceand
thus improvethe effectivenessofmaintenanceare:

a) Planning for easeof maintenance;ensuring
access,types of tools neededfor servicing,
ensuringavailability of sparelamps,optics or
even luminaires.Earlyliaison with the maintainer
to ensureunderstandingof requirementsand
proceduresis also advantageous;

b) Preparinga comprehensivemaintenance
schedulewith instructions;and

c) Organizingeffective information feedbackof
mistakes,failures ordifficulties and use these to
avoida repetitionin future projects.

3.13 Sustainability

More and more nations in the world are introducing
legislationsthat aresupportingsustainabilityand these
rules will impactthe choiceofelectric lighting solutions
and their operation.

A brief insight for considerationof sustainabilityas
appliedto electriclighting systemsis explainedbelow.
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An electric lighting systemhas a major impact on
sustainability.A sustainabilityapproachwill ensurethat
the needsof the presentgenerationare metwithout loss
or compromisingtheability offuture generationsto meet
their needs.Sustainabilitycan be practisedthrough
productdesignand by theselectionand useofsustainable
lighting solutions.Thesetechniquescan also bedescribed
.as,eco-designor designfor the environment.

. The ideal sustainabledesign is a lighting solution that
can continue forever. This can be achievedby using
products,processesor systemsthatcan bemanufactured,
used anddisposedindefinitely. The idealarrangementis
perpetualreusewithout wasteof energy,materialsor
emissions.

Eco-designis designingthe lighting solution with the
entirelife cycle in mind. The life cyclecoversthe whole
life of the productor system frommaterialacquisition,
material refining, manufacture,installation, use,
maintenanceand disposal.Employing life cycle
assessmentwill check the environmentalimpact of a
solutionthroughits life includingall thematerials,energy
andenvironmentallysignificantreleasesused andcreated
duringthe life cycle.

Design for environmentis mainly concernedwith the
designfor disassemblyand recycling at the endof the
useful lifeofthe lighting productor solution.

Observingthesethreeelementsof designwill yield the
highestsustainabilityof the selected,installed and
operatedlighting solutions.

3.14 EconomicsofServicing

3.14.1LampReplacement

The total lamp replacementcostscomprisethe cost of
lamps and thecostof labour involved including costof
ordering,stocking,installation,disposal,etc. Thelabour
costdependson the lampchangesystemadoptedand on
the inconvenienceinvolved. The alternativesare spot
replacementwhereeach failed lamp ischangedor group
replacementwhere all the lamps (failed or good) are
changedat some time that is less than theratedaverage
lamp life. However, in some projects a combined
spot/grouplamp replacementprogrammeis practiced. It
is very importantthatin placeswhere lossofa lamp may
lead todangerousworkingconditionsor unsafemovement
the failed lamp isreplacedimmediately.Installationof
luminaireswith morethanone lamp isleastaffectedby
random lamp failures.

The mosteconomicalsystem can beassessedasfollows:

Costofspot.replacementper lamp Cs is:

C, = L+S (4)
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where

I = percentageof rated lamp life at group
relampingintervaL

F = percentageof lamps failed at relamping
interval; and

(7)
-C ~ CT=__c + __c years
c, sc,

where

T =optimumcleaninginterval;

Cc = costof cleaningthe luminaireonce;

C
a
= annual cost of owning and operatingthe

luminairewithout cleaning;and

D= annual average rate of luminaire dirt
depreciation.Values aregivenin Table 13.

NOTES
C

c
- cost of cleaning includesthe cost of anycleaning

agent, special tool, platforms or equipmentand the
labour. The labour costs are also affected by the timing
at which the cleaning is done; during normal working
hours or inunsociablehours.
C. - cost of operating includes the amortized installation
cost (proportion of capital written off per year), the
annualenergycost (derived from energyused in kWh
x cost of energy per unit) and re1amping cost (cost of
lamps andreplacementlabour per annum).

It is importantto notethat thelampreplacementinterval
very much dependson the lamp burning hours. These
vary accordingto the working hours,shifts and lighting
managementoperatingin thepremises.Examplesofannual
burninghoursare givenin Table 4.

3.15 CleaningofLuminaires

The optimumintervalbetweencleaning(T) ofa luminaire
is reachedwhen the cost of the lost light output equals
the costof cleaning.

The optimumcleaningintervalT can bedeterminedfrom
the expression:

(5)

(6)

L = costoflamp; and

S= costof labour.

NOTE - Lamps may be bulkpurchasedand stored for

spot replacement.Also spares can bepart of the initial

schemepurchase.

C =L+B
g

L = costoflamp; and

B = costof labourfor groupreplacementperlamp.

CostofcombinedgroupandspotreplacementperlampCt

Costof groupreplacementper lamp C
g

where

where

If the goodlamps(keptaftergroupreplacement)areused
for subsequentspotreplacement,then [F.C/l] simplifies
to [F.S/ 1].

The economyof group replacementdependsheavily on
the lamp survival rate. Themore lampsthat survive the
replacementinterval, the fewer costly spotreplacements
are needed.

c:
1Il
.!!?o
~
c:
1Il
c:
E
.2
t=

Relative maintained
illuminance

20

100

Q)

.2 40ro
<iia::

~ 80

8c
~ 60
~
-:=

2 :3 4 5

Years

6 7 8 9

EquiIntervalMaintenanceProgramme

316 NATIONAL LIGHTING CODE



SP 72 : 2010

100

~8Q
Q)
o
c:
co
.s 60

~
Q)

~ 40co
(i)
c:::

20

Relative mainte.ined
~1----+---:~.......;:lIf~~-_---:~"""':::l&-...x~~ ......._-- . . . ; , , ; . ; ; . ; . , ; ; ; . ; ~

I urrunance

c c: c:
c c: c ro cro ro Q)ro ~ Q) ro ro 13 ro
Q) Q) Q) Q)

13 o U U 13 Q) U

s ~ Q) s Q) o Q)
c o o ~ oc: c: c cc ro ro :::Jro c ro ro ro

c 'E c: c: c Q.CI) c
'E 'E 'E 'E E E 'E
g g g .~ g J!lo g~e
(j)

"0 E ~ ~
~:'~

s:c
"... N (") ;:r. U) (0

2 3 4 5

Years

6 7 8 9 10

Fig.6 Variable"IntervalMaintenanceProgramme

Table 13 TypicalRateof Luminaire Dirt Depreciation
the First Year

(Clause3,15 andAnnexA)

Very clean 0.03 0.05 0.06 0.07 0.02 0.09 0.01

Clean 0.07 0.10 0.11 0.12 0.06 0.14 0.03

Normal 0.11 0.14 0.19 0.18 0.10 0.19 0.06

Dirty 0.17 0.17 0.28 0.23, 0.14 0.26 0.09

3.17 EquipmentandInstallation

In some situations leaving failed lamps in the circuit may
cause failureof other components. Thereplacementof
these components must bejudgedon the potential hazard

3.16 MaintenanceProgrammes

Each lighting scheme should be designed with an overall
maintenancefactor calculatedfor the selected lighting
.equipment,environmentand specifiedmaintenance
programmeorschedule.Themaintenanceprogrammeshould
include the lamp, luminaire and room surface cleaning
intervals,the frequencyoflamp replacementandthecleaning
method. The maintenance can be set for an equi or variable
intervalprogramme. The equi intervalprogramme defmes a
regular pattern for cleaning and servicing(seeFig. 5) whilst
in thevariable intervalmaintenanceprogrammethe cleaning
is carried out at uneven intervals(seeFig. 6). The variable
interval programme is particularly advantageouswhere the
initial and the energy cost of the lighting installationis high
but the. maintenance costs are low as it yields a slightly
higher maintenancefactor thanobtainedwith the equi
intervals method.

3.18 ServicingLighting Systems

It is important to schedule and plan in detail the access to
site, typeof cleaningequipmentrequiredand times when
servicingof the lighting installationsmay be made to
causeleast interruption in the workplace.However,
servicingof live lig~ting equip1?ent should be avoided.

3.19 Access

It is important that provision is made for accessto
luminaires for relamping and cleaning.Equipmentto help
in servicing is discussed in Annex A.

The maintenancestaffwill need to determine how to reach
the luminaire, that is,what equipmentwill be needed,
platforms, ladders, bridging, etc, and what furniture will
have to be moved or protected, such as desks,machinery
and display cases.It is vital to ensurethat access
equipmentis so locatedthat the operatorscan work
comfortably (avoid overreach)and safely on the
luminaires (work inside safety barriers), and have space
for temporaryplacementof parts and lamps.

3.19.1 Cleaning Luminaires

Extreme caution should beexercisedwhen cleaning all
surfaces. Some surfaces are very susceptible to abrasion

to the safeoperationof the installation.As lighting
technologyis constantlyadvancingthere are many
instanceswhere old installations,althoughoperating
safely, will benefit from new typesof lamps or optical
systems or even from changing the whole installation. In
these cases theinvestmentcan beestimatedagainst the
potentialsavings in energy cost and service cost. Another

.benefit could be the improvementsin the visual
environment,well-beingand productivity.

'Types of Luminaires (see Table 2)
BCD E 'F GEnvironmentA
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for example; polished(unanodized)aluminium is very
sensitive,as are some plastics, acrylic in particular.It is
vital to consultor read themanufacturer'sinstructionsto
ensurethat the correctmethodsare used for'handling
and cleaningthe products.

The maintenancestaffshouldexperimenton a small test
area with a method before starting the wholejob.

Themaintenancestaffshould take care in handling plastic
components,as with age they tend to getbrittle andbreak
easily. Dependingon the environmentand on the UV
emissionofthelight source, some plastics can yellow badly
and there is no successful wayofcleaning this and in such
casesreplacementof the part should be recommended.

Aluminium reflectors should be washedwith a warm, soapy
solution and rinsed thoroughly before being
air-dried. Plastic, opal or prismatic lensesshould be cleaned
with a damp cloth (using anon-ionicdetergentand water)
andtreatedwith antistatic polish orsprayand allowed to
dry.

Vitreous enamel, stove enamel and glass optics should be
wiped with a damp cloth using a lightconcentrationof
detergentin water.

Plasticor metal louvre(rectangularor square cell} optics
should be dippedin a warm water and non-ionicdetergent
solution and rinsed. Specularfinished (particularly plastic)
louvres are very difficult to clean and theirappearance
deterioratesover years of use. Therefore,they should
only be used whereair quality is very clean, such as new
office buildings,banks, etc.

3.19.2CleaningAgents

Choiceof cleaningmaterialsand methods isdetermined,
by the typeofdirt to be removed and the typeofmaterial
to be cleaned. In somecountriescertainproceduresand
cleaningagentsmay not bepermitted for use under
environmentalhealth regulations. It is always advisable
to consultthe authorities.

The first and mostcommonlyusedcleaningagent is a
dry chemical detergentwith additives in different
concentrationlevels that is used forgeneralcleaning.It is
an advantageto usecompoundsthat requireno rinsing
after the wash. For plastic materials a finaltreatmentwith
an antistaticsubstanceis recommended.

The second typeofcleaner is a heavy duty liquid cleaner
that maycontaindetergents, solvents and abrasives.It is
useful for the' removalof oily dirt found for examplein
auto garages, oily factories, etc. Thecleaningagent must
be tested on a sample surface to ensure that it does not
damagematerialsor leave deposits.

In some very heavy oilyapplicationsthe useof a high
pressuresteamcleaneris recommendedfor schemes that
have been designed with thiscleaningtechniquein mind.
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3.19.3Relamping

Lamps may bereplacedby a varietyof skilled people,
therefore,clear instructionwill be neededon how to
removethe lamps so as not to damage the lamp,holders
or any othercomponentsof the luminaire.

When new lamps are not being putintheluminaires after
the cleaningprocess,the old lampsshouldbe carefully
examined and any lamp showing age should bereplaced
at that time with the lampspecifiedby the designer.It is
also advisable toreplacethe glowstarterswitch in switch
start fluorescentlamp circuits, as aged starters may stay
stuck in the pre-startposition and continueto draw
cathodeheatingcurrentthat over a short periodof time
can damage the ballast.

Relampingwith new lampsshould be doneafter the
luminaire isclean anddry. Generallythe replacement lamps
should be only those that are recommendedby the
designerof the scheme. However,considerationshould
be given to the useof improvedlampsprovidedthey are
suitable for the luminaire and application and are
compatiblewith the circuit.Alwayscheckwiththe luminaire
manufactureror the schemedesigner,

4 OUTDOORUGHTING SYSI'EMS

4.1 General

The luminance/illuminance initially provided by a lighting
installation will decreasegraduallythroughoutthe lifeof
the installation. Several terms to describe the factor which
accountsfor this reductionhave been used. The term
maintenancefactor which is the more commonly
used andunderstoodterm is the ratioof the average
luminance/illuminance on the working plane after a certain
period of use of a lighting installationto the average
luminance/illuminance obtained under the same conditions
for the installation considered conventionally as new.

NOTE - The term depreciationfactor has been
formerly used to designate the' reciprocal of the above

.ratio,

The recommended parameters for lighting design are now
generallybasedon 'maintainedvalues'which are the
averageluminance/illuminanceat the'certainperiod'of
the abovedefinition when maintenance has to be carried
out.

Lighting systems have different maintenance
characteristicsand this should be oneof the important
assessments made in the early stagesof projectdesign.

This part discussesthe various influencing factors and
gives data based onpracticalsolutions which enable the
maintenancefactor for different types of systems and
environmentsto be derived. The derivedmaintenance
factor should beappliedto 'all formulae used for lighting
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schemecalculations,such asluminance/illuminanceon
areas or atpoints. Methods for estimatingeconomic
maintenanceperiods and advice on cleaning techniques
are also given.

The maintenanceof the mechanical fixtures supporting
the luminairesis also covered. This is.because in .most
outdoor situations this isof considerableimportanceto
the overall installationperformanceand quite often has
major safety factorsofitsown. Correct luminairealignment
is also animportantfactor in this aspectregardingboth.
task andenvironmentalconsiderations.

This part also provides a limited selectionof typical data
to allow the calculation methods to be explained. However,
to take advantageof the continuing developmentof
lighting products, up-to-date data should be obtained from
manufacturers. .

designedmaintenanceprogrammewill maintain the
required luminance/illuminance,reducecapital and
operating costs and run the system safely.It will ensure
satisfactory appearance, security and safety for the users.

However, even with a well designedand operated
maintenanceprogrammesomeloss of light level is
inevitable throughequipmentdeterioration. This loss has
to be estimated at the time the lighting scheme isplanned
and an allowance in the formofmaintenance factor should
be included in the scheme design calculations.

In outdoor lighting situations,surfaces other than the
walls and ceilingsof pedestrianor vehiculartunnels or
underpassesare notnormally within the controlof the
lighting maintenanceengineer. This part willtherefore
concentrate on that partof the installation which is under
control.

4.2 Need forMaintenance

All lighting schemes will deteriorateprogressivelyfrom
the momentthey are put into use. The losses are due to
the accu~ulation of dust and dirt on allexposedsurfaces
of lamps andluminaires,reducingthe transparencyor
reflecting power and to the decay in lamp lumen output
and failing lamps.

For the luminaires within theinstallationif this process is
unchecked, it will result in their light output falling to very
low values as shown in Fig..7 and the scheme becomes
poor and dangerous.As the decay in light output is
gradual, the loss may not be noticed immediately. But over
a periodoftimethis gradual reduction will cause problems
relevantto the tasks at hand.

Regularmaintenanceis therefore mostimportantfor an
effective lighting installation. The lighting systemshould
not only be cleanedcorrectly and thoroughly but the
cleaning should be carried out at regular intervals. A well

4.2.1 Influencing Factors

There are several factors which can reduce the light output.
These are grouped under non-recoverableand;
recoverabledepreciation.

Non-recoverable factors, such as ageing, are inherent in
the installationand its environment and cannotbe improved
during normal maintenanceor are uneconomicalto
overcome.At the specificationstageof a lighting
installation, these factorsshouldbe taken intoaccount
together with the planningofa maintenance programme.

If the influenceofother factors such as voltage, frequency,
temperature and ballast are permanent and significant, then
at the design stage the magnitude of these effects should
be estimated and an allowance similar to the maintenance
factor should be made in the calculations. The influenceof
random occurrences may be ignored, provided they do not
harm the operation of the lighting system.

Recoverable factorsof lamp lumen maintenance, lamp
survival and luminairemaintenancecan be made good
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* relates to value at anambienttemperatureof 25°C,
thereforechecklocation.

Table 14LampLumenMaintenanceFactors(LLMF)
(Clause4.3.1)

HPSV 0.98 0.97 0.94 0.91 0.90

MH 0.82 0.78 0.76 0.74 0.73

HPMV 0.87 0.83 0.80 0.78 0.76

LPSV 0.98 0.96 0.93 0.90 0.87

FTL*(Tph) 0.95 0.94 0.93 0.92 0.91
(Hph) 0.82 0.78 0.74 0.72 0.71

CFL* 0.91 0.88 0.86 0.85 0.84

4.3.2 Lamp Survival

Lamp survival factor is theprobabilityoflampscontinuing
to operatefor a giventime. Thesurvival ratedependson
lamp type andparticularly,in the caseofdischargelamps,
the wattage,frequencyof switching and theballasting
system.Failedlamps causereductionin illuminanceand
uniformity, but the effect can be minimized by spot
replacementof lamps. Table 15 showstypical examples.

Operatingtime (thousandsof hOUfS)
4 6 8 10 12Lamp type

'NOTE - The lamp abbreviationsgivenin the table relate
to the following lamps:
HPSV High Pressure Sodium
FTL Tubular fluorescent
MH Metal Halide
CFL Compact fluorescent
HPMV High Pressure Mercury
LPSV Low Pressure Sodium
Tph Triphosphor
Hph Halophosphate
For specificlamp data, themanufacturersmay beconsulted.

installationgeometryand theenvironment.For example,
areas vary as to theamountand typeof dirt in the air; the
amountofdirt in the centreof an industrialcity is greater
thanthat found in a ruralvillage. But the typeof dirt is
also important.

The dry dust from a stonequarry is very different from
the crop spray andinsectson a rural traffic route. It is
importantto be able torecognizethesevariationswhen
assessingluminairetypes andcleaningrequirements.

4.3.1 Lamp Lumen Maintenance

The output of all lamp decreasesduring use. The exact
rate, however,dependson the lamp type andballasting
system. The losses due to thiseffect.can bereducedby
more frequent lamp replacement,perhapsby group
replacement.

Table 14shows typical examples.It is thereforevery
importantto obtainup-to-datedata from themanufacturers
for estimatingthemaintenancefactor and themaintenance
programme,particularlywhenusinga new typeoflamp.

4.3 Analysis ofDepreciation

Severalfactors contributeto light losses and theeffect
and magnitudevary with the typeof lamp, luminaire, its

during routine maintenanceby relamping,cleaningand
replacementof components.

The valueof sucha maintenancep r o ~ a m m e is indicated
as anexamplein Fig.7. Clearly the depreciationin the
unmaintainedschemewill fall by around65percentofthe
initial value within 3 yearsand will continueto decline.
But by comprehensivecleaningthe declineis checkedat
under40 percentdepreciation.

Once thenon-recoverablereductionsby ageing orsoiling
have occurredthe installationcannotbe broughtbackto
their original condition and replacementof the outer

. glazingor even thecompleteluminairemaybenecessary.
This is the casewith luminairesif they are in say,dustyor
oily atmospheres.In such cases it is well worthconsidering
at thedesignstage,the useofsealedluminairesofhighIP
ratings,for example,IP 6X.

4.2.2 Inspection and Recording Intervals

A regularinspectionandperformancerecordingoflighting
installationsis advisableand isdiscussedfurther in 4.4.1
and 4.4.2.While having a cost, it may welleventually
result in cost savingsfrom a morerefinedmaintenance
requirementfor the environment'concerned.Such
inspectionsmay alsoleadto requiredadjustmentsin the
maintenanceprocedures,in orderto ensurethatminimum
requiredlighting performanceis maintainedat all times.

4.2.3 Cleaning Schedules and Environmental Pollution
Categories

A regularcleaningscheduleof lighting installations,of
both internal and external surfaces,is advisable,the
frequencyofwhichwill dependon:

a) Typeof environment;

b) Equipmentused; and

c) Designparameters.

In manycountriesluminairesareclassifiedby IP ratings
asperIS 12063,againsttheirability to deter theingressof
moistureand water. The firstintegerindicatestheparticle
size that is, fine dust or large grit, thehigherthe number,
the smallerthe particle.The secondintegerindicatesthe
degreeof protectionto moisture from indirect spray
throughhigh pressurejet to total immersion.The higher
the number,the betterthe seal.

The opticalcompartmentsof luminairesused inmedium
or high pollution environmentsshouldbe of a rating of
IP4X or higher.
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Table 15LampSurvivalFactors(LSF)
(Clause 4.3.2)

Table 16LuminaireMaintenanceFactors(LMF)
(Clause 4.3.3)

NOTE - The lamp abbreviations given in the table relate
to the following lamps:
HPSV High Pressure Sodium
FTL Tubular fluorescent
MH Metal Halide
CFL Compactfluorescent
HPMV High Pressure Mercury
LPSV Low Pressure Sodium
Tph Triphosphor
Hph Halophosphate
For specific lampdata, the manufacturers may be consulted.

4.3.3.1 Definition ofpollution categories

a) Low --.- No nearbysmokeor dust generating
activities and a low ambientcontaminantlevel. Light
traffic. Generallylimited to residentialor rural areas.
The ambientparticulatelevel is no more than 150
microgramsper cubic metre;

b) Medium - Moderatesmoke or dustgenerating
activities nearby.Moderateto heavy traffic. The
ambientparticulatelevel is no more than 600
microgramsper cubic metre; and

c)High ,-Smoke or dust plumes generated by nearby
activities arecommonlyenvelopingtheluminaires.

4.3.4 LongTermDepreciationofReflectorandDiffuser
Materials

4.3.4.1 Outerglazing- refractors anddiffusers

a) Glass

Glass is easily cleanedto restore the original finish.

A lack oflongterm cleaning can lead tosurfaces
being more difficult to restore,especially
prismatic surfaces.In extremecasessurface
damage may result (for example, etching).

Lack of cleaningleads toreducedlight output
andchangein the light distributionby diffusion
of the light, resultingin reducedlighting levels
and degradeddistribution;

b) Plastics - Acrylic (PMMA - Polymethyl
Methacrylate)and Polycarbonate(PC)

Degradation is generally from dirt and
atmosphericcontaminants,andmaterialageing.
Inappropriateuse orexposureto solventscan
producerapiddegradationas the plastic structure
is attacked.

Regularcleaningwith mild detergentandwater
will restoreclarity. Intensegrime shouldbe
removedwith white spirit or other cleaners
specifically formulated forPMMA or PC, and
rinsedwell. Abrasivesandscourerswill damage
the surface and add diffusion.

Adhesivesused inconstructionor fixing must
be compatibleotherwisedegradation(short to
long term)may occur;

Acrylic

Performswell in the presenceof UV. Over the
long term(ofthe order 10years +) the plastic will
havebegunto deteriorate by crazing with gradual
loss of strength.The componentshouldbe
regardedas areplaceableitem.

Theprincipaldrawbackis its relativebrittleness,
lack of impact resistance,where vandalismfor

Exposuretime (years)

1.0 1.5 2.0 2.5 3.0

High 0.53 0.48 0.45 0.43 .0.42

Medium 0.62 0.58 0.56 0.54 0.53

Low 0.82 0.&0 0.79 0.78 0.78
c)

fligh 0.89 0.87 0.84 0.80 0.76

Medium 0.90 0.88 0.86 0.84 0.82

Low 0.92 0.91 0.90 0.89 0.88

High 0.91 0.90 0.88 0.85 0.83

Medium 0.92 0.91 0.89 0.88 0.87

Low 0.93 0.92 0.91 0.90 0.90

Operatingtime (thousandsof hours)
Lamp type 4 6 8 10 12

HPSV 0.98 0.96 0.94 0.92 0.89

MH 0.98 0.97 0.94 0.92 0.88

HPMV 0.93 0.91 0.87 0.82 0.76

LPSV 0.92 0.86 0.80 0.74 0.62

FTL (Tph) 0.99 0.99 0.99 0.98 0.96
(Hph) 0.99 0.98 0.93 0.86 0.70

CFL 0.98 0.94 0.90 0.78 0.50

IP2X

Optical Pollution
compartmentCategory
IP Rating

IP6X

IP5X

4.3.3 Dirt on Lampsand Luminaires

Dirt on lamps andluminaireswill generallycause the
greatestloss of light. The amountof light loss depends
on the nature and densityofairborne dirt, luminaire design
and lamp type. Dirtaccumulationon reflectingsurfaces
can be minimized by sealing the lampcompartmentagainst
the entryof dust and moisture.Significantbenefitscan
beobtainedwith the luminaire opticalcompartmentsealed
to at least IP5X protection. Table 16 shows typical data
for a rangeof luminaires.
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example,may be aproblem,althoughtoughened
versionsthat improve this characteristicare
available;and

d) Polycarbonate

The principal advantageover PMMA is its
(initially) higher strengthand resistanceto
impact. However,the materialdegradesin the
presenceo f ~ daylight, and UV emitting lamps.
The effect is acceleratedby temperature.It is
importantthereforeto keepthe materialservice
temperaturebelow around 90°C to 100°C,
particularlywhen UV ispresent(for examp Ie, by
ensuringthe lampwattageused in theluminaire
is limited appropriately).Thedegradationcan be
rapid so thematerialis normallyprotectedby UV
absorbers,eitheradditivesintegralwith the raw
materialor appliedas asurfacetreatment.These
absorbersare used upgraduallyand onlydelay
degradation,but normallyallow a servicelife of
severalyears.:

Degradationresults in embrittlement,loss of
strengthand impact resistance,yellowing and
lossoflight transmission.Thecomponentshould
be regardedas areplaceablecomponent.

Opalpolycarbonateis usuallymoresusceptible
to UV as thediffusing additivecan increasethe
radiation absorbed.SurfaceUV absorber
treatmentis particularlyrecommended.

Cleaningis asabove,butPC issofterthan acrylic
and has apoor resistanceto abrasion.

4.3.4.2 Reflectors

_ a) Aluminium

Thereflectingsurfaceofaluminiumwill degrade
by o-xidationunlessprotected.Theusualmethod
is by anodizing(a controlled sealedoxide
surface), eitherperformedas aseparateoperation
after the reflector is formed, or as atreatment
during the productionof the aluminium sheet.
The film thicknesscan typically be from
1micronto ~5 micronthick, the thickerthe film,
the more protection it gives, but the more it
diffusesthe finish. Lighting gradeshaveanodic
films oftypically around2 micronto 3micronto
balanceccrrosionresistancewith a wide range
ofhigh reflectancesurfacefinishes. '

Exposureto a moist atmosphere"will lead to
surfacepitting and"a gradual reduction in
reflectanceandspecularity.Dirt ingress will also
lead to significant loss of reflectanceand
specularitywith consequentlossof light output
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and degradationof the shapeof the light
distribution, leadingto poorer light levels and
uniformity for example.Protectioninside a sealed
enclosureis necessaryfor an acceptablelife.
Cleaningis thenlargelyunnecessary.Ifcleaning
is necessary,low surfacetensionwater with a
specialbondedfibre fabric or chamoisleather,
can be used;

. b) Metallisedplastic

Protectionis usuallybylacqueringthe aluminium
surface,applying the lacquerby sprayingand
thencuringit by heat. The lacquer mayeventually
degradeto someextentby yellowing. Operating
at too high a temperature(by excessivelamp
wattagefor example)will acceleratedegradation
and may also damagethe bond betweenthe
metallisedcoatingand thesubstrate.

Cleaning,if necessary,shouldbe gentlewithout
abrasivesor solventsto avoid damagingthe
protectivelacquer. In asealedfitting this should
be unnecessary;and. .

c) Glass

Silvered glass is little used now except in
specializedapplications.The backingon the
reflecting surfaceprotectsthe silver from
oxidation;the edges arevulnerableto degradation
from moistllre, particularly marine, and using such
reflectorswithin a sealed luminaire isappropriate.
Cleaningthe glass willmaintainthe reflective
propertiesprovidingcare istakennot todamage
the protectivebacking.

4.3.5 Dirt on Light Reflecting Surfaces; for example,
Arcades, Tunnels and Underpasses

Dirt on structural surfacestendsto reducethe amountof
interreflectedlight which, in bothpedestrianandvehicular
tunnelsand underpasses,playsan importantpart in the
visual scene.Structuralproportionsand thedistribution
of light from luminairesdeterminesthe amountof light
whichstrikesthewalls andceiling. Regularmaintenance
of all reflecting surfacesis advisablein ali such
installations.Clean surfaceswill- also maintain the
luminancebalancein the environment.

4.3.6 Corrosionof Luminaire Supports

While recognizingthat m o ~ t ,supports arechosenfor their
designstrengths,aestheticfactorsandoverall suitability,
it mustbe recognizedthatduring the life of a structure,
periodicmaintenancemay benecessary.

In general,modemsupportshavebeenprotectedagainst
corrosion. However, the problemsof environmental
degradationandaccidentaldamage cansignificantlyaffect
the life andthereforetheir structuralintegrity.
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(9)

(10)

Hours/year

8 760

4 200

2 600

1 300

208

Installation

Continuous

All Night (Sunset to sunrise)

Sunset to 24:00 hr

Sunset to 22: (5nights/week)

4 hrs/week

C =C +FC
t g s

Where, F = fractionof lamps failed andreplacedprior to
therelampinginterval.

NOTE - Lamps may be bulkpurchasedand stored for
spot replacement.Also sparescan be part of initial
schemepurchase.

Costof group replacementpersocketC
g
is:

C =L+B+E+D
g

where

L = costof lamp;

S = costof labour(including initial sightingcosts);

B = costof labourfor group replacementper lamp;

E = costof accessequipment;and

D = costof disposal.

Costof combinedgroup and spotreplacementper socket
Ctis:

lamp life. In mostprojectsa combinedspot/grouplamp
replacementprogrammeis practised.It is very important
that in placeswhere loss of a lamp may lead tounsafe
movementsthat the failed lamp isreplacedimmediately.
Installationof multi lamp luminairesare leastaffectedby
randomlamp failures.

With lamp lumendepreciation,it can alsobecomea waste
ofenergyresourcesto operatelamps well past their most
efficientlife cycle.

Costs can beassessedas follows:

Costof spot replacementper socketC, is:

C = L + S + E + D (8)
s

If the good lamps (that is, thosewhich were recovered
during group replacement)areusedfor subsequentspot
replacement,then FC

s
simplifies to FS.

The economyof group replacementdependson lamp
lumen depreciationand heavily on survival rates. The
more lamps that survive the replacementinterval, the
fewer costly spot replacementsare needed.

It is important to note that lampreplacementintervals
very muchdependon the lampoperatinghours.Examples
of annualburninghours aregiven in Table 17.

Table17Examplesof TypicalAnimalLamp
OperatingHours

(Clause4.4.1)

A regularprogrammeofinspectionsshould be made where
visual and possibly electronicstudiesare recordedto
ensure thatappropriateremedialaction is taken in advance
of any structuraldecay. Particularattentionshouldbe
paidto weldedsteelstructures,to plantedsteelstructures
and to internal surfaceswhere corrosionmay go
undetected.Woodensupportscan beequally susceptible
to damage fromvehiclesand inspectionsshould be made
at frequencies which coincide with electrical and luminaire
maintenancevisits and correctiveaction taken where
appropriate.

4.4 EconomicsofServicing

During the designof a lighting installation it is often
possibleto choosecomponents,systemsand finishes
that will resultin themaintenancebeing kept to a minimum.

a) Choosing luminaires in which the optical
compartmentis easy to cleanand/orhas a high
IP rating;

b) Reducingthe numberof variantson a scheme;

c) Usingluminaireshaving fewcomponentswhich,
whenrequiringservice, can be easilyhandledor
removedfor off-site servicing;and

d) Where applicable,recommendingsurface fmishes
that remainclean for longperiodsand are easily
cleanable.

Other ways thedesignercan help themaintenanceand
thus improvethe effectivenessof maintenanceare:

a) Planningfor easeof maintenance,considering
access,types of tools neededfor servicing,
ensuringavailability of spare lamps, optics or
evenluminaires.Early liaisonwith maintenance
engineers to ensure understanding of
requirements and procedures is also
advantageous;

"b) Preparing a comprehensivemaintenance
schedulewith instructions;

c) Organizingeffective information feedbackof
mistakes,failures ordifficulties andusingthese
to avoid a repetitionin future projects;and

d) Usingconcreteplinths that keep steelstructures
away from thecorrosiveeffectsof the ground.

4.4.1 LampReplacement

The total lampreplacementcosts comprisethe costof
lamps and the costof labourinvolved, including cost of
ordering,stocking,installation,disposal,etc. The .labour
cost depends on the lampchangesystemadoptedand on
theaccessibilityoftheluminaire.Thealternativesare spot
replacementw h ~ r e each failed lamp ischangedor group
replacementwhere all the lamps (failed or good) are
changedat some timewhich is less than the ratedaverage
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4.4.2 Cleaningof Luminaires

The optimumcleaninginterval T for a luminaire is reached
whenthe costof the lost lightoutputequalsthe costof
cleaning.

TheoptimumcleaningintervalT can bedeterminedfrom
the expression:

(11)

where

T =optimumcleaninginterval;

Cc = costofcleaningthe luminaireonce;

C
a

= annualcost of owning and operatingthe
luminairewithoutcleaning;and

LMF (1) = first year rate of luminaire maintenance
factor.Valuesare given inTable 16 Column 3.

NOTES
1. c. - costof cleaning includes the costof any cleaning

agent, special tool, platformsor equipment and the labour.
The labour costs may also be affected by the timing at
which the cleaning is done (during normal working
hours or not).

2. C. - cost of operating includes the amortization
installationcost (proportionof capital written off per
year), the annual energy cost (derived from energy used
in kWh x costof energy per unit) and relamping cost
(costoflampsand replacement labour per annum).

4.4.3 Luminaire Supports

In many outdoorlighting installations,particularlyroad
lighting, the care and maintenanceof the luminaire
supportsis an importantpart of the overallmaintenance
responsibility.

For fixed poles, towers or wall brackets,frequent
inspectionsand paintingwill be necessary,togetherwith
occasionalmonitoringof belowgroundconditions.

For structuresover 20yearsold, thoughtshouldbe given
to overall structuralstability'and to eventual,planned
replacement.

Where hingedor winchedpolesor masts areinstalled,
regularinspectionof the ropesand pulleysby a special
competentp ~ r s o n shouldbe included.The cleaningand
lubrication of all moving parts should be a partof the
routinemaintenanceschedule. '

Where the accuratealignmentof luminaires is of task
and/or environmentalimportance,this too should be
checkedand correctedas necessary.

4.4.4 Electrical Components

Any electricalinstallationis apotentialsafetyhazardand
its regularinspection,maintenanceandtestingis ofgreat
importance,which in manycountriesis requiredby law.
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The replacementof any componentsmust bejudgedon
the potential hazardto the safe operationof the
installation.As lighting technologyis constantlymaking
advancements,there are many instanceswhere old
installations,althoughoperatingsafely, will benefitfrom
newtypesoflampsor controlsystemsoreventhe-ehange
of the whole installation.In these cases theinvestment
can beestimatedagainstthe potentialsavingsin energy
cost and servicecost. Another benefit could be in the
improvementsin the visualenvironment.

In somesituationsthe groupreplacementofphotoelectric
control units (PECD's)may be consideredbeneficial,
especiallywhencombinedwith a group lampchange.

4.4.5 Monitoring and Patrolling for Lighting Defects

As forms of remotemonitoring of lighting schemes
becomemorepracticable,and theirrelativeexpensemore
costeffective,simplepatrollingis likely to declinein use.

However,the costbenefitof remotemonitoringor direct
patrollingfor lighting defects is difficult to assess. In cases
where nonillumination is amajorsafety risk thenroutine
monitoring or patrolling is a necessity.In other cases
where itcouldbe interpretedas moreofapublic relations

. exercise,then other factors must beconsideredsuch as
encouragingthe publicto notify the authorityconcerned.
A very effectivemethodis toestablisha toll freetelephone
numberor prepaidpostcardfor the public to use.The
local police and/orsecurityforces can also be asked to
help in thisrespect.However,for this to work, it is even
more importantto have aclearand simpleidentification
system for thevariouslighting points.

An exampleofhow toestablishtheoptimumfrequencyof
professionalpatrollingfor lighting defects in road lighting
installationsis given in AnnexB.

4.4.6 ObstructionofLight byTrees

Tree branchesandfoliagecanposeacontinuingproblem
. in achievingproperoutdoorlighting. Periodictrimmingof
treesbecomesessential. Field personnel must workclosely
with forestryorganizationsandpropertyowners to achieve
lighting requirementswith minimum visual and
horticulturaldamageto the trees.

In road lighting, the presenceoflow overhangingfoliage
may seriouslyobstructthe light deliveredto the road as
well as impedetraffic movement.Judiciouspruningcan
reduceor eliminate the screeningeffect. There are
instanceswhere pruning increasesthe averagelighting
effectivenessby approximately one third, and
approximatelydoublesthe lighting effectivenessin the
critical areasoflow visibility.

4.5 MaintenanceFactor

In any lighting design calculation an appropriate
maintenancefactor has to be included to allow for
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By calculating the maintenancefactor for different
luminairesand environmentalconditions,andtaking into

accountthe proposedmaintenanceschedule,it is possible
to predictthepatternof illuminancein an installationover
a periodoftime.

Themaintenancefactor is a multiple of factors.

Maintenancefactor

MF= LLMFxLSFxLMF (x SMF)* (13)

* Whereappropriate(for examplepedestriansubways);

Where

depreciation.The magnitudeof the maintenancefactor
can significantlyaffect the lamp wattageand numberof
luminairesneededto producethe specifiedluminanceand
illuminance.High maintenancefactorsare beneficialfor
achievingthe bestsafety levels and can beachievedby
careful choice of equipmentand electing to clean the
installationmorefrequently.

Maintenancefactor is defined as the ratio of luminance
and illuminanceproducedby the !ighting systemafter a
certainperiodto the luminanceand illuminanceproduced
by the systemwhen new.

Maintenancefactor:

Step 6

Step7

ObtainLLMFfromTable 14 for periodestablished
in Step2.

ObtainLSFfromTable15(ifapplicable).

Determinecleaning interval of luminairesand
surroundingsurfacesif applicable(seeTable2).

From an assessmentof the luminaire IP rating,
environmentalpollution categoryand cleaning
interval from step 5, obtaintheLMFfromTable 16.

ObtainSMFfromTable9 to 11(TablesofRoom
Surface MaintenanceFactor) for period
establishedin Step5 (ifapplicable).

CalculateMF=LLMFxLSFxLMF(xSMF)*.

* If applicable.Calculatemaintenancefactor to
not morethantwo significantfigures.

It is advisableto repeatSteps1 to 7, byadjusting
the various components.so that a range of
maintenanceprogrammeoptionsareconsidered
at the initial designstage.

4.6 ServicingLighting Systems

4.6.1 SafetyofPersonnel

Certain proceduresand cleaning agentsmay not be
permittedfor useunderenvironmentalhealthregulations.
It is alwaysadvisableto consultthe authorities.

Servicing live lighting equipmentshould be avoided if
possibleand if necessary,only carriedout by well trained
persons.

4.6.2 Access

Step 9

Step8

Step 4

Step5

Step 3

(12)MF= E /E.
m In

Where

Em = maintainedluminance/illuminance;and

E. = initial luminance/illuminance.
In

4.5.1 DeterminationofMaintenance Factor

Themagnitudeofeachof thesefactorsvarieswith lamp,
luminaire,environmentandtime.

For an accurateassessmentof LLMF, the manufacturer's
data should be used. However, sometypical data are
shownin Tables14.

For an accurateassessmentof LSF, the manufacturer's
data should be used. However, some typical data are
shownin Tables15.

For LMF, considerableresearchhas been done with
referenceto the degreeof sealing(that is, IP rating) of
luminaireswhich is shownin Table16.

The total maintenancefactor can bedeterminedby the
following step-by-stepprocedure.

Step 1 Selectlamp andluminairefor the application.

Step 2 Determinegroupreplacementinterval of lamps
(ifapplicable)(seeTable17).

LLMF =

LSF

LMF

SMF

lamp lumenmaintenancefactor;

lamp survival factor;

luminairemaintenancefactor; and

surfacemaintenancefactor.

It is important that provision is made for accessto
luminairesfor relampingandcleaning.Equipmentto help
in servicingis discussedin B-3.

The maintenanceengineerswill needto determinehow
to get at theluminaire, that is, what equipmentwill be
needed;hydraulic platforms, staging, ladders,safety
harnesses,etc, andwhetherthe generalpublic will have
to beprotected.It is vital to ensurethataccessequipment
is so locatedthatthe operatorscanwork comfortablyand
safelyon the luminaires.Their armsshouldnot be fully
stretchedand all vehicles should have suitablesafety
coning arrangements.

4.6.3 Cleaning Luminaires

Extremecaution should be exercisedwhen cleaningall
surfaces.Somesurfacesare very susceptibleto abrasion
for example,polished (unanodized)aluminium is very
sensitive,as aresomeplastics,acrylic and polycarbonate
in particular.

Themaintenanceengineersshouldexperimenton asmall
testareawith a methodbeforestartingthe wholejob.

The maintenanceengineersshouldbe instructedto take
care in handlingplastics,as theytend to get brittle with
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age. Dependingon the actualmaterial,the environment
andattitudeofthesite (higherattitudeshavean increased
ultravioletcontent),the light sourceand thetemperature
at whichthe unit operates,plasticsmay alsoyellow badly
and will needto bereplaced.

Aluminium reflectorsshould be washed with a warm, soapy
solution and rinsed thoroughly before being air-dried.
Plasticopal or prismaticlensesshouldbe cleanedwith a
damp cloth (using non-ionic detergentand water) and
treatedwith antistaticpolishor sprayandallowedto dry.
Vitreousenamel,stoveenameland glassopticsshouldbe
wiped with a damp cloth using a light concentrationof
detergentin water.

Care should be taken not to seal upluminairesbefore
theyare totally dry.

4.6.4 CleaningAgents

Choiceof cleaningmaterialsand methodsis determined
by the typeof dirt to be cleanedand the typeof material
to becleaned.For plasticmaterialsa final treatmentwith
antistaticsubstanceis recommended.

a) General cleaning - The first and most
commonly used is achemical detergentwith
additivesin different concentrationlevels. It is
an advantageto usecompoundsthat requireno
rinsing after the wash;

b) Heavy dutycleaningof oil concentrations-
Thesecondtype ofcleaneris aheavyduty liquid
cleanerwhich may containdetergents,solvents
andabrasives.It is usefulfor the removalofoily
dirt. Thesemustbe testedto ensurethattheydo
not damagematerialsor leavedeposits;

c) Excessive oily industrial conditions- In some
very heavy oily applications,such as road
tunnels,the useofa high pressuresteamcleaner
is practical, providedthe installationhas been
designedwith this cleaningtechniquein mind;
and

d) Ultrasoniccleaning- This is asystemin which
the items to becleanedare normally removed
from the site andplacedwithin special tanks
containingthe cleaning liquid and aseriesof
transducers.Thesetransducersproducesound
wavesthat in turn createmicroscopicbubbles
that provide an intensecleaningaction over a
smallarea.Normalcleaningtimesvarybetween
2-10 minutes.Ifthe item isextremelydirty a pre-
cleanmay benecessaryand rinsing afterwards
is alsorequired. Its main use is in thecleaningof
glassrefractorbowls. Careneedsto betakento
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ensurethat this systemdoes not damagethe
materialsbeingcleaned.

4.6.5 Relamping

The maintenancepersonnelwill requireinstructionon the
removalof the lamps so as not todamagethe socketsor
anycomponentsofthe luminaire in any way.

Ifthe aiming positionofthe luminairehas to bedisturbed,
care must be taken to note and mark itsoriginalpositionso
that this can beresetwhen therelampinghas beencarried
out.

When new lamps are notbeingput in theluminairesafter
the cleaningprocess,the old lampsshould be carefully
examinedand any lampshowingage should bereplacedat
that time with the lampspecifiedby the designer.Lamps
must bereplacedwith care so that nodamageis causedto
the luminaire.

Relampingwith new lamps should be done after the
luminaire has been cleaned. Generally the replacement lamps
shouldbe onlythosethat arerecommendedby thedesign
of the scheme.However,considerationshouldbe given to
potentialuseof improvedlamps andcontrolgear, but their
suitability for the luminaire and application must be checked
with the installationdesigner.

4.6.6 Equipment Disposal

4.6.6.1 Disposaloflamps

Uncontrolledbreakageor crushingshould be avoided
wheneverpossibleand incinerationis not arecommended
disposalroute. However, the produceror subsequent
managerofthe waste mayundertakethe crushingof lamps
to reducebulk or allow materialsrecovery.If recyclingis
not an option,discardedlamps may bedisposedofthrough
a landfill at suitably licensed andcontainedsites.

Low pressuresodiumlampscontainsodium metal, which
reactswith water. Hazardsto be consideredare the
potentially corrosivesodiumhydroxide solution and the
extremelyflammableand explosivehydrogengas,which
result from thereactionbetweensodium with water.These
lamps should be broken and reactedwith water under
controlled conditionsprior to disposal in the following
manner.

Working in a dryatmospherenot more than 20 lamps should
be carefully broken into a large dry container.Whenthe
containeris not more than onequarterfull of lamp debris,
theoperatorshouldfill it with water from a distance, that is,
by the useof ahose,The waterwill react with thesodium
and may bedisposedof as a weakcausticsodasolution
and the glass debris as a controlled waste. These
instructionsaresuppliedwith each individual lamp. Again,
the breakingof lamps should only be carried out under
controlled and approvedconditionsafter carrying out a
full risk assessment.
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ANNEXA
(Clause 3.19)

MAINTENANCE FACTOR,CLEANING INTERVAL AND
MAINTENANCE EQUIPMENT

A-2 Example of Luminaire Cleaning Interval
Estimation

A-I ExampleofMaintenanceFactorEstimation

Site :factoryassemblingtelevision receivers
on the outskirtsof a largecity

Size :large open area having normal
environment

Finishes : 70/30/20% reflectanceofceiling/wallsl
floor respectively

Lighting system:slottedtop white metal reflector using
triphosphorfluorescentlamps

Operation conditions:

Burning hours : 4000hrs peryearwith spotchangesof
failed lamps

Maintenance : cleaningand relamp every two years
schedule

FromTable5 LLMF:::= 0.90 for 8000hoursofreplacement
time LSF=l.OO(as spotchangeis practised)

From Table7 LMF = 0.80for two yearlycleaningoftype
B luminaire .

From Table_9 RSMF= 0.93 for 6 yearlycleaningofsurfaces
MF =0.90x1.00xO.80xO.93=0.669=0.67

If cleaningis carriedout annually,the LMF = 0.86 and
MF= 0.90X 1.00X 0.86X 0.93 = 0.72

This makesthe installation7 percentmoreefficient. This
will result in over 7 percentsaving in the lighting
installation size and the energy consumedwhilst
maintainingthe designilluminance.

NOTES
1. To achieve a specified maintained illuminance various

maintenanceschedulescan beconsideredand the
appropriate factors obtained from the data. All factors
relate initial to maintained conditions.

2. It is common practice to carry out lamp change and
cleaningat thesametimebutcleaningoflamp andluminaire
betweenrelampingmay bebeneficial in dirty locationsor
when a longer lampreplacementperiod is used.

3. Luminaire MaintenanceFactor and Room Surface
MaintenanceFactorare notrelatedto lampburninghours.

NOTE - All costs are in relative terms. It is important
to use real costs based on local circumstances.

3 2x3
T=---+ 1----=-0.123+1.328=1.2 years

24.3 0.14 x 24.3

3 years

0.05 (This should
includeportionofthe
maximum demand
costif applicable.)

10years

10 perluminaire

3 perluminaire

0.5 per luminaire

72 W (circuit)

3000

100

= 0.14

Theseluminairesshouldbe cleanednot later thanat 14
month intervals. In practiceannualcleaningshould be
practicedwith lampsreplacedafter3 years.

10+0.5
Annual relamp cost=---=3.5

3

andC =10+3.5+10.8=24.3
a

The optimizedcleaningintervalT is givenby

-C PfCT =_c_+ _c_years
Co I1.Co

72x300x0.5
Annual energy cost= 10.8

1000

100
Annual installation cost= - = 10. 10

Costofcleaningthe luminaireonce= Cc = 3

Costof owning and operating
the installationperyear = C

a

This includesannualenergycost, amortizedinstallation
cost per year (including intereston capital) and total
relampingcostper year.

Dirt depreciationfactorfor
Type Bluminairein normal
environment(Tab Ie 13)

Installedluminairecost

Life ofluminaire

Lamp cost

Cleaningcost

Relampcost

Luminairepowerdemand

Lamp burninghoursperyear

Relampingintervals

Unit energy cost

1 200 mm x 300 mm low
brightnessreflector recessed
troffer using two T8 1 200 mm
36 W nominal ratedfluorescent
tubes operating on high
frequencyballast. (The total
luminaire power demandis
72W).

Lighting system
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A-3 Equipmentfor Maintenance

Time, labour andexpenseofmaintaininga lighting system
can be greatly reducedby choosingmaintenance
equipmentwith featuresmostsuitableto therequirements
of eachsystem.Many different kinds of maintenance
devicesare availableto facilitate the cleaningtask. The
choiceof equipmentwill dependon severalfactorssuch
as mountingheight,size of area, sizeof doors, lifts and
stairs leadingto area,accessibilityof lighting units and
obstaclesin the area. Someofthe most commonly available
maintenanceequipmentis given in A-3.1 to A-3.10.

A-3.1 Ladders

Laddersare often used inlighting maintenancebecause
their low weight, low cost and simplicity make them
desirablefor simplemaintenancetasks.However,safety
and mobility restrictionslimit their use in some cases.

A-3.2 Scaffolding

Portablescaffolding generallyhas greatersafety and
mobility than ladders.Moreequipmentcan becarriedand
the maintenanceman has a firmplatform from which to
work. In general,scaffolds should be light, sturdy,
adjustable,mobile, and easy toassembleand dismantle.

Specialrequirementsoftendictatethe typeofscaffolding
which can be used, forexample,for mountingon uneven
surfacesor for clearanceof obstaclessuch astablesor
machines.

A-3.3 TelescopicScaffolding

The telescopicscaffold provides a quick meansfor
reaching lighting equipmentat a variety of mounting
heights.This equipmentcomesin varioussizes that have
platformswhich can be raised and lowered either manually
or electrically.

A-3.4 Lift Truck or Hoist

Oftenthequickestandmostefficientmaintenancedevice
is the lift truckor hoist. Althoughtherearedifferenttypes
availablethe methodof operatingis basicallythe same.
Theplatformcan beraisedor loweredautomaticallyand,
in sometypes,the truck can bedriven from theplatform.
While the initial investmentfor such equipmentis high,
the maintenancesavingscan be largeenoughto make
this viable. Checkthatthe devicecanenterthe area.

A-3.5 DisconnectingHangers (raising and lowering
devices)

Disconnectinghangerslower lighting units to a
convenientwork level, enablingthe worker to maintain
themwith aminimumofequipment.When alighting unit
is raised into place, the hangerpositionsthe unit and
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makes the proper electrical circuit connection
automatically.An additionalsafetyfeatureofthis typeof
device is that the electricalcircuit is disconnectedwhen
the luminaire is lowered. However, installation and
maintenanceofwinches,pulleysand line can be amajor
item.

A-3.6 Lamp Changers

Spotlamp replacementcanoftenbesimplified by the use
of lamp changers.By gripping the lamps either
mechanicallyor with air pressure,as in avacuumtype,
the lampchangercan be used to remove and replace lamps.

A-3.7 Catwalks, Cranes, Cages, etc.

Lighting maintenancecan beincorporatedas anintegral
part of the lighting system.This can beaccomplishedin
many ways.Luminairescan bemaintainedfrom catwalks,
cranesor maintenancecages.The catwalks and
maintenancecagescan beinstalledalongsideeach row
of lighting units sothat maintenancecan beperformed
from themwith safety, speed andefficiency.

A-3.8 Vacuum CleanersandBlowers

A bloweror vacuumcleaneris sometimesused toremove
dust from lighting units. While someof the dirt can be
removedin this way, the units still have to bewashedat
some time. The periodic useofa vacuum cleaner or blower
can,however,prolongthe cleaninginterval.

A-3.9 Wash Tanks

It is desirableto have awashtank specificallydesigned
for lighting maintenance.Tanks shouldhave both wash
and rinsesectionsand be thepropersize for theluminaire
parts to be washed.Heating units, mounted in each
section,aregenerallydesirable.Louvresor reflectorscan
be set on a rack to drip dry afterwashingand rinsing
while another unit is being cleaned. Special cleaning tanks
have beendesignedfor fluorescentluminaire parts and
for flexible typesofceilingpanels.

NOTE - After cleaning plastic luminaires or optics
they will need antistatic treatmentto avoid build up of
static charges.

A-3.10 Ultrasonic Cleaning

This methodremovesforeign matter from metals, plastics,
glass, etc, by the useof high frequencysoundwaves.
Basic equipmentconsistsof a generator,a transducer,
and a suitable tank. The generatorproduceshigh
frequencyelectrical energywhich the tank mounted
transducerconvertsto high frequencysoundwavesthat
travel throughthe cleaningsolutions.Thesewaves cause
a cavitationseffect, that is, theformationof bubblesthat
grow in size and thenviolently collapse,thus creatinga
scrubbingaction. Thiseffectively removesdirt from the
materialimmersedin the solution.
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ANNEXB

(Clauses4.4.5and4.6.2)

PATROLVIABILITY, MAINTENANCE FACTOR AND EQUIPMENT

c) Socialcost factor (SCF)

b) Repaircost perluminaireper period=

Cost perday % outage per period
Luminaires repairedper day x 100 (15)

(17)

%Burninghours inperiod
AnnualCost x------:::'-------:--

100

x Avg. Outagetimein weeks x_%_O_u_ta=..ge_i_np,-e_Yl_'o_d
No.weeksin period 100

Luminairecostperoutageperperiod

From Table 16, LMF = 0.87 for threeyearly cleaningof
IP 65 luminaire.

Therefore:MF= 0.90 x 0.87= 0.783= 0.78

If cleaningis carriedout annually, theLMF= 0.92 andMF
= 0.90x 0.92= 0.828= 0.83. This makesthe installation
5 percentmore efficient. This could result inover5 percent
saving in the lighting installation size and the energy
consumedwhile maintainingthe designedilluminance.

NOTES
1. To achieve aspecifiedmaintainedilluminancevarious

'maintenanceschedulescan be consideredand the
appropriatefactors obtained from the data. All
factors relate initial to maintainedconditions.

NOTES
1. Period usuallysummeror winter, but could be whole

year or any part.
2. Avg. outagetime = half patrol interval + Avg. repair

time (Avg. repair time includes materialand cable
fault delays).

d) Averagecostof out of schedulerepairs(OSR)
per outage=

(Costof eachunscheduledrepair x percentage
of repairsdoneout of schedule)+ (Costofeach
schedulerepairx percentageof repairsdonein
schedule).

Subtractingthe costofaschedulerepairgivesthe average
increasedcostper outagedue toundertakingOSRs.

The valuecan berelatedto aperiodoftimeby multiplying
by the relevanttotal percentageoutageover that period.

B-2 Exampleof MaintenanceFactorEstimation

Location: Urban motorway on the outskirts of a large
industrialcity (MediumPollution)

Lighting system:12 m twin armcolumnsequippedwith
IP65 luminairesutilizing high pressuresodiumlamps.'

Operationconditions(operatinghours):4 000 hrs(Sunset
to Sunrise)per year.

Maintenanceschedule:Cleaningand relampeverythree
years.

From Table14,LLMF=0.90for 12000hoursofreplacement
time

(14)

(16)

Avg.Capital Cost

Anticipatedlife (Yrs)

+ Maintenance Cost+ Interest on Capital

Luminairespatrolledper hour inperiod

Annualcost=

B-1 PatrolViability Calculations

The formulaebelowhavebeendevisedto help calculate
the mostcosteffectivepatrol intervalsfor a road lighting
installation. They incorporatecost factors not directly
associatedwith, but affectedby the frequencyof night
patrolling.

a) Patrol costs are likely to vary pro rata to any
changein patrol interval; and

b) Repaircostsare affectedby the patrol interval.
Extendingthe interval increasesthe numberof
repairs to be carried out in a given area, thus
increasingthe working/travelingtime ratio. In
effectanoptimumis reachedat about2.5 percent
outages.

B-l.l SocialCost Factor (SCF)

Patrollingis undertakenprimarily to reducethe periodof
time betweenfailure andsubsequentrepairofa luminaire.
The cost effectivenessof patrolling can, therefore,only
be assessedwhen a value is assignedto the cost of a
luminairebeinginoperative.The costis equal to the sum
of the costs of providing, financing, energizingand
maintainingthe luminaire.The costhas beentermedthe
SocialCostFactor(SCF).

B-l.2 Out ofScheduleRepair(OSR)

Much of the theoreticalsaving achievedby prolonged
patrol intervals is, in practice,absorbedby responseto
sporadic, individual public complaints. Such Out of
ScheduleRepairs (OSR) increaseadministrationand
operationalcosts and reducethe number of repairs
availablefor the routinerepairvisit. Thecosteffectiveness
of that visit is, therefore,reduced.

B-1.3 Patrol Interval Viability Formulae

a) Patrolcostper luminaireper period=

cost per hour x No.ofpatrols
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2. It is common practiceto carry out lampchangeand
cleaningat the same time, butcleaningof lamp and
luminaire betweenrelamping may be beneficial in
dirty locations or when alonger lamp replacement
period is used.

3. Luminaire maintenancefactor is not related to lamp
burning hours.

B-3 MaintenanceEquipment

Varietiesof equipmentfor maintenanceare describedin
A-3. Out of thoseLadders(A-301), Scaffolding(A-302),
TelescopicScaffolding(A-303), Catwalks,Cranes,Cages,
etc (A-3o7), andVacuumCleanersandBlowers(A-308) are
relevantfor outdoor lighting systems.Additionally, the
following equipmentis also used:

Hydraulic Truck- Oftenthe quickestand mostefficient
maintenancedevice is the hydraulic lift truck or hoist.
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Although there are different typesavailablethe method
of operatingis basicallythe same.The platform can be
raisedor loweredautomatically.Wheresuchequipment
is requiredfor off-roadwayworks, it is importantto check
that the surfacecantakethe weightof the vehicle.

Hinged Columns (and other raising and lowering
devices)- Lowering lighting units to aconvenientwork
level,enablingtheworkerto maintainthem with aminimum
of equipment.When a lighting unit is raisedinto place,
the luminaire unit makesthe proper electrical circuit
connectionautomatically.An additionalsafetyfeatureof
this type of device is that the electrical circuit is
disconnectedwhen the luminaire is lowered. However,
installationand maintenanceofwinches,pulleysandline
canbe amajorjob.
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